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Implementation Plan and Rail
Right-of-Way Risk Analysis

This chapter describes an implementation plan for the FRA Developed Option, which includes key
milestones and phasing for the development of the system. Funding options/strategies will be
discussed in Chapter 11.
For the FRA Developed Option, both a sensitivity and risk analysis were performed. The sensitivity
analysis will consider socioeconomic, rail service, operating and capital costs, and revenue ranges.
The risk analysis will primarily consider downside factors, and will include a quantitative analysis
comparison of a totally non‐freight railroad corridor compared to use of existing rail corridors. The
study currently assumes shared use of rail corridors for access to downtown Denver, through
Colorado Springs and from Pando to Eagle Airport. However, the RMRA Steering Committee asked
for development of an alternative that would not need to share right‐of‐way with freight railroads,
and which could facilitate the use of FRA non‐compliant equipment. This work was performed as a
supplement to the original study and the key results are presented at the end of this chapter.

10.1

Implementation Phase Definition

For evaluation in this Feasibility Study, a preliminary set of implementation phases has been
developed. Since final alignments and phasing will be developed during the NEPA process, this
discussion is intended only to jump start consideration of implementation options for the next
planning phase. For the current study, four phases have been proposed as shown in Exhibits 10‐1
through 10‐4:


Phase I would build the initial segments from Denver International Airport (DIA) to
downtown Denver to Colorado Springs. Ridership projections have consistently shown that
these will be the peak load segments for the entire system, so they are a logical first phase.



Phase II would extend service in I‐70 from downtown Denver to Summit County resorts
including to Keystone, Breckenridge and Copper Mountain. This will likely be the most
difficult and expensive segment to construct because of extensive tunneling needed for I‐70
crossing the Continental Divide. Rather than avoiding this segment, since its construction is
likely to take the longest, it is essential to gain the environmental clearance and funding
commitments needed to get the earliest start possible on the I‐70 tunnels. Construction on
Phase II should proceed concurrently with development of other segments even if those
segments can be completed first.



Phase III would extend I‐25 service north to Fort Collins and south to Pueblo. Depending
on the level of funding and issues identified during the NEPA process, Phase III may be able
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to be completed before Phase II. However, this analysis assumes that Phases II and III will
open concurrently.


Phase IV would extend I‐70 service west to Eagle Airport and also complete the branch line
to Black Hawk. Construction of a line from Copper Mountain west to Eagle Airport via
Pando does not entail any major tunneling and uses an existing rail right‐of‐way, so it also
may be able to complete earlier than Phase II. This might make sense as a way to jump‐start
earlier development of the proposed diesel‐powered Intermountain Connection.1 However,
this analysis assumes this phase will open concurrently with Phases II and III.
Exhibit 10‐1: Phase I – DIA to Colorado Springs

LEGEND
Phase I
Phase II
Phase III
Phase IV

1

See: http://www.eaglecounty.us/ecotransit/TransitVision2030/pdf/IMCview.pdf
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Exhibit 10‐2: Phase II – Denver to Summit County Resorts

Exhibit 10‐3: Phase III –I‐25 Extensions to Pueblo and Fort Collins

LEGEND
Phase I
Phase II
Phase III
Phase IV

TEMS, Inc. / Quandel Consultants, LLC / GBSM, Inc.

March 2010

10‐3

Rocky Mountain Rail Authority
High‐Speed Rail Feasibility Study
Business Plan

Exhibit 10‐4: Phase IV –I‐70 Extensions to Eagle Airport and Black Hawk

10.2

Implementation Phase Timings

For development of an implementation plan, a key consideration is the length of time it takes to
progress through the environmental planning and project development process, followed by
detailed design, construction, testing and certification of the system.


Planning issues on the I‐70 corridor are complex, but the I‐70 effort has a head start because
of the substantial amount of work that has already been completed by the I‐70 PEIS.
However it is still essential to remain focused on moving expeditiously if relief to current I‐
70 traffic congestion is to be forthcoming in any reasonable time frame.



Planning on I‐25 is also complex. It involves several urban segments and a need to
coordinate with freight railroads and the R2C2 project, as well as the need to deal with
environmental and community issues on proposed Greenfield segments.

As a result, because of the complexities involved in planning both the I‐25 and I‐70 corridors, the
project development (PD) including the preliminary engineering (30 to 45 percent) and
environmental document phase (PEIS/EIS) has been estimated as five years for both corridors.
Project development for Phases III and IV could be started concurrently if desired, although the
main focus must be on completing the work that is needed to support the start of construction on
Phases I and II at the earliest possible date. A Design‐Build approach has been assumed for
compressing the implementation time scale of the project. This approach allows some construction
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to start occurring prior to the full completion of the final engineering design phase by the design‐
build contractor.
Exhibit 10‐5 shows a proposed implementation plan for the system.


Phase I needs six years for the design‐build phase from the date of completion of 30 percent
preliminary engineering and environmental documents that would result in a 2021 opening
date for the system. Included in the six year design build phase is 6 months in the front for
bidding and negotiating design build segments and 6 months at the end for testing and
commissioning.



Phase II takes longer because of the design‐build time needed for tunnels. The design‐build
segments start with a 6 month bidding and negotiation phase, followed by 8 years of design‐
build, and ending with 6 months of testing and commission. The I‐70 corridor from Denver
to Copper Mountain could be in service by 2024.



Phases III and IV need six years for implementation. Assuming no funding or construction
resource bottlenecks, both are assumed to open concurrently with Phase II in 2024.

Even though Phases II, III and IV are all assumed to implement concurrently, for more flexibility in
future NEPA planning, they have still been identified as independent phases in this feasibility study.
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Exhibit 10‐5: Proposed RMRA Implementation Plan
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10.3

Capital Requirements

Capital investment requirements have been estimated for each construction phase, based on the total
cost estimate that has been developed for the FRA Developed Option. The routes and costs included
in each implementation phase are described below.

