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O’Hare Modernization Program

Summary

In February 2005, the City of Chicago (City) submitted a revised request for a Letter of Intent (LOI)
for a multiyear commitment of Airport Improvement Program (AIP) funding for Phase 1 of the
O’Hare Modernization Program. That submittal included a Benefit/Cost- Analysis (BCA) based
primarily on the delay reduction (measured in terms of changes in total aircraft travel time) benefits
anticipated to be produced by the project. At that time, the City indicated that the methodology used
in that BCA did “not attempt to quantify or consider all benefits associated with the project, but
rather illustrate that the aircraft travel time savings alone are sufficient to produce benefits that in all
cases exceed project costs. Thus, the benefit-cost ratios and NPVs (net present values) presented
here (in the original BCA) are based on underestimated benefits and would be expected to be higher
if a full accounting of project benefits were performed.” (LOI Application, pages iv, IV-1). The
Federal Aviation Administration subsequently requested that the City provide a supplemental BCA
incorporating a quantitative analysis of the benefits resulting from the increased capacity produced
by the proposed project. This document outlines the methodology, assumptions, and results of- that
supplemental analysis.

In this analysis, the capacity benefits of the project, i.e. the airport’s ability to process additional
traffic and passengers as a result of the proposed project, are estimated using consumer surplus as the
appropriate measure of the benefits of the project. Consumer surplus is defined as the difference
between what consumers must pay for a given level of service and what they would be willing to pay
for that same level of service. The FAA provided a document (included in Appendix C prepared by
GRA, Incorporated (GRA) which describes the approach to calculate the consumer surplus for an
airport project. The GRA methodology is based on information contained in Appendix C, Section
C.2 of the FAA Airport Benefit-Cost Analysis Guidance, December 15, 1999 (BCA Guidance).

In the original BCA prepared by the City, benefit-cost ratios were estimated for the OMP-Phase 1
Airfield Projects (Which consist of the OMP projects for which the LOI monies are being requested
and include the airfield components for which the City has received Majority-In-Interest approval
from the airlines and the supporting Program-wide requirements such as preliminary engineering,
wetlands mitigation, OMP-Phase 1 noise mitigation, land acquisition, and other miscellaneous
program-wide requirements) using the base assumptions as well as various sensitivity assumptions.
In addition, Appendix D of that document included benefit-cost ratios for the Master Plan Phase I
(which included the costs of all projects covered under Phase 1 as defined in the Master Plan Study
and Environmental Impact Statement, including but not limited to the costs of the Western
Concourse, Concourse K extension, Taxiway LL, etc.), the OMP Total Airfield (which included the
costs of all airfield components of the OMP but did not include terminal and other facility
development), and the Total Master Plan (which included the costs of all capital projects described
in the Airport’s Master Plan). This supplemental analysis uses the same project groupings and
focuses on the two Phase 1 definitions: OMP-Phase 1 Airfield Projects and Master Plan Phase 1.
These two scenarios differ in their cost data; however, their benefit streams are identical. As in the
previous analyses, 2001 is assumed to be the base year for the analysis, and all dollar values are
presented in 2001 dollars.

The City has reviewed the methodology provided by FAA, as prepared by GRA, and determined that
it is consistent with the FAA’s BCA guidance. While the City’s February 2005 BCA provided a
worst-case scenario to the estimation of project benefits by focusing only on aircraft travel time
savings resulting from implementation of the OMP, the methodology provided by FAA for this
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O’Hare Modernization Program

supplemental analysis provides a mechanism to quantify the benefits associated with the increased
traffic and passengers that can be processed by the airport as a result of the capacity increase
attributed to the project. It does not, however; provide a mechamsm for measuring the benefits of a
project that reduces’delay but does not increase capacity’; the February 2005 BCA does measure

" such a situation. This methodology utilizes sound, common: economic: principles_in -analyzing the - -~

benefits of the program. It relies on the principle that consumers make travel decisions based on the
value they receive for the price they are expected to pay. The following is a summary of the results of
the application of this supplemental methodology.

Summary of Results from BCA and Sensitivity Analyses

Present Present Net -
Value Value Present Benefit-
Benefits Costs Value Cost Other
Project (billions) (billions) (bil|ions)1 Ratio Information
BCA
Phase 1 - Airfield $12.4 $1.9 $10.5 6.5
Phase 1 - Master Plan $12.4 $2.6 $9.8 47
Sensitivity Analyses _
Elasticity of Demand : New Elasticity of Demand Values
Phase 1 - Airfield $1.9 $1.9 1.0 -8.00
Phase 1 - Master Plan $2.6 $2.6 1.0 -5.84
Future Enplanements New Avg. Annual Growth Rate
Phase 1 - Airfield $1.9 $1.9 1.0 2.01%
Phase 1 - Master Plan $2.6 $2.6 1.0 2.01%
Low-Growth Scenario Assumed 11% decline after 2018
Phase 1 - Airfield $5.0 $1.9 $3.0 2.6
Phase 1 - Master Plan - $5.0 $2.6 $2.3 1.9
Value of Time Assumed Value of Time
Phase 1 - Airfield $8.9 $1.9 $7.0 47 $0.00
Phase 1 - Master Plan $8.9 - $2.6 $6.3 3.4 $0.00
Money Fare Alternate’ Money Fare
Phase 1 - Airfield $8.9 $1.9 $6.9 4.6 $132.59
Phase 1 - Master Plan $8.9 $2.6 $6.3 3.4 $132.59
Multivariable Sensitivity : Low-growth, Alt. Money Fare
Phase 1 - Airfield $3.5 $1.9 $1.6 1.8
Phase 1 - Master Plan $3.5 $2.6 $0.92 1.4
Source: Ricondo & Associates, Inc.

Prepared by: Ricondo & Associates, Inc.

New runways at the World’s Busiest Airport are necessary. The State of Illinois legislature? has
determined this. The Administrator of the FAA® has determined this. The FAA’s Final
Environmental Impact Statement (EIS) has determined this. The information contained in this
supplemental BCA further substantiates that new runways are worthwhile investments. Consumers
will receive more value from a modernized O’Hare than they will from the existing O’Hare; this
supplemental BCA supports this conclusion.

! The equation provided by the- methodology discussed in Appendix C requires division by the difference between
the number of passengers in the scenario case and the number of passengers in the base case. Thus, one cannot -
divide by zero. '

2 O’Hare Modernization Act, Illinois Public Act 93-0450, 6 August 2003.

3 Marion C. Blakely, FAA Administrator, 4 August 2004.
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O’Hare Modernization Program

The methodology utilized in this supplemental analysis provides for an estimation of project benefits
at O’Hare. It does not account for the downstream benefits nor the additional system benefits,
expected to be significant, that would also be realized should the project be implemented. For
instance, reducing delays at O’Hare would provide benefits to other airports in the national aviation

--system because O’Hare is a-hub-for two-major-airlines.-1t is well documented that.delays.at O’Hare - ...

have repercussions throughout the country. Likewise, benefits of modernizing O’Hare would “ripple”
throughout the system. These additional benefits are not accounted for in this supplemental analysis.
Should they be accounted for, the BCA ratios would be even larger than those measured herein.

The costs associated with the OMP have been reviewed by the FAA and their Third Party Consultant
as part of the EIS process. They have found these costs to be reasonable, and documentation of this
finding is contained in Appendix B of this document.
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R Supplemental BCA Methodology

-~The: following" assumptrons and methodology-used ta. prepare-the BCA are in accordance. with the .. - -

FAA’s Benefit-Cost Analysis Guidance dated December 15, 1999 (the BCA Guidance) and the
Economic Values for Evaluation of FAA Investment and Regulatory Decisions, dated June 1998. The
methodology for the BCA process is outlined in the BCA Guidance and generally consists of the
following steps: ' '

« Establish the Objectives: As stated by the EIS, the proposed Federal action, which is the sub]ect
of the EIS, encompasses the following purposes:

« Address the projected needs of the Chicago region by reducing delays at O’Hare, and
thereby enhancing capacity of the NAS.

« Ensure that existing and future terminal facilities and supporting infrastructure (access,
landside, and related ancillary facilities) can efficiently accommodate airport users.

« Formulate Assumptions: Assumptions about future conditions at the airport being analyzed must
be clearly explained and documented because they form the framework against which the
alternatives are to be evaluated.

The FAA, as part of the Environmental Impact Statement (EIS) analysis for O’Hare, defined
a constrained forecast of activity that would be anticipated to occur without airfield
development at the Airport. The 2002 TAF, the most recent demand forecast available when
the EIS analysis began, was used for the unconstrained scenarios in the EIS. For the
purposes of this supplemental analysis, it is assume that demand would be constrained
following the implementation of Phase 1 if the OMP were not completed, and the FAA has
developed a constrained forecast of activity for this situation.

o Identify the Base Case: The Base Case is a reference point from which incremental benefits and
costs can be quantified. In the absence of major airfield construction (such as the OMP),
opportunities to increase airfield capacity at the Airport are limited. As such, the Base Case for
this BCA is defined as- the no action scenario. The Airport’s ongoing Capital Improvement
Program (CIP), which would occur regardless of the proposed LOI Projects’ implementation, is
included in the Base Case.

« Identify and Screen Alternatives: The FAA has identified and screened alternatives as part of the
EIS process. The Final EIS documents this screening process and identifies the O’Hare

Modernization Program as the preferred alternative. The City of Chicago also believes this is the

most effective solution to O’Hare’s problems; and, thus, this BCA is based on the OMP.

+ Define Evaluation Period: Consistent with the BCA Guidance, the evaluation period assumed for
this BCA is 20 years after the completion of construction. For the OMP-Phase 1Airfield, the
evaluation period ends in 2028.

. Determine Costs: Costs must be identified, quantified, and evaluated in total dellar amouvnts and

for each year of a project’s life. Typical costs include initial investments, such as planning and

construction of the main project as well as any enabling projects, and recurring investments,
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such as operation and maintenance (O&M) costs. OMP costs are discussed in Appendix B of
this document.

« Determine Benefits: Typical benefits include reduced delays, the ability to accommodate more

_ eﬁ' czent azrcraﬁ and/or larger azrcraft safer arzd more secure air travel and reduced

For purposes of this BCA, the benefit stream was calculated solely using benefits obtained from
consumer surplus. Consumer surplus is defined as the difference between what consumers must pay
for a given level of service and what they would be willing to pay for that same level of service.
Two benefits can be obtained from consumer surplus calculations: a reduction in total travel time and
a reduction in money fare. Other benefits of the OMP-Phase 1 Airfield, including greater schedule
predictability, ability to accommodate larger aircraft, and safety improvements are not considered at
this time. In addition, those system benefits beyond O’Hare are not accounted for in this analysis.
While this approach underestimates the overall benefits of the project, these benefits are not needed
to demonstrate the program’s justification. A discussion of the methodology used to calculate
benefits obtained from consumer surplus can be found in Appendix C. This appendix also includes
the GRA prepared-document provided to the City by the FAA.

« Compare Benefits and Costs: Most airport investments require resources at the outset of a
project in return for an annual flow of benefits over the long-term future. Because the costs are
incurred up front, and the benefits are returned over a longer time period, an analysis
recognizing the time value of money must be conducted to appropriately compare the benefits
and costs of alternatives to inform ultimate selection of the preferred alternative for development.
In the BCA, discounted benefits and costs are used to accurately compare project scenarios by
their NPVs and benefit-cost ratios. Section V presents the comparison of benefits and costs.
Detailed tables for these calculations can be found in Appendix A.

« Conduct Sensitivity Analysis: Sensitivity analyses are conducted to assess the ability of the
project to meet the BCA requirements under alternative assumptions regarding future demand
and economic values. This analysis is included as part of Section V, and detailed tables for these
sensitivity analyses can be found in Appendix A.