10.3.1 Phase I ‐ Denver International Airport to Denver to Colorado Springs
The FRA Developed Option leaves the future intermodal center at DIA and proceeds westward on
the south side of 96th Street through the Rocky Mountain Arsenal. The route crosses SH 2 at the
intersection of 96th Street and the BNSF Brush subdivision on an elevated structure lands on or
contiguous to the BNSF existing rail. The route follows the BNSF right‐of‐way to the Sand Creek
Junction to Denver Union Station. The FRA Developed Option proceeds to the south on the
BNSF/UPRR Joint Line to Littleton. The route crosses C‐470 on an elevated structure and lands on
the south of C‐470. The route proceeds in an area contiguous to C‐470 to the west. The route crosses
over I‐25 and lands on the east side. The route continues south contiguous to the I‐25 right‐of‐way
to a location approximately 1.2 miles north of the center of Castle Rock where it transitions to a
greenfield alignment on the Front Range and proceeds towards Colorado Springs. East of Colorado
Springs, the route leaves the greenfield and uses a route consisting of existing rail rights‐of‐way onto
the Joint Line at the UPRR MP 72.8 and into downtown Colorado Springs to the site of the former
Denver, Rio, Grande and Western Station on the Joint Line UPRR MP 74.9.
The estimated
infrastructure costs for this FRA Developed Option between DIA and Colorado Springs is detailed
in Exhibit 10‐6.
Exhibit 10‐6: Estimated Capital Cost by Project Element (Phase I)
Phase I: DIA to Denver to Colorado Springs

Total Costs in Millions $2008

Track work

$663.098

Structures

$564.925

Systems

$308.002

Crossings

$11.501

Stations/Maintenance Facilities

$201.91

Total of Construction Elements

$1,748.716

Contingency

$494.857

Other Costs

$600.427

SUBTOTAL Infrastructure
Vehicles
TOTAL PHASE I
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10.3.2 Phase II ‐ Denver to Keystone/Breckenridge and Copper Mountain
The FRA Developed Option leaves the I‐25 corridor from the BNSF/UPRR Joint Line immediately
north of the intersection of US‐6 and I‐25. It crosses the I‐25/US‐6 interchange on a high level
structure and lands within or contiguous to the US‐6 right‐of‐way and proceeds west to the crossing
of US ‐6 with I‐70. The route follows the PEIS alignment within the right‐of‐way of limits of I‐70
from US‐6 to Floyd Hill via El Rancho. From Floyd Hill to Idaho Springs, the route proceeds within
or contiguous to the south side of I‐70 to Idaho Springs. The route continues within or contiguous to
the south side of I ‐70 from Idaho Springs to Georgetown. From the east boundary of Georgetown,
the route proceeds to a point on the PEIS alignment near the west boundary of Silver Plume within
or contiguous to the I‐70 right‐of‐way. The route proceeds within or contiguous to the I‐70 right‐of‐
way on the south side from Silver Plume to a point near the Loveland Pass interchange with I‐70
(MP 216). At this point, the route enters the North Fork Tunnel and exits the tunnel and proceeds on
the north side of US‐6 into Keystone. The route proceeds within or contiguous to US‐6 from
Keystone to Dillon and Silverthorne. The route proceeds into the right‐of‐way limits of I‐70 and
follows the PEIS alignment toward Frisco. At a point near the west boundary of Frisco, the
Breckenridge branch line proceeds south through a tunnel. It exits the tunnel and proceeds within
or contiguous to SH‐9 to Breckenridge. From Frisco, the main line follows the PEIS alignment to
Copper Mountain. The estimated infrastructure cost between Denver and Copper Mountain is
detailed in Exhibit 10‐7.
Exhibit 10‐7: Estimate Capital Cost by Project Element (Phase II)
Phase II: Denver to Copper Mountain

Total Costs in Millions $2008

Track work

$527.054

Structures

$4,313.489

Systems
Crossings

$421.480
$2.279

Stations/Maintenance Facilities

$85.000

Total of Construction Elements

$5,349.302

Contingency

$1,574.791

Other Costs

$1,910.746

SUBTOTAL Infrastructure

$8,834.839

Vehicles
TOTAL PHASE II
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10.3.3 Phase III ‐ Colorado Springs to Pueblo and Denver to Fort Collins
Colorado Springs to Pueblo
From downtown Colorado Springs, the FRA Developed Option proceeds on the existing rail
BNSF/UPRR Joint Line to Fountain. Between Colorado Springs and Fountain, a connection to Fort
Carson can be made in the vicinity of BNSF MP 78.8. At Fountain, the route leaves the existing rail
right‐of‐way near BNSF MP 88.7 onto the Front Range and proceeds on a greenfield route south to
Pueblo. North of Pueblo, the greenfield route meets with the BNSF/UPRR Joint Line and proceeds
into downtown Pueblo.
Denver to Fort Collins
From downtown Denver, the FRA Developed Option proceeds on the BNSF Brush subdivision
existing rail route to a point where the existing rail route intersects with E‐470. The route proceeds
onto the north side of E‐470 and crosses I‐25 on an elevated structure and lands on the west side of I‐
25. The route proceeds north to the vicinity of County Road 6 where it crosses on an elevated
structure and lands in the median. The route proceeds north in the median of the I‐25 highway to
the North Front Range Station and north to a Fort Collins station.
The estimated infrastructure cost for these extensions is detailed in Exhibit 10‐8.
Exhibit 10‐8: Estimate Capital Cost by Project Element (Phase III)
Phase III: Colorado Springs to Pueblo
and Denver to Fort Collins

Total Costs in Millions $2008

Track work

$897.839

Structures

$499.342

Systems

$526.607

Crossings

$6.318

Stations/Maintenance Facilities

$56.000

Total of Construction Elements

$1,986.106

Contingency
Other Costs
SUBTOTAL Infrastructure
Vehicles
TOTAL PHASE III
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10.3.4 Phase IV ‐ I‐70 Copper Mountain to Eagle County Airport and Black Hawk Branch
Copper Mountain to Eagle County Airport
From Copper Mountain, the optimized core route (greenfield) proceeds south on the east side of SH
91 and crosses SH 91 on an elevated structure and continues on elevated structure through the
National Forest and connects with the UPRR Tennessee Subdivision at Pando Junction. Costs for this
segment assume a Vail station at Dowd Junction but no branch line into Vail. There are some very
restricted sections of the Eagle River gorge between Pando and Minturn, but the capital cost
estimate takes these into account. The FRA Developed Option continues within or contiguous to the
UPPR right‐of‐way existing rail route to the Eagle County Airport.

Black Hawk Branch
From the base of Floyd Hill near I‐70 at MP 244, the FRA Developed Option enters Black Hawk
Tunnel (approximate length of 5300 LF) and proceeds to SH 119. The route proceeds within or
contiguous to SH‐119 to Black Hawk.
The estimated infrastructure cost for these extensions is detailed in Exhibit 10‐9.
Exhibit 10‐9: Estimate Capital Cost by Project Element (Phase IV)
Phase IV: Copper Mountain to Eagle
County Airport and Black Hawk
Branch

Total Costs in Millions $2008

Track work

$617.297

Structures

$1,390.563

Systems
Crossings

$339.709
$0

Stations/Maintenance Facilities

$25.000

Total of Construction Elements

$2,372.569

Contingency

$711.771

Other Costs

$863.615

SUBTOTAL Infrastructure
Vehicles
TOTAL PHASE IV
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10.3.5 Implementation Phase Timings
For development of an implementation plan, a key consideration is the length of time it takes to
progress through the environmental planning and project development process, followed by
detailed design, construction, testing and certification of the system.
Exhibit 10‐10 shows the cash flows resulting from the overall implementation plan. For seven years
of project development from 2010 through 2016 expenditures remain at a level of $60 million per
year, ramping up to $470 million per year in 2016. Once construction starts in 2017, implementation
takes seven years at an average level of expenditure of $2.8 billion per year, but likely ranging
between $2.5 and $3.0 billion depending on the activities of the specific year.