« Make Recommendation: Finally, a BCA must state whether a project should be pursued based
on the quantified benefits and costs, non-quantified benefits and costs, and sensitivity analysis.

Il Aviation Activity Forecasts

As previously discussed, the 2002 TAF is being used as the basis for the OMP EIS analysis. The
2002 TAF, which presents aircraft operations and enplaned passengers by user category at the
Airport through the year 2020, was prepared by FAA assuming the absence of any constraints to
growth in activity at the Airport. Selected at the initiation of the OMP EIS analysis, the 2002 TAF
remains the basis for EIS analysis even though subsequent TAFs were published in 2003 and 2004.
To maintain consistency with the DEIS, the 2002 TAF is the primary unconstrained forecast used in
this BCA.

Table II-1 presents the 2002 TAF of operations and enplaned passengers converted from federal
- fiscal years, which end September 30, to calendar years, and extrapolated through the evaluation
period using linear extrapolation. As shown, the 2002 TAF forecasts grow to approximately 1.2
million operations and 50.4 million enplaned passengers in 2018, the last year of the EIS analysis.
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Since initiation of the EIS analysis, the FAA has published a 2003 TAF and 2004 TAF, as shown on
Exhibit II-1 and Exhibit II-2 in federal fiscal years. Both the 2003 and 2004 TAFs contain
operations and enplaned passenger forecasts greater than those in the 2002 TAF. As previously
mentioned, the 2002 TAF is used in this BCA to maintain consistency with the EIS analysis.

In addition to the unconstrainéd"fdrrecast represe?lted bythe 2002 TAF, the FAAH,V as paft o’f’ th.er EIS o

analysis, developed a constrained forecast to represent the potential activity at the Airport if no action
is undertaken to improve Airport capacity. This constrained forecast was developed based on
simulation modeling efforts to reflect the assumption that growth in aircraft operations will cease
once delays exceed the level the airlines and FAA consider “acceptable”. The EIS analysis period

extends until 2018; however, this analysis extends through 2028. Data for forecast years after 2018 -

was obtained by extrapolating values at gradually decreasing annual growth rates. An additional
constrained forecast that includes the Phase I project is also used for analysis in this document. This
forecast also extends through 2028. Forecast values are identical to the 2002 TAF until 2016, after
which time values are extrapolated using gradually decreasing annual growth rates. In both
constrained forecasts passenger enplanements are expected to grow due to increased enplaned
passengers per operation and an increase in originating passengers. Both of these forecasts were
prepared by the Federal Aviation Administration. Table II-2 and Table II-3 present the constrained
forecasts for operations and enplanements.
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O’Hare Modernization Program

2002 FAA Terminél Area Forecast for O'Hare International Airport —

Total Operations and Enplaned Passengers (Unconstrained Schedule)

~Total-- - -
Operations

Total Passenger
Enplanements

Calendar 2002 Terminal 2002 Terminal

Year _ Area Forecast Area Forecast Extrapolation1

- 2002
2003
2004 2
2005
2010
2015
2018
2020
2025
2030

2032

922,787
960,500
976,544
992,855
1,072,706
1,149,402

1,194,000

31,710,512
32,609,000
33,633,730
34,606,477

40,280,622

46,367,491 -

50,372,000

! Linear extrapolation based on calendar year projections.

52,224,100

58,060,253
63,896,405

66,230,866

Source (Forecast). FAA, O’Hare Modernization Draft Environmental Impact Statement, January 2005.

Source (Extrapolations). Ricondo & Associates, Inc.
Prepared by: Ricondo & Associates, Inc.
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Exhibit 11-1

O’Hare Modernization Prog}am

FAA Terminal Area Forecast Comparisons for O'Hare International Airport — Total Operations

1,600 = e——
—e—2002 TAF
1,400 —- ~——2003 TAF
0 W 2004 TAF
E
S 1,200
2]
=
o
£ 1,000 -
"]
[
S
E 800 -r—f
[
-3
© 600 ——
o
T
3
[ 400 1
=
4
200
0 T T T . T — — —T T T T T -

Federal Fiscal Year

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: FAA.
Prepared by: Ricondo & Associates, Inc.
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Exhibit 11-2

O’Hare Modernization Program

FAA Terminal Area Forecast Comparisons for O'Hare International Airport — Enplaned Passengers
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Source: FAA.

Prepared by: Ricondo & Associates, Inc.
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Table I-2

O’Hare Modernization Program

Forecast for Constrained — No Project for O’'Hare International Airport — Total Enplanements

Total Passenger Enplanements

S - 2002 Terminal Constrained -~ -
Calendar Year  Area Forecast No Project

2002 31,710,512

2003 32,609,000

2004 33,633,730

2005 34,696,477

2006 35,798,962

2007 36,219,500
2008 36,957,132
2009 37,717,500
2010 38,481,562
2011 39,267,508
2012 40,076,189
2013 40,908,500
2014 41,680,693
2015 42,472,622
2016 43,284,845
2017 44,117,940
2018 44,972,500
2019 45,692,000
2020 46,423,000
2021 47,166,000
2022 47,921,000
2023 48,688,000
2024 49,321,000
2025 49,962,000
2026 50,612,000
2027 51,270,000
2028 51,937,000

Source: Leigh Fisher Associates, FAA TAF, and U.S. DOT data.
Prepared by: Ricondo & Associates, Inc.
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O’Hare Modernization Program

Table 1I-3
Forecast for Constrained Phase I-Airfield and Master Pian for O'Hare International Airport — Total
Enplanements :

Total Passenger Enplanements

2002 Terminal  Constrained —

Calendar Year  Area Forecast Phase |

2002 31,710,512

2003 32,609,000

2004 33,633,730

2005 34,696,477

2006 35,798,962

2007 36,943,000

2008 38,027,251

2009 39,149,000

2010 40,280,622

2011 41,450,619

2012 42,660,538

2013 43,912,000

2014 45,119,418

2015 46,367,491

2016 47,181,000

2017 - 48,110,000
2018 49,062,000
2019 49,994,000
2020 50,944,000
2021 51,810,000
2022 52,691,000
2023 53,587,000
2024 54,498,000
2025 55,315,000
2026 56,145,000
2027 : 56,987,000
2028 . 57,842,000

Source: Leigh Fisher Associates, FAA TAF, and U.S. DOT data.
Prepared by: Ricondo & Associates, Inc.