Exhibit 10‐10: Projected Allocation of Construction and Equipment Costs

The capital plan includes $2.20 billion for 50 trains by 2020, an average cost of $44 million each for a
300‐seat train. At current exchange rates the trains may cost more than that if they were all imported
from Europe, but this estimate is reasonable for domestic production of a volume order of trains
under “Buy American” provisions. Equipment cost could be reduced if grades were limited to 4
percent on the whole system. To keep pace with ridership growth, the capital plan provides for
purchases of 15 additional trains in 2030, 15 trains in 2040 and 10 trains in 2050.
The capital requirement also includes an allowance for track and infrastructure renewal, which is
gradually ramped according to the factors given in Exhibit 7‐6. A fully ramped level of capital
replacement was estimated to add an additional 77 percent in cost or $43 million per year over and
above the level of operating maintenance expenditures, but this full normalized level of cost is not
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reached until 2041. It has, therefore, a relatively minor impact since it does not start occurring until
rather late in the planning period.
Infrastructure renewal does not need to be included in the Operating Ratio because it is a capital
cost, not an operating cost. It has been included in the Cost Benefit calculation. However, the
projected operating surpluses are more than sufficient to cover this cost.
A discounted cash flow basis was used for calculating the cost benefit ratio associated with
implementation of the Colorado Rail System. A 3.9 percent interest real interest rate was used
consistent with GAO guidelines. This calculation assumed project development and construction
from 2010 through 2020, with Phase I operations starting in 2021. Construction on the remainder of
the system continues through 2023 as shown in Exhibits 10‐4 and 10‐5. However there is a three‐year
overlap where some operating benefits help offset the development costs associated with other parts
of the system.
Train‐miles were ramped up on a year‐to‐year basis to maintain a constant 75 percent load factor.
This assumes that train operations will be tightly matched to demand each year through incremental
adjustments and additions to the operating plan, so that the growth in capacity matches the growth
in ridership and revenue. Because fixed costs remain constant as ridership grows, this results in
steadily declining average costs and improving operating ratios throughout the life of the system.

10.4

Financial Results

Exhibit 10‐11 presents a pro‐forma Financial Statement showing projected operating cash flows
associated with implementation of the system. This statement assumes a two‐step Implementation
with Phase I becoming operational in 2021, and Phases II through IV coming on‐line in 2024, in
accordance with the implementation plan of Exhibit 10‐15.
Revenue ramp up factors of 50 percent and 75 percent were assumed for the first two years of
operation. This results in small operating losses in the first implementation year of each phase. These
start‐up losses are normal and expected, and need to be anticipated and built into the Financial Plan.
A small loss of $8.9 million occurs in 2021 associated with the Phase I startup, and again in 2024 a
loss of $36.5 million is associated with the Phase IV startup.
The level of these startup operating losses is not of a great concern (assuming financing can be
arranged) since the Year 2 operating surplus is $16.4 million, more than enough to repay the first
year losses; and again the Year 3 operating surplus is $43.3 million, more than enough to cover the
anticipated loss in 2024. Because these are transient losses associated with start‐up, the losses can be
financed using a funding mechanism such as a TIFIA loan (Transportation Infrastructure Finance
and Innovation Act of 1998) so that these short‐term losses can be capitalized and paid back at a later
time, without requiring an operating subsidy.
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The cash flow analysis shows that the system, once through the initial start‐up period, will be
financially self‐sustaining and in fact capable of generating substantial operating surpluses on an
annual basis. For example, the operating surplus in 2035 is estimated as $454.6 million. Over the
projected 30‐year life of the system, these surpluses (undiscounted) come to a total of $12.96 billion.
This compares to an initial cost of $21.13 billion for the whole system. As a result, the available cash
from operations is not sufficient, by itself, to justify the cost of building the system (i.e. the project
cannot finance itself.)
Once built the free cash flow generated from operations will be substantial, so in the context of a
public‐private partnership there could be a possibility for the system to self‐fund a good share, but
not all, of its capital cost. For example, there appears to be the possibility that a private operator
could afford to buy their own trains to operate over the line, as well as fund the periodical
infrastructure maintenance (capital) costs that were assumed by this business plan. Or, if the
operating surpluses were paid to RMRA and revenue bonds issued against these prospective future
cash flows, there would likely be enough money to pay the assumed 20 percent local match for
building the system without needing any local taxpayer funds.
Capital Costs are treated as a grant to the project, on the basis of an agreed split between Federal,
state, and private sources. These agreements will be worked out in detail in subsequent financial
discussions between the parties. Potential contributions are identified in the funding chapter, and
specific capital cash flows will then be identified, and the specific costs and borrowing requirements
can be estimated. On a project of this scale a number of creative financing techniques are likely to be
used to even out flows and minimize financing costs. Typically, these costs would work out in the
vicinity of 1‐2 percent of total project cost, given the availability of such financing instruments as
Delayed Match, Grant Anticipation Notes, Transportation Infrastructure and Finance Innovation Act
(TIFIA), Matching In‐kind Contributions, and Direct Capital Grants to the project.

10.5

Cost Benefit Results for the FRA Developed Option

Development of the Cost Benefit ratio for the FRA Developed Option reflects fine‐tuning of the
capital plan, route structure and implementation plan, as well as the development of refined
ridership and revenue forecasts using the COMPASSTM model. Improvements to demand modeling
include development of separate Long and Short Distance trip models, as well as refined networks
reflecting the route structure of the FRA Developed Option.
The ridership and revenue result is not changed very much from the earlier forecast. Exhibit 10‐16
shows the comparison between the earlier “220‐mph 7% Truncated” result and the current estimate
for the FRA Developed Option. It can be seen that revenue has gone up, but consumer surplus has
gone down in a balanced way, this reflects the result of further fare optimization, as well as the
refinement of the long distance/short distance modal split models. The net result has very little
impact on the Cost Benefit calculation.
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Exhibit 10‐11: Pro‐Forma Financials, Colorado FRA Developed Option, 2021‐2050

TEMS, Inc. / Quandel Consultants, LLC / GBSM, Inc.

March 2010

10‐14

Rocky Mountain Rail Authority
High‐Speed Rail Feasibility Study
Business Plan

Exhibit 10‐11: Pro‐Forma Financials, Colorado FRA Developed Option, 2021‐2050 (ctd)
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Exhibit 10‐12: Comparison of Revenue and Consumer Surplus
(Millions $2008)

220‐mph 7%
RW/GF Truncated

FRA Developed
Option

Revenue

$754.6

$921.7

Consumer Surplus

$960.7

$811.6

Total

$1,715.3

$1,733.3

While consumer surplus reflects a benefit to users of the rail system (over and above what they have
to pay for), external mode benefits reflect additional benefits accruing to non‐users of the system ‐‐
such as those people who continue to drive their automobiles.
External Mode benefits consist of auto congestion savings and emissions reduction. The detailed
calculation for these supports a higher level of benefit than was estimated in the preliminary
screening.


Highway congestion savings is accounted by the diversion of auto users to rail, in turn
reducing the congestion on the highway and improving the level of service to remaining
users. The monetary value of these savings was conservatively estimated based on the
number of diverted auto trips. The result of the calculation benchmarked in the same
approximate range as many Midwest corridors.



Diverted autos also reduce emissions along the length of the trip, which is accounted for as
emission savings. Vehicle emissions are higher when the speed of the vehicle is lower. The
emission factors for carbon monoxide, hydrocarbons, NOx, Sox, PM10 (Particulate) and
carbon dioxide were obtained from the Environmental Protection Agency database2. The
emission factors in tons per mile were converted to cost per emission by multiplying the
valuation of emissions in $ per ton. This valuation was obtained from High‐Speed Ground
Transportation (HSGT) for America Report (1997)3 and by applying the consumer price
index (CPI) value, converted to $2008.

The other major factor affecting the Cost Benefit ratio is the timing and implementation of capital
cost. Since the Cost Benefit ratio is based on a Present Value calculation, the timing of capital cash
flows can affect the result. Although capital costs are slightly higher than before, given the current
implementation plan the start of the major expenditures is postponed until 2017 and then
compressed into a tight seven‐year construction period. Some Phase I benefits start occurring as
early as 2021 even before construction on the system is fully completed. In the discounting
calculation, both costs and benefits that occur earlier are given greater weight. The result is that
capital costs, even though slightly higher than before, have been spread out in such a way as to
reduce their overall impact on the Cost Benefit ratio.

2
3

See: http://www.epa.gov/ and http://www.epa.gov/oms/climate/420f05001.htm - calculating
See: http://www.fra.dot.gov/downloads/RRDev/cfs0997ch6.pdf
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These results reflect the Present Value of the benefit and cost streams in constant $2008, discounted
at a 3.9 percent real interest rate. Application of this discounting factor over the 14‐year
implementation time frame for the system reduces the Present Value of the Capital Cost from $21.13
billion down to the $15.03 billion that is shown in Exhibit 10‐13.
The results of the Cost Benefit calculation show a projected 1.49 result for the 220‐mph FRA
Developed Option. An average Operating Ratio of 1.90 over the life of the project can be estimated
based on the Present Values of System Revenues and Operating Costs. If automobile operating cost
savings were added as described in Chapter 9, the Cost Benefit ratio would improve to 1.58.
Exhibit 10‐13: Operating Ratio and Cost Benefit Calculation – 2010‐2050
(NPV in Billions $2008)
System Revenues

$13.44

Operating Cost

$7.08

Operating Surplus

$6.36

OPERATING RATIO
(Revenue ÷ Operating Costs)

1.90

System Revenues
Consumer Surplus
External Mode
TOTAL BENEFITS

$13.44
$11.81
$8.04
$33.31

Capital Cost
Operating Cost
Infrastructure Renewal

$15.03
$7.08
$0.23

TOTAL COST

$22.35

COST BENEFIT RATIO
(Total Benefits ÷ Total Cost)
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10.6 Freight Railroad Right‐of‐Way Risk Analysis
The reason for conducting the risk analysis includes the possible challenges with negotiating with
the freight railroads at a reasonable cost. This is due to the technical requirements for separating
passenger and freight trains and ensuring appropriate capacity for both systems. This includes the
uncertainty of the R2C2 freight relocation project, which would be an essential prerequisite to the
freight railroads being able to share rights‐of‐way. As a result, it is prudent for the study to develop
alternatives to the use of freight rail right‐of‐way.
The proposed Colorado 220‐mph Electric Rail system includes several segments of freight railroad
right‐of‐way. On the I‐25 corridor, shared freight rail right‐of‐way would be used for access to
downtown Denver and Colorado Springs. On the I‐70 corridor, freight rail right‐of‐way would be
used from Pando west to Eagle Airport. It should be noted that all Risk analysis options continue to
serve both downtown Denver and DIA, although not as many trains would go to downtown Denver
in the Risk analysis options that use E‐470 instead of the Joint Line for access from I‐25 south.
Since the passenger rail system would use freight rights‐of‐way in only these few places, the RMRA
Steering Committee asked for development of an option that would be completely independent of
freight rail rights‐of‐way. This mitigates risks associated with freight right‐of‐way sharing, including
the need for modifying European or Japanese high‐speed trains for FRA compliance. This task was
identified as a “Risk Analysis” for identifying the additional costs and benefits associated with either
the elevated or bypass alignments that would be needed to completely separate passenger from
freight rail rights‐of‐way. In order to do this, capital costs, operating costs, ridership and revenue
need to be adjusted. Several route modifications, identified as either original or revised “bypass”
options, are shown in Exhibits 10‐14 through 10‐17. In these exhibits, the red line reflects the portion
of the network that was unchanged; the blue line reflects sections of the original network that were
removed and the green line shows new “Bypass” segments to be added.


In the Denver area, two route options were developed as in Exhibits 10‐14 and 10‐15:
o

Option 1: An Elevated option over existing rail right‐of‐way, using the Joint Line,
Consolidated Main Line and Brush Line rights‐of‐way.

o

Option 2: A Bypass alternative via E‐470. This bypass option misses the Suburban
South station at Littleton, but adds stops at Parker and Aurora. It eliminates use of
all but a short stretch of Consolidated Main Line right‐of‐way that is still required to
link downtown Denver to US‐6 and the I‐70 corridor, but adds a new easterly
alignment to E‐470 and DIA.



To avoid the need for sharing freight rail right‐of‐way through Colorado Springs, a bypass
option was also developed there. As Exhibit 10‐16 shows, the proposed downtown CBD and
South stations were relocated to suburban sites at Woodmen Road and the airport.



Finally Exhibit 10‐17 shows a greenfield alternative that was developed to avoid the need for
sharing Union Pacific right‐of‐way west of Pando.
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Costs were estimated only on a parametric basis and as sensitivities on the following ranges:


Capital Costs Range: Low to High



Bypass Speed Range: Slow to Fast



Equipment Capital and Operating Cost: Compliant vs. Non‐Compliant

From Fort Collins to Denver, the route alternatives in Exhibit 10‐15 are:


220‐mph Electric Rail: From the I‐25 / E‐470 interchange, the alignment follows E‐470 east to
the I‐76 interchange. Crossing the UP tracks it turns southwest onto the BNSF Brush line
right‐of‐way to downtown Denver, sharing the segment south of 96th Avenue with the DIA
spur.