I Project Costs

To provide the basis for the BCA and NPV calculations, costs associated with the project must be
quantified to the extent possible. Quantifiable costs to be considered should consist of capital
investment and incremental O&M costs. Only those costs that are attributable to a project being
undertaken are to be considered. In other words, costs that would be incurred regardless of whether
or not a project is undertaken should not be considered. Appendix B of this document provides
information on the cost estimates utilized in this analysis, as well as the FAA’s review of those cost

estimates.
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In addition to capital investment costs, estimated incremental O&M costs are included for the
evaluation period. Incremental O&M costs for additional runway pavement were estimated at the
unit rate for budgeted 2004 Airfield Area O&M expenses for the existing runways adjusted to 2001
dollars using the” GDP Tmplicit Price Deflator. Note, the O&M costs for the Master Plan Phase 1
scenario were over-stated in the February 2005 BCA. The correct O&M costs are used here. Making
this adjustment to the February 2005 analysis would increase the associated benefits relative to costs.
In addition, the February 2005 analysis utilized incorrect cash flows for Taxiway M; these cash flows
have been corrected in this document and are reflected in Appendix B.

V. Project Benefits

The FAA BCA Guidance suggests that consumer surplus is an appropriate measure of benefits in
projects where ‘an investment for current users of the airport will allow the airport to serve a greater
portion of the unconstrained demand. The FAA’s EIS proves that the OMP and the OMP Phase 1
provide for significant increases in capacity; thus, making it reasonable to assume that a greater
portion of the unconstrained demand will be served. The primary benefits obtained from the OMP
will be in the form of lower total travel costs (travel time and money fare) and additional service.

V.1 Simulation Modeling

In the analyses undertaken as part of OMP planning and the EIS, operational delay and travel times
were assessed for the Base Case, OMP-Phase 1, and the OMP Total Airfield. These assessments
were undertaken using the Total Airspace and Airport Modeler (TAAM), developed by Preston
Aviation Solutions, a Boeing Company. TAAM is a fast-time gate-to-gate simulator of airport and
airspace operations that facilitates decision-making, planning, and analysis. TAAM has been used in
the United States for airfield and airspace assessments by the FAA, the National Airspace Redesign
team, American Airlines, Continental Airlines, Delta Air Lines, and Boeing Air Traffic Management,
among others. The FAA and its EIS consultant, known as the third party contractor (TPC), have
been actively involved in the TAAM simulation analysis of the OMP. As documented in the FEIS:

“An unprecedented series of TAAM simulation analyses were conducted by the City of
Chicago’s Consultant Team (CCT) with direction, oversight, review and approval by the
FAA and the TPC. The FAA and TPC participated in an intensive, nine-month review
process during the simulation effort. The objective of this process was to ensure that TAAM
input assumptions, modeling methodologies, and output data conformed to the industry best
practices in modeling and accurately reflected air traffic control rules and procedures. In
total, FAA invested over 2,000 hours reviewing assumptions, draft results, animations, and
final results. The FAA review was conducted by an Air Traffic Work Group, which
consisted of FAA Management and Natiorial Air Traffic Controller. Association (NATCA)
representatives from O’Hare Tower, the Chicago Terminal Radar Approach Control Facility
. (TRACON), and the Chicago Center (ZAU); FAA Airports Division; and the FAA’s TPC.” ¢

The simulation modeling showed that delays increase exponentially under the Base Case as demand
approaches capacity. Theoretically, delays can continue to increase to unrealistically high levels as
demand exceeds capacity for more and more hours of the day. However, these excessively high

* Source: FAA, O'Hare Modernization Final Environmental Impact Statement, July 2005.
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levels of delay may not be experienced, as the airlines and passengers may change their behavior to
avoid these delays. In response to increasing delays, airlines might increase average aircraft size to
accommodate forecast demand, shift connecting passenger traffic through other hub airports.

The FAA in its BCA Guidance recognizes: the limitations-on delay. growth, and suggests the need to
modify demand growth when delays exceed 15 minutes per operation and that demand should be
capped at approximately 20 minutes of delay per operation. Consistent with the BCA Guidance, the
FAA developed constrained activity forecasts in the EIS for the Airport to reflect the level of aircraft
operations at which FAA believes further growth in aircraft activity would cease due to delays
reaching “unacceptable” levels. As indicated in the EIS, the constrained forecasts developed by FAA
result in maximum average aircraft delays at the Airport of approximately 17 minutes per aircraft,
which is lower than the 20 minutes per aircraft threshold outlined in the BCA Guidance.

Iv.2 Simulation Results

As discussed earlier, simulation modeling using TAAM was performed to provide quantitative
information on the performance of the Base Case and the OMP-Phase 1 Projects. The simulations
used in this analysis are those originally prepared for the FAA EIS analysis. The methodologies and
assumptions used in the simulation modeling have been documented in numerous data packages
developed and published by the FAA in support of the EIS process.
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V. ' Benefit - Cost Comparison

The comparison of benefits and costs involves the calculation of NPVs and benefit-cost ratios

- (BCRs) based on-recognition of the time value of money in discounting the benefits and costs. = . -

Additionally, travel time savings must be converted into monetary values based on appropriate

assumptions regarding the value of passenger time.

The analyses performed in this section provide the benefit-cost comparison for the OMP-Phase 1
Airfield Projects. The following points outline relevant assumptions associated with the
quantification of these benefits and Table V-1 summarizes the assumptions.