Bypass Option: This alternative continues on E‐470 past DIA to the I‐70 / E‐470 interchange,
where the line to downtown Denver and the I‐70 corridor turns west to the proposed RTD
Peoria Street/ Smith Road station. East of Peoria Street, the Bypass would have to either
share or parallel the RTD right‐of‐way into downtown Denver.

From Denver to Pueblo, the route alternatives in Exhibit 10‐16 are:


220‐mph Electric Rail: The existing Consolidated Main Line and Joint Line rail rights‐of‐way
are used from downtown Denver to Littleton. From Littleton the alignment follows C‐470
east to Lone Tree, then I‐25 south to Castle Rock. South of Castle Rock, the alignment moves
east for easier topography. In Colorado Springs the abandoned Rock Island right‐of‐way is
followed back to the existing rail through downtown. The existing rail corridor is followed
to Fountain where the greenfield alignment to Pueblo resumes.



Bypass Option: This alternative uses the E‐470 from the I‐70 / E‐470 interchange to I‐25 at
Lone Tree, with an intermediate station stop at Parker Road. At Lone Tree, the Bypass option
rejoins the FRA Developed Option south. However, to avoid the existing rail corridor
through downtown Colorado Springs, the Bypass option includes a greenfield alignment
along the east side of Colorado Springs with a suburban station.

From Pando to Eagle Airport, Exhibit 10‐17 shows an existing rail (UP Tennessee Pass line) option,
along with a new greenfield alternative that would either elevate over the UP rail line, or else use
new right‐of‐way in the corridor.
The Elevated Option 1 for the Denver Metro area developed an estimate for an elevated structure
from Littleton (in the south, at Joint Line MP 14) to Sand Creek Junction (in the North, at Brush Line
MP 537.4) as shown in Exhibit 10‐18. This follows the same rail corridor originally assumed for the
220‐mph Electric Rail option, but elevates the passenger line to achieve separation from freight rail.
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Exhibit 10‐14: Denver Metro Area: Risk Analysis Routes

OPTION 1: Elevate over Existing Rail through
Denver (same alignment as 220‐Electric Rail)
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OPTION 2: Bypass Option uses E‐470 around
Denver and I‐70 corridor to the east
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Exhibit 10‐15: I‐25 North Risk Analysis Routes

Exhibit 10‐16: I‐25 South Risk Analysis Routes

LEGEND
Preferred Option
Bypass Option
Common Route

Two
Added
Stations
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Exhibit 10‐17: I‐70 West Risk Analysis Routes

LEGEND
Preferred Option
Bypass Option
Common Route

Greenfield
Option
developed
from Pando
to Eagle
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Exhibit 10‐18: Option 1 Elevated Option for Denver

LEGEND
Elevated Dbl Track
Brush MP 537.4 – Sand Creek

E-470 / US-6 Conn

Brush MP 542.1 – 20

th

th

JL MP 2.6 – 6 Ave

JL MP 14.0 – C-470 Jct

However, it may be that this elevation is not necessary. BNSF Railway reviewed the Joint Line
sharing plan that was presented to the RMRA Steering Committee on Feb 27, 2009 and agreed to the
conceptual feasibility of adding at‐grade tracks in the Joint and Brush Line corridors. They felt the
plan was a reasonable starting point, and saw value in the additional separation this plan would
provide between freight and LRT operations. Since sharing the Joint Line corridor at‐grade still
remains a distinct possibility, access to the rail corridor may be negotiated at a cost much less than
the cost of the elevated structure.
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10.6.1 Infrastructure Mileage Comparison


220‐mph Electric Rail: From Lone Tree to the E‐470 / I‐25 interchange the distance is 9 miles
of greenfield plus 30 miles of existing rail alignment. The DIA spur adds 12 miles, but 4
miles from downtown Denver to the US‐6 interchange are shared with the Bypass
alignment, so the total mileage of track that could be eliminated by the bypass alignment is 9
+ 30 + 12 – 4 = 47 miles.



Bypass Option: From Lone Tree to the E‐470 / I‐25 interchange the distance is 29 miles. From
the E‐470 / I‐70 interchange to downtown Denver via Peoria Street is 15 miles, so the total
mileage of additional track required by the Bypass is 44 miles. A branch line to the DIA
terminal would add 4 more miles, so it can be seen that the length of the two Denver metro
options are practically equivalent. However, the Colorado Springs Bypass is 6 miles shorter
than the existing rail line through downtown.



I‐70 West: A greenfield alignment from Pando to Eagle Airport may offer an opportunity to
improve the route geometry, but the total length of this segment has been assumed to
remain the same.

10.6.2 Station Comparisons
In developing the Denver Bypass, downtown Denver (DUS) continues to be served in all options.
However, several new station locations have been developed to serve local markets:


An Aurora station was added at Peoria Street and Smith Road, near the I‐225 / I‐70 highway
interchange. This station would serve a highly populated area, and would also provide Light
Rail connectivity to the Denver Tech Center via the I‐225 corridor. Adding this stop fills a
“gap” in the area coverage of the high‐speed rail system, significantly improving network
accessibility in east Denver.



A new station was also added at Parker Road along the E‐470 to replace the South Suburban
station at Littleton. This gain and loss roughly balance one another.

The Colorado Springs stations were moved to suburban locations at Woodmen Road and the
airport. Access to some zones that were formerly associated with the downtown station are now
more convenient to the airport station. The greenfield alignment around Colorado Springs (with two
station stops) saves 6 miles and 8 minutes compared to the route via downtown, resulting in faster
service to all points north. As a result, traffic at the airport increased in the Bypass option compared
to the former South Colorado Springs station; while Woodmen Road stop had slightly less traffic
than the former downtown station. The total ridership and revenue generated by the two Colorado
Springs stations remained about the same in either alternative.
For the DIA station, the 220‐mph Electric Rail Alternative assumed a 12‐mile long stub‐end branch
line to the airport. The DIA station would be co‐located with the RTD East Line station adjoining the
main airport terminal building. This would provide the most seamless transfer for passengers
arriving DIA.
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In the Bypass option however, the E‐470 highway passes about four miles to the west of the DIA
terminal, so a station could be located either in the vicinity of the E‐470 / Pena Blvd interchange, or
else a 4‐mile branch line connecting to the airport terminal could be built. Because the length of the
branch line is reduced from 12 miles to just 4 miles in the Bypass option, direct airport access is
actually easier to provide than before.
Since the option of providing direct rail service to the airport terminal still exists, for consistency
with the earlier estimates Bypass Option ridership projections are based on direct service to the
airport terminal and train‐running times include an allowance for airport access. If the DIA station
were located at E‐470 / Pena Boulevard the Bypass would be shortened by 8 miles and 10‐15
minutes, but the forecast would have to be adjusted because of the need for a transfer and
connection time from the airport terminal to the train station. A more detailed evaluation should be
conducted in a later study phase when more information on the possible DIA station options
becomes available.

10.6.3 Running Time and Mileage Comparison – Preferred vs. Bypass Options
Because this work was performed only as a risk assessment and not a full route evaluation, detailed
geometry for the E‐470 Bypass alignments was not developed. Two options were developed as
sensitivities on average commercial speed (with stops) of 60 mph and 90 mph. Exhibit 10‐19 gives a
time and distance comparison for the I‐25 North corridor, while Exhibit 10‐20 develops a similar
comparison for I‐25 South.
Exhibit 10‐19: Time and Mileage Comparison – I‐25 North Corridor
Developed + OPT 1 Elevated
Travel
Avg
Time
Distance Speed
(min)
(miles)
(mph)
14
24
103
13
23
106
27
47
104

Segment
North Suburban - Denver
DIA-Denver
North Suburban - DIA

OPT 2 Bypass (90 mph) *
Travel
Avg
Time
Distance Speed
(min)
(miles)
(mph)
30
46
92
17
26
92
13
20
92

OPT 2 Bypass (60 mph) *
Travel
Avg
Time
Distance Speed
(min)
(miles)
(mph)
44
46
63
24
26
65
20
20
60

Exhibit 10‐20: Time and Mileage Comparison – I‐25 South Corridor

Segment
Lone Tree - Denver
Lone Tree - DIA
Lone Tree - North Suburban
Pueblo-Lone Tree

Developed + OPT 1 Elevated
Travel
Avg
Time
Distance Speed
(min)
(miles)
(mph)
13
23
106
26
46
106
27
47
104
59
98
100

OPT 2 Bypass (90 mph) *
Travel
Avg
Time
Distance Speed
(min)
(miles)
(mph)
26
40
92
19
28
88
32
48
90
51
92
108

OPT 2 Bypass (60mph) *
Travel
Avg
Time
Distance Speed
(min)
(miles)
(mph)
33
40
73
26
28
65
46
48
63
51
92
108

KEY
Better
Worse
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In general, the impact of using Bypass routes is to improve access to DIA at the expense of access to
downtown Denver and the I‐70 corridor. However, the adverse impact of added travel time to
Denver and I‐70 is at least partially mitigated by the additional ridership generated by the Aurora
station at Peoria Street and Smith Road. Specifically:


From I‐25 North to Denver and the I‐70 corridor (as shown by the North Suburban to Denver
result in Exhibit 10‐19) the bypass adds 22 miles and 15‐30 minutes. (These times are
sufficient to allow the trains to access the DIA terminal on a 4‐mile branch line.)



The Bypass significantly shortens the time and distance from I‐25 North stations to DIA,
since it puts DIA directly on the through route to Fort Collins. The FRA Developed Option
does not provide direct rail service from Suburban North to DIA, and assumes DIA riders
must either take a shuttle bus from Suburban North or change trains in downtown Denver.
The savings is 27 miles and 27‐34 minutes.



From DIA to downtown Denver, the Bypass via Peoria Street and Smith Road is only 3 miles
longer than the original route that loops around the north end of the Rocky Mountain
Wildlife Refuge. From DIA to downtown Denver, the Bypass takes 4‐13 minutes longer than
the 220‐mph Electric Rail option, depending on the speed of the Bypass.



From I‐25 South to downtown Denver and I‐70 (as shown by the Lone Tree to Denver result)
the Bypass adds 17 miles and 13‐20 minutes to the trip. This is partially offset by the 6 mile
and 8 minute savings from the Colorado Springs shortcut. Even so, it still takes longer to use
the Bypass to get from I‐25 South to downtown Denver and the I‐70 corridor.



From Lone Tree to DIA, the Bypass via E‐470 saves 18 miles but only 7 minutes, due to the
90‐mph average commercial speed that was assumed for the E‐470 routing and the good
geometry of the rail lines via downtown Denver.



For north‐to‐south travel from Lone Tree to North Suburban, the Bypass is shorter than
going through downtown. If however a diversion via the airport were included in the train
schedule, the bypass would actually be a mile longer than going through downtown, and the
schedule would take 5‐19 minutes longer.

In summary:


Bypass options improve access to DIA, particularly from the north, and they add an
important Aurora station at Peoria Street and Smith Road.



Bypass options lengthen travel times from I‐25 North to downtown Denver and the I‐70
corridor by 15‐30 minutes.



Bypass options lengthen travel times from I‐25 South to downtown Denver and the I‐70
corridor by 5‐12 minutes. From the south, the time and mileage impact associated with the
bypass are partially offset by the Colorado Springs shortcut.



The travel time impact on north‐south (e.g. Pueblo to Fort Collins) or east‐west (e.g. Vail to
DIA) travel time via either option is negligible. If, however, a diversion via the DIA terminal
were included, a Pueblo to Fort Collins trip via the Bypass would take longer than the more
direct routing via downtown Denver.
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10.6.4 Bypass Options: Revenue and Ridership Performance
Exhibit 10‐21 summarizes the forecast Revenue and Ridership of the two Bypass variants relative to
the original 220‐mph Electric Rail Alternative, which is treated as the base case for comparison.
Exhibit 10‐18 shows the ridership impact of each Bypass variant by corridor4.
Exhibit 10‐21: 2035 Revenue and Ridership Performance of Bypass Options (Millions of $2008)
Ridership
Passenger
% of FRA
Consumer
Option
Ridership
Revenue
Miles
Developed
Surplus
(Millions)
Option
Developed + Opt 1

34,186,288

100%

$811.57

$807.56

2,494

OPT 2 Bypass (60 mph)

32,368,990

95%

$758.68

$804.78

2,453

OPT 2 Bypass (90 mph

35,504,284

104%

$866.46

$918.85

2,684

Exhibit 10‐22: 2035 Corridor Impact of Bypass Options
Option

I‐70 West

I‐25 North

I‐25 South

OPT 2 Bypass (60 mph)

90%

110%

98%

OPT 2 Bypass (90 mph

96%

124%

106%

Regardless of speed, the Bypass worsens I‐70 and downtown Denver connectivity to I‐25 both North
and South. However, it puts DIA directly on the I‐25 North corridor, and adds a strong Aurora
station at the I‐70 / I‐225 Junction.
Exhibits 10‐21 and 10‐22 show that the result is highly sensitive to the quality of the Bypass:


A 60‐mph Bypass would result in an overall 5 percent decrease in ridership and revenue, with
a 10 percent reduction on the I‐70 corridor, due to the added time.



A 90‐mph Bypass would improve ridership and revenue by about 4 percent even though I‐70
ridership would be reduced by about 4 percent. This is due to increased ridership from the
new Peoria Street/Smith Road station and better DIA connectivity outweighing the negative
impact of the more circuitous Bypass option.