« Base Year. Project benefits were evaluated using 2001 as the base year because OMP cost
estimates are in 2001 dollars in the LOI request, OMP EIS, and Airport Master Plan. Project
benefits and costs are stated in 2001 dollars in the year of accrual/expenditure, and benefits and
costs are discounted 7 percent per year in accordance with the BCA Guidance to calculate present
value. '

« Average Travel Time. The average travel time per operation was obtained from TAAM
simulations performed for the OMP. The travel time considered for this BCA is the Base Case

scenario. It is an average of the arrival and departure travel times and includes minutes of travel

delay.

« Passenger Value of Time. As set forth in the BCA Guidance, a blended rate accounting for the
value of O’Hare’s personal and business travelers’ time may be used. As described in FAA
Technical Report, Economic Values for Evaluation of FAA Investment and Regulatory Decisions
the specified value of passenger travel time is $40.10 per hour for business travelers and $23.30
for personal travelers. Results of the In-Flight Air Survey in 1997 by Landrum & Brown
indicated that business travel was the main purpose in 52.4 percent of trips while personal travel
was the main purpose of 47.6 percent of trips. Based on this passenger distribution, the weighted
average passenger cost for O’Hare is $32.10 per hour or $0.54 per minute.

« Average Segment Money Fare. The average segment money fare was compiled by Database
Products, Inc. and obtained from U.S. DOT sources. The value was determined to be $220.05.
However, this data source has certain limitations. For example, except under code-share
agreements, the O&D survey does not include foreign flag carriers nor does it include data from
air carriers flying aircraft with under 60 seats. The total revenue from passengers that have two
stops in their itinerary is included in this fare calculation. Limitations to this data are addressed
in a sensitivity analysis. Additional information about the average segment money fare can be
found in Appendix D. '

«  Elasticity of Demand. As set forth in the BCA Guidance, values of tota] elasticity of demand for
all travel distances are ~0.8 for business travelers and —1.6 for non-business travelers. When the
passenger distribution for ORD is applied to these values, the weighted value of the elasticity of
demand is —1.18.

"« Salvage Value. As set forth in the BCA Guidance, salvage value of the project may be
considered. The salvage value of improvements at the end of the 20-year evaluation period is
estimated to include only. the value of the land acquired for the projects. For purposes of this
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analysis, it was assumed that the value of the land remains the same as on the purchase date, and
the discounted value is included in the project benefits.

+  Sunk Costs. As set forth in the BCA Guidance, sunk costs of the project should be excluded from
~the BCA. Through 2003, approximately $105.1 million has been spent on Program—Wldev -
~Requirements and land acquisition. Therefore, this amount is considered a sunk cost in the BCA. =~

+ Evaluation Period. The evaluation period is the time period over which project benefits and
costs are calculated. As recommended in the BCA Guidance, the evaluation period extends for

-20 years after completion of construction.

Table V-1
Summary of BCA Data Sources and Assumptions
Input Data Source Assumptions
" Average Travel Time Base Case Phase | - TAAM Simulation Average of Arrival and Departure times for
(minutes) Results operations

Passenger Value of FAA-APO-03-1, Treatment of Values of
Passenger Time in Economic - Analysis,

Time ($/minute)
dated March 2003

Value of Passenger Time:
$23.30/hour (personal)
$40.10/hour (business)

A weighted value of passenger tlme was
used for calculations. Results from
Landrum & Brown's 1997 In-Flight Air
Survey indicated that the purpose of an air
trip was business 52.4 percent of the time
and personal 47.6 percent of the time.
Weighted Value of Passenger Time:
$32.10/hour

$00.54/minute

Average Segment U.S. DOT O&D passenger survey (10
Money Fare

Inc.

percent ticket sample), Database Products,

Except under code-share agreements, the
O&D survey does not include foreign flag
carriers nor does it include data from air
carriers flying aircraft with under 60 seats.
The total revenue from passengers that
have two stops in their itinerary is included
in this fare calculation. Limitations to this
data are addressed in a sensitivity analysis.

Average Segment Money Fare:

$220.05

Leigh Fisher Associates, FAA Terminal
Area Forecast, and U.S. DOT data

Base Case Total
Passengers
(millions)

‘An unconstrained forecast based on the

2002 TAF was used until 2007, after which
time a “Constrained-No Project” forecast
was used. “Constrained -No Project” data
through 2018 is from ORD OMP EIS. Data
after 2018 extrapolated.

Leigh Fisher Associates, FAA Terminal
Area Forecast, and U.S. DOT data.

Scenario Total
Passengers
(millions)

An unconstrained forecast based on the
2002 TAF was used until 2016, after which
time a “Constrained — Phase | Project”
forecast was used.

Present Vaiue of BCA Guidance

Total Benefits

Base Year: 2001 End Year: 2028
Discount Rate for NPV: 7.0 %
Salvage Value: $44.6 million
Sunk Costs: $105.1 million -

Scenario - Full Price  BCA Guidance
of Travel (elasticity ~ Table C.2: Total Elasticity of Demand

The same business/personal percentages
used to calculate the Value of Time were

of demand) For all Travel Distances: used to determine the Elasticity of Demand.
-0.8 (business) Elasticity of Demand:
-1.6 (personal) -1.18 (all travelers, all distances)
Source: Ricondo & Associates, Inc.

Prepared by: Ricondo & Associates, Inc.
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A Project Analysis .

Based on the information presented in Table V-1, and information on costs and travel time benefits
presented in prior sections of this document, the benefit-cost ratio and NPV were derived for the
OMP-Phase 1 — Airfield and Master Plan scenarios. These values are presented in Table V-2. As

 shown, the bénefit-cost rétio.is greater than 1.0-and the-NPV- is approximately$10.5 and $9.8 billion -

dollars, respectively. Supplemental information to illustrate the BCRs and NPV for the OMP-Phase
1 — Airfield and Master Plan can be found in Appendix A, Table A-1 and Table A-2.