4

Ridership is measured at key segments north, south and west of Denver. For I-70 West, Loveland Pass to Keystone ridership is
used; for I-25 North the metric is the North Front Range to North Suburban segment, and for I-25 South, Lone Tree to Castle Rock
ridership is taken as the measure of corridor impact.
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At the individual corridor level as shown in Exhibit 10‐22:


I‐25 North: The effect of adding DIA connectivity and the new station at Peoria Street and
Smith Road is very positive for the I‐25 North corridor. The Peoria Street and Smith Road
station provides access not only to Aurora but also to the entire I‐225 corridor, including the
Denver Tech Center, via the Light Rail connection. Adding these stations is beneficial to the
I‐25 North ridership, even for the low‐speed 60‐mph Bypass option.



I‐25 South: The I‐25 South corridor has mixed results. A 60‐mph Bypass degrades ridership in
spite of new stations. However, a 90‐mph Bypass would improve I‐25 South ridership, since
the benefit of the added Peoria Street and Smith Road station now outweighs the added
travel time cost.



I‐70 West: The result for the I‐70 corridor and downtown Denver is always negative. While the
Peoria Street station does attract more I‐70 trips, the suppression of travel demand from all I‐
25 corridor stations results in a net loss to I‐70. Express trains that skip stops and ensuring
the Bypass alignment is built to the highest geometric standard could help at least partially
mitigate this adverse impact on I‐70.

While the Bypass option clearly adds value to the I‐25 North corridor, the case for the Bypass from I‐
25 South is weaker:


The I‐25 South corridor already has good access to Denver Tech Center and the I‐225
corridor from its Light Rail connection at Lone Tree. The Peoria Street and Smith Road
station does not add as much value to I‐25 South as it does to I‐25 North.



The Bypass network requires dividing I‐25 South train frequencies between DIA and
downtown Denver. Accordingly it is not possible to provide as many trains from the south
to DIA as would be possible if downtown Denver and DIA were combined onto a single line.



The Bypass network adds significant time and mileage to the I‐70 West connection,
suppressing connecting ridership and revenue.

Consideration of a “Hybrid” option that uses the Joint Line from the South with the Bypass
alignment to the north may produce an even better outcome. Doing this would improve I‐70
connectivity to I‐25 south and put DIA on the same line with downtown Denver, avoiding the need
to split the I‐25 South train frequencies. At the same time, it would still retain the benefits of the
added Peoria Street station and DIA connectivity for the I‐25 north corridor.

10.6.5 Risk Analysis Capital Costs
Exhibit 10‐23 shows the ranges of Capital Costs that were developed on a segment basis for
development of the Risk Analysis. The costs associated with the Dashed line segments are those
that were developed for the original 220‐mph Electric Rail Alternative. In contrast, costs developed
for the Bypass and other risk segments have been expressed as a range, with the Central Value
highlighted.
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Adding up the individual segment totals, Capital Costs (for the central case projection, from Lone
Tree to the Brush Line and E‐470) have been estimated as follows:


Denver infrastructure for the 220‐mph Electric Rail Alternative (at grade) is $1.409 Billion



Denver infrastructure for the 220‐mph Electric Rail Alternative (elevated over shared rail
segments) is $5.482 Billion



Denver infrastructure for the Bypass Option is $6.288 Billion

According to these calculations, the Bypass option is more expensive than elevating over the existing
rail through downtown Denver; however, this conclusion is largely driven by the high cost for the
entirely elevated I‐70 / E‐470 to downtown Denver segment, which at $2.604 Billion would cost
nearly as much as elevating over the Joint Line at $2.616 Billion.
If any portion of this East corridor alignment could in fact be brought down to grade level, it is
possible that this cost may be reduced. At the same time, as has already been discussed there may
also be an opportunity for substantially reducing costs for Joint Line access by coordinating with
BNSF Railway. It is recommended to continue working with both BNSF and UP Railroads in an
effort to develop the most cost effective access possible to downtown Denver, whether by the Joint
Line, East corridor, or even possibly both.
Exhibit 10‐23 shows that the capital cost of the Pando to Minturn segment would increase from $911
million for improving the existing rail line, up to $1,500 million for a new alignment. While a new
alignment would offer an opportunity for improving the geometry, if the existing rail line cannot be
used on this segment then Tennessee Pass may actually be more expensive than a Vail Pass routing.
If a lower gradient 4% alignment across Vail Pass could be identified, then Vail Pass could more
effectively compete with the Tennessee Pass alignment that was assumed in the FRA Developed
Option. The issues associated with development of either option require detailed engineering, and
should be further explored in the context of a future environmental study.
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Exhibit 10‐23: Risk Analysis Capital Costs
BNSF Brush
Line and E-470

KEY

$ 180 M

$ 660 M
( $550-$770 M )

Preferred Option
Risk Analysis
BNSF Brush
Line and 96th St

$ 1,403 M
Eagle
Airport

Minturn

$ 198 M

DIA

$ 660 M
( $550-$770 M )

$ 911 M

$ 2,155 M

$ 2,604 M

( $1,796-$2,514 M )

( $2,170-$3,038 M )

Sand Creek

$ 1,500 M
( $1,250-$1,750 M )

Pando

$ 159 M

Colorado
Springs

$ 111 M

$ 189 M

$ 559 M
( $466-$652 M )

( $920-$1,288 M )

Denver

$ 18 M
I-25 /
US-6

$ 1,104 M

I-70 /
E-470

$ 600 M
( $500-$700 M )

Fountain

$ 80 M
Note: The error band associated with Risk
Analysis estimates is shown in Red. This is in
addition to the normal +/- 30% error that is
associated with the normal feasibility-level
estimates from the Preferred Option segments.

$ 1,764 M
( $1,470-$2,058 M )

South
Suburban
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10.6.6 Non Compliant Equipment Savings
The current assumption for the 220‐mph Electric Rail Alternative is that it would employ very
powerful trains capable of climbing 7 percent mountain grades and that the trains could also be
made FRA‐compliant for sharing freight rights‐of‐way in urban areas. As compared to current
European off‐the‐shelf train designs this would require some customization or modification of
existing trains in order to meet a Colorado performance specification. However, there could be an
opportunity for cost‐savings if either the 7 percent grade‐climbing or FRA compliance specification
requirements could be relaxed.
In our discussions with European train manufacturers, it seemed that the 7 percent grade‐climbing
capability could readily be achieved simply by adding more power to the train. The simplest
approach for doing this would simply be to add power cars (such as TGV locomotives) onto the
front and back of existing European high‐speed trains. Although this solution would entail an
added cost for the power cars, from a technical point of view it was not considered difficult, nor
would adding power cars require significant changes to the train designs.
In contrast, European train manufacturers were much more reticent to discuss the issue of FRA buff
strength compliance, because this could require significant changes to the structural designs of their
trains. It is important to keep a balanced perspective on this issue, because the answer depends upon
whom one talks to. For example, Bombardier, a domestic manufacturer already has an off‐the‐shelf
FRA Tier II compliant train, so for them the need for FRA compliance is not an issue. But in the
interests of facilitating competitive equipment procurement, it is important to respect the views of
the European manufacturers by making an appropriate allowance for Engineering design changes in
the equipment cost.
For the purpose of this analysis, it was assumed that a 30 percent reduction in Equipment capital
cost could be obtained if off‐the‐shelf European train designs were employed without modification
(except for possible addition of power cars.) An additional 10 percent savings in energy and
equipment maintenance cost were assumed because of the 10 percent weight penalty that was
assumed for FRA‐compliant trains.
The results of this calculation are summarized in Exhibit 10‐24 and show that most of the anticipated
savings would come from the equipment Capital cost. This is because Capital cost comprises 72
percent of the Net Present Value (NPV) total costs in the Cost Benefit calculation; Operating Costs
NPV comprise only the remaining 28 percent of total costs. It was estimated that the operation of
Non Compliant equipment could reduce the cost NPV by an overall 2.9 percent resulting in a
corresponding improvement in the Cost Benefit ratios. However, while they do provide some offset
to the added costs, these savings in equipment Capital and Operating Cost are not sufficient to
outweigh the additional infrastructure cost associated with extensive elevated structures.