It should be noted that implementation of the OMP is not expected to cause construction-related
impacts. Construction work will be performed landside wherever possible. This will allow for the
construction activities to occur “off-airport.” To the extent that construction activity must be
performed on the active airport, significant attention will be paid to minimize disruptions to existing
operations. Detailed planning sessions will be conducted with the FAA and the air carriers in order to -
provide for an implementation process that does not cause disruption to the existing operation. The
City of Chicago, through its O’Hare Development Program, the Midway Terminal Program, and. its
annual airfield maintenance work, has displayed a long track record for success in implementing
major construction projects.

This supplemental analysis provides for the quantification of benefits both with and without new
terminal facilities. The airfield operations in both of these scenarios are the same. The existing
terminal facilities at O’Hare have proven able to accommodate levels of passengers forecast to use
the airport in the scenario case, suggesting that new terminal facilities are not necessary at such
demand levels. However, this supplemental analysis illustrates sufficient benefits with respect to
costs even with the terminal facilities included. Therefore, one can assume that the landside facilities
will be available to process passengers in the scenario case comparable to those processed in the base
case.

Supplemental Benefit-Cost Analysis 16 August 29, 2005
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Table V-2

Benefit-Cost Ratio and Net Present Value (2001 dollars) ~ OMP-Phase 1 Airfield and OMP-Phase 1

Master Plan Projects }
Benefits from Consumer SurplusOnly .~ .. .

Present Value Present Value  Net Present

Benefits Costs Value
Project (billions) (billions) (billions) ' Benefit-Cost Ratio
OMP-Phase 1 Airfield Projects $124 $1.9 - $10.5 6.5
OMP-Phase 1 Master Plan Projects $12.4 $26 $9.8 - 4.7

' Total may not add due to rounding.

Source: Ricondo & Associates, Inc.
Prepared by: Ricondo & Associates, Inc.
V.2 Sensitivity Analyses : ,

Due to the risks involved in infrastructure development and the number of assumptions regarding
future conditions that occur in benefit-cost analyses, the analysis should be evaluated for its
sensitivity to certain basic parameters to confirm its economic viability. For this BCA, the following
sensitivity analyses were conducted for the OMP-Phase 1 Airfield Projects and the OMP-Phase 1
Master Plan Projects. These assumptions are used only to demonstrate the continued economic
justification for the OMP-Phase 1 Airfield Projects and the OMP-Phase 1 Master Plan Projects under

varying cost and schedule conditions and are not anticipated program changes.
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V.21.  Elasticity of Demand

“ To evaluate the range of elasticities of demand over which the projéct is cost beneficial, différent

values for the elasticity of demand were entered as model inputs until a cost-benefit ratio of slightly
greater than 1.0 was obtained. Table V-3 describes the range of elasticity of demand for each
scenario where the benefit-cost ratio is positive.

Table V-3
Range of Elasticity of Demand
Original Elasticity New Elasticity New Benefit-
Scenario Value Value . Cost Ratio
Phase | — Airfield -1.18 -8.00 1.0
Phase | — Master Plan -1.18 -5.84 1.0
Source: FAA Airport Benefit-Cost Analysis Guidance, December 15, 1999 and Ricondo & Associates, Inc.

Prepared by: Ricondo & Associates, Inc.

The range over which the elasticity of demand values will still produce a positive benefit-cost ratio is
quite large. The FAA has studied the elasticity of demand extensively, as noted by their BCA -
guidance. And their evidence suggests that elasticity levels are well within the range necessary to
produce a positive benefit-cost-ratio. A summary of the NPV calculations resulting from this
sensitivity analysis can be found in the Summary — Elasticity Sensitivity Analysis worksheet for each
scenario.

V.2.2, Future Enplanements

To evaluate the range of future demand over which the project is cost beneficial, the growth rate of
passenger enplanements was reduced to closely match the “Constrained” growth rate. This rate was
reduced to the minimum value possible while still achieving a benefit-cost ratio of one. An annual
average growth rate for each scenario was calculated for the forecast period (2002 through 2028).
The average annual growth rate used in each scenario is presented below in Table V-4.

Table V-4
Average Annual Growth Rate for Future Demand

Base Case Project Growth Project Growth New Benefit-

Scenario Growth Rate! Rate (Original)! Rate (Sensitivity)” Cost Ratio"
Phase | — Airfield 1.92% 234 % 201 % 1.0
Phase | — Master Plan 1.92 % 234 % 2.01% 1.0
Note:
1/ - Growth Rate refers to the annual average growth rate for the forecast period (2002 through 2028).
Source: Ricondo & Associates, Inc.

Prepared by: Ricondo & Associates, Inc.

An annual average growth rate of 2.01 percent results in an 8 percent reduction in paésengers in
2028. Expressed as a number of passengers, this is a 9.25 million-passenger decrease. A summary
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of the NPV calculations resulting from this sensitivity analysis can be found in Table A-5 and Table
A-6 of Appendix A.

Additional forecasts were evaluated to determine the impact of alternate enplanement scenarios on
project benefits. The 2003 TAF and 2004 TAF both show larger project enplanements than-

Constrained — Phase I forecast used in this analysis, and they were evaluated as the “high-growth”
- scenarios. The 2003 TAF in 2018 projects 56.3 million enplanements. This value is reached in 2027

of the Constrained — Phase I forecast. Thus, if a positive BCR is shown using this forecast, it follows
that using the 2003 TAF would also produce a positive BCR. The same comparison was made with
the 2004 TAF. In 2018 enplanements are project to reach 50.2 million. The Constrained — Phase I
forecast predicts this level of enplanements to occur in 2020. As stated in the case of the 2003 TAF,
if a positive BCR was obtained using the Constrained — Phase I forecast, then a posmve BCR will be
obtained using this forecast that predicts a larger number of enplanements.

Additionally, a “low-growt ” scenario was analyzed. The low-growth scenario was based on
assumptions found in Appendix R of the FEIS. The FEIS analyzed the effects of a loss of a hub
carrier at O’Hare and estimated it would result in approximately 11 percent fewer enplanements in
2018. While it would be expected that traffic at the airport would recover back to market demands
over time, this 11 percent reduction was conservatively applied consistently through 2028 in this
BCA. However, even with decreased passengers, both the Phase I — Airfield and Phase I — Master
Plan have a BCR greater than 1.0. Results are summarized in Table V-5. A summary of the NPV
calculations resulting from this sensitivity analysis can be found in Table A-7 and Table A-8 of
Appendix A.

Table V-5

Low Growth Sensitivity Analysis

Present Value Present Value Net Present

Benefits Costs Value
Project (billions) (billions) (billions) 1 Benefit-Cost Ratio
OMP-Phase 1 Airfield Projects $5.0 $1.9 $3.0 2.6
OMP-Phase 1 Master Plan Projects $5.0 $2.6 $2.3 1.9

! Total may not add due to rounding.

Source: : Ricondo & Associates, Inc.
Prepared by: Ricondo & Associates, Inc.

V.2.3. Value of Time and Money Fare Plausibility

The influence of the value of time on the benefit stream was examined by assuming a passenger’s
value of time to be equal to zero. When the value of time is equal to zero, a positive BCR is still
obtained for both scenarios. Phase I — Airfield has a benefit-cost ratio of 4.7, and Phase I — Master
Plan has a benefit-cost ratio of 3.4. A summary of the NPV calculations can be found in Table A-9
and Table A-10 in Appendix A.

Considering the value of time to be zero also allows for the change in money fare to be examined.
The original money fare value was assumed to be $220.05 per segment. At the end of the period, the
value is calculated to $200.88. This represents a fare reduction of approximately 8.7% between 2001

and 2028. This fare reduction seems plausible due to the interaction of the increéased supply at the -
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airport due to the infrastructure improvements and the projected increased passenger demand.  The
infrastructure improvements cause a shift (to the right) of the supply curve, and the demand curve is
downward sloping, thus the new equilibrium is found at a lower price point.

It should be noted: that as-demand at-the- airport reaches capacity; the FAA estimates that a greater .
portion of the traffic will be origin & destination as opposed to connectmg “This could eventually
cause a rise in fares over time in such a situation.

To further evaluate the money fare, R&A obtained an enhanced data set was obtained from Database
Products, Inc. This data corresporids to the first quarter of 2005, and it includes estimates of revenue
from Foreign Flag Carriers (T100 Data) and revenue estimates from non-reporting commuter airlines
(aircraft with less than 60 seats). The new dataset resulted in an average segment money fare of
$132.59, whereas the money fare used in the original calculation was $220.05. This new calculation
produced a benefit-cost ratio of 4.6 for Phase I — Airfield and 3.4 for Phase I — Master Plan. A
summary of the NPV calculations can be found in Table A-11 and Table A-12.

V.24, Multivariable Sensitivity Analysis

In order to evaluate the effects of multiple sources that reduce benefits, a multlvarlable sensitivity
analysis was undertaken. This sensitivity analysis examined the effects of the low-growth forecast
scenario in conjunction with the lower of the two money fare values. This resulted in a BCR of 1.8
for the Phase I — Airfield and a BCR of 1.4 for the Phase I — Master Plan. A summary of the NPV
calculations can be found in Table A-13 and Table A-14.

V1. Recommendation

This BCA has been performed in accordance with the BCA Guidance. Using a consumer surplus
calculation results in a BCR and NPV that far exceed the FAA thresholds. Sensitivity analyses also
confirm that values for elasticity of demand and forecast values for passenger enplanements can vary
significantly while still creating a positive benefit stream. This is also true of the money fare and the
value of time. The OMP-Phase 1 Airfield and the OMP-Phase 1 Master Plan Projects were
determined to have the economic justification necessary for FAA to consider the project for AIP
discretionary grants. A summary of the results from the Base Scenario and Sensitivity Analysis is
shown in Table VI-1.
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Table VI-1
Summary of Results from BCA and Sensitivity Analyses

Present Present -Net

Value Value Present Benefit-
Benefits Costs Value Cost Other
Project (billions) (billions) (billions)1 Ratio Information
BCA '
Phase 1 - Airfield $124 $1.9 $10.5 6.5
Phase 1 - Master Plan $12.4 $2.6 $9.8 47
Sensitivity Analyses :
Elasticity of Demand . New Elasticity of Demand Values
Phase 1 - Airfield $1.9 $1.9 1.0 -8.00
Phase 1 - Master Plan $2.6 $2.6 1.0 . -5.84
Future Enplanements New Avg. Annual Growth Rate
Phase 1 - Airfield $1.9 $1.9 1.0 2.01%
Phase 1 - Master Plan $2.6 $2.6 1.0 2.01%
Low-Growth Scenario : Assumed 11% decline after 2018
Phase 1 - Airfield $5.0 $1.9 $3.0 26
Phase 1 - Master Plan - $5.0 $2.6 $2.3 1.9
Value of Time Assumed Value of Time
Phase 1 - Airfield $8.9 $1.9 $7.0 47 $0.00
Phase 1 - Master Plan $8.9 $26 $6.3 3.4 $0.00
Money Fare ) Alternate Money Fare
Phase 1 - Airfield $8.9 $1.9 $6.9 46 $132.59
Phase 1 - Master Plan $8.9 $2.6 $6.3 34 $132.59
Multivariable Sensitivity : Low-growth, Alt. Money Fare
Phase 1 - Airfield $3.5 $1.9 $1.6 1.8
Phase 1 - Master Plan $3.5 $2.6 $0.92 14
Source: Ricondo & Associates, Inc.