TEMS, Inc. / Quandel Consultants, LLC / GBSM, Inc.

March 2010

10‐31

Rocky Mountain Rail Authority
High‐Speed Rail Feasibility Study
Business Plan

Exhibit 10‐24: Non Compliant Equipment Cost Savings
Capital NPV:
72% of Total
Capital Savings:
 30% of Equipment

Overall NPV
Impact: 2.9%

 2.5% of overall Capital
Cost

 1.8% Capital Savings

 1.8% of Total Cost NPV

 1.1% Operating Savings

Operating NPV:
28% of Total
Operating Savings:
 10% of Fuel and
Equipment Maintenance
 3.7% of overall
Operating Cost
 1.1% of Total Cost NPV

10.6.7 Economic Results
Exhibit 10‐25 shows the Economic results for each alternative, in terms of a Best Case/Worst Case
analysis. The results of the 220‐mph Electric Rail Alternative are shown as a base for comparison.
The Best Case assumes Low Capital Costs, with high‐speed (90 mph average) on the bypass using
non‐compliant Equipment. The Worst Case assumes High Capital Costs, with low speed (60 mph
average) on the bypass using Compliant Equipment.
It can be seen that the Benefits for the 90‐mph Bypass are actually higher than for the 220‐mph
Electric Rail Alternative, implying that the addition of the Peoria Street and Smith Road station is
worthwhile, even if that alignment proves to be more expensive than the alternative DIA routing
along the north side of the wildlife refuge. It could in fact, be worth as much as $2.21 Billion (the
increase in Benefits NPV from $33.31 Billion to $35.52 Billion.) But the elevated segment from I‐70 /
E‐470 to downtown Denver costs $2.604 Billion, which is more than the benefits of adding the
segment. Nonetheless, the Peoria Street and Smith Road station could be a valuable addition to the
network if either the cost of the East corridor could be reduced, or if alternative access to the Joint
Line were foreclosed.
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Exhibit 10‐25: Economic Results: Best/Worst Case NPVs

Converting the results from Exhibit 10‐25 into ratios (for example, $33.31 / $22.35 = 1.49 Cost Benefit
ratio for the 220‐mph Electric Rail Alternative) the results of all scenarios are summarized in Exhibit
10‐26. In addition, since the geometry for the E‐470 bypass is not available and the speed capabilities
are still uncertain, the ranges for the two Bypass Option speeds have been combined to develop an
overall Best Case/Worst Case analysis. This shows that the Cost Benefit ratio for the Bypass option
could range from 1.14 up to 1.37, depending on the exact final cost and configuration of the Bypass.
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Exhibit 10‐26: Economic Results: Best/Worst Case Cost Benefit Ratios

Exhibit 10‐27 summarizes these results for each option, showing that the downside risk is 8‐23
percent on the Cost Benefit ratio. All the Risk Options are still viable, but they produce lower Cost
Benefit ratios than the original 220‐mph Electric Rail Option.
Exhibit 10‐27: Economic Cost Benefit Range Results
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In Exhibit 10‐27, it can be seen that the Bypass results have a greater error margin than does the
Elevated option. This is because of the added uncertainty related to the operating speed of the
Bypass. This uncertainty could be eliminated by developing a representative geometry for the E‐470
Bypass, comparable to what has already been done for other segments of greenfield alignment that
have been assessed by this study (such as I‐70 West and I‐25 North and South.) Additional work
could also narrow the range of engineering costs, which would hopefully improve the worst case
(1.14) result of this Risk analysis.

10.6.8 Risk Analysis Conclusions
All the Risk Options are still viable, but they produce lower Cost Benefit ratios than the original 220‐
mph Electric Rail Option. The downside risk is 8‐23 percent on the Cost Benefit ratio.
Routing the DIA line via Peoria Street / Smith Road station would be a definite plus, but its
economic and construction feasibility depends on resolving potential Right‐of‐Way conflicts with
Union Pacific Railroad and the RTD East Corridor. Through routing service via DIA is beneficial to
the I‐25 North corridor, but if the airport terminal is not served directly, this gain must be traded off
against any detrimental impact on DIA ridership and revenue. The tradeoffs on how to best route
intercity service to or past DIA, as well as how to coordinate such services with the planned RTD
East Corridor are very complicated. It is suggested that they be the subject of a detailed study in the
future.
In conjunction with the greenfield option, an east suburban Colorado Springs station, such as the
proposed location at Woodmen Road instead of downtown Colorado Springs, maintains ridership.
It should be noted that all Risk Analysis options have included a station in downtown Denver.
However, the options using E‐470 via Parker rather than the Joint Line from Littleton for access from
the south, impose a circuitry penalty for access to downtown Denver. In addition, such options
make rail operations more complex since the same train can no longer serve both downtown Denver
and DIA without backtracking. Most likely separate trains would have to be operated to each
destination. The efficiencies gained by being able to serve both stations from a single line, without a
branch line that requires splitting the train frequencies, would be especially important in Phase I of
the implementation plan (see Exhibit 10‐1) that launches a startup service to Colorado Springs.
Nonetheless, the risk analysis has found that if a rail line along E‐470 can be built with good
geometry permitting high operating speeds and limited local stops, and if Right‐of‐Way access can
be gained from E‐470 / I‐70 to downtown Denver at a reasonable cost, then the E‐470 Bypass option
could produce satisfactory economics and performance. This system would operate most effectively
only if downtown Denver were served as part of the through route to I‐70, which supports a
sufficient level of train frequencies. If the I‐70 corridor is not extended west of Denver it may be
difficult to support an adequate level of service frequency if downtown Denver is basically relegated
to the end of a branch line. For this reason, a Hybrid option utilizing the Joint Line for access from I‐
25 South along with direct service to DIA on the north might do even better than either of the
options evaluated here. It is recommended that this be considered in a future study.
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