Prepared by:  Ricondo & Associates, Inc.
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Appendix A
- Tables included in this appendix show detailed information regarding the NPV calculation used to

““calculate the BCR for the base scenarios and the sensitivity analyses.” A calculation of annual ~*'.

benefits and costs is included for the entire analysis period.
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Introduction

The following three (3) memoranda to file summarize the review of the City of Chicago cost estimates
presented in the 2004 Chicago O’Hare Master Plan (MP). This analysis of the MP cost estimates was
conducted for NEPA purposes and is not intended to prejudge separate agency processes related to Letter
of Intent (LOI) or Passenger Facility Charge (PFC) applications. This analysis was performed on each
individual component contained within the MP and was provided to the FAA. These components
include: ‘

1) O’Hare Modernization Program (OMP);

2) Capital Improvement Projects (CIP);
3) World Gateway Program (WGP).
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Memo To: File
From: Michael Doerfler

Subject: Analysis of Reasonableness in OMP Costs presented in the O’Hare Master Plan
Date: July 22, 2005

The FAA requested that CMT review the City of Chicago Master Plan Costs. This particular analysis
reviews the costs associated with the O’Hare Modernization Program (OMP). The OMP, as presented in
the Master Plan, was estimated at $6.6 billion in 2001 dollars. The original cost estimates were prepared
by the City of Chicago’s construction management team in January 2003 as stated in a June 1, 2005

memo to Mr. Phil Smithmeyer of the FAA from Ricondo & Associates. Included in this June 1, 2005
memo, was a summary of total costs inclusive of project and program contingencies as follows:

Summary of Total Costs in 2001 Dollars

1 Construction Costs $5,146,200,080*|

E’lanning, Design, CM & PM $589,000,7951
$686,083,349W

$6,421,284,22ﬂ
L $178,715,777

E’roject Contingency

rSub’cotal

Program Contingency
Total | $6,600,000,000 |

The documents provided by the City at FAA’s request were helpful in providing a greater level of detail
concerning the description of the component parts of the OMP portion of the overall project. The
information provided was titled “O’Hare Modernization Program — Project Rollup”, consisting of
approximately 65 pages which summarized projected costs for the various major airfield development
components of the OMP (conveyed in the June 1, 2005 email to Mr. Phil Smithmeyer of FAA from
Shawn Kinder of Ricondo and Associates). Each component was further broken down into identified
sub-component projects showing associated costs. The sub-component projects had supplementary
breakdowns of the total Project Budget shown in the Project Rollup as well as “Estimate Detail” which
identified what work items had been included in the cost estimate. CMT’s analysis included reviewing
the data for completeness and comprehensiveness followed by independent cost checks of selected project
elements. Approximately 50 line items from “Estimate Summaries” were checked with approximate
quantities and conservative unit prices based upon professional expertise, to determine reasonableness of
the City’s estimate. These line items represented approximately 50% of the total estimated OMP
construction costs.

Initially, review of the information provided by the City involved analyzing the completeness and
comprehensiveness of the listed program components and project work items. This review effort
indicated that the opinion of probable cost, as presented, was sufficiently detailed and that the major work
components and projects associated with the O’Hare Modemization Program were included in the

opinion of probable cost provided-by the City. Sufficient detail outlining the cost consideraticas for each

major construction component was evidenced in the summary of total cost and validated the legitimacy of
the projected costs. Further, a review of the cost summaries indicated that the estimated costs for the
major work elements as presented in the Project Rollup Summary are comprehensive and reasonable with
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expectations of upward adjustments due to annual cost escalations subsequent to the 2001 base year used
for the estimates.

Subsequent to the review for completeness and comprehensive inclusion of components, individual
projects were analyzed for reasonableness of cost by order of magnitude cost estimate calculations. Order

" of magnitude cost checks were performed for various components to evaluate the reasonableness of the .~

estimated costs for various components. Approximate quantity calculations and conservative unit prices
were used for these checks of the reasonableness of the costs presented in the back-up cost information
provided by the City.

Nearly 50 key components of the proposed construction were analyzed side by side. Of those
components, CMT specifically analyzed several of the runways, which are essential components of the
entire OMP and around which most other components are developed.  Some buildings, jetways,
roadways and specialty work items were analyzed to provide a wider spectrum to extrapolate the
reasonableness and the validity of the estimate. The review was based on historical unit prices for similar
airport and roadway construction work in the 2001 time period or other reasonable comparables. Below
is a sampling, in tabular form, of some of the major project components comparing the OMP construction
cost estimate with the order of magnitude checks done by CMT.
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Side-by-Side Comparison of Key OMP Construction Cost Components

Runway 10L/28R

& Assoc. Taxiways

OMP Project
Airfield . Rollup Budget CMT
Geographic ‘Work Element Budget Component Component Est. Review
Area Const. Cost

OMP North |.Runway 9L/27R & | Runway Pavement & Shoulders- .- - -820,934,000 |  $19,285,000
Airfield Assoc. Taxiways | Runway Blast Pads 1,173,000 © 1,116,900
Runway Edge Lighting System 1,722,000 1,563,000

Runway Centerline Lighting System 1,859,000 1,245,000

Runway TDZ Lighting System 1,770,000 1,652,000

Runway Guidance Signs 230,000 205,000

Runway NAVAIDS 9,800,000 9,560,000
New Taxiways 29,349,000 23,987,000
Taxi Guidance Sign 216,000 457,000

Taxi Edge Lighting Systems 3,816,000 3,210,000
ATCT & Utilities 21,449594 26,910,000
Runway 9C/27C & | Runway 9C Related Components 197,449,370 202,765,000
Assoc. Taxiways Runway 9C/27/C Pavement & Shoulders 38,371,000 36,585,000

Runway Centerline Lighting System '
Runway Edge Lighting System 2,437,000 2,343,500
Taxiway Pavement & Shoulders 97,698,000 100,417,000
Taxiway Edge Light System 11,761,000 11,550,000
Taxiway Guidance Signs 2,456,850 2,220,000
Runway 9R/27L & | Earthwork 20,427,000 13,740,000
Assoc. Taxiways General Drainage 12,310,000 6,650,000
Runway Pavement & Shoulders 9,895,000 10,264,000
Blast Pads ' 586,000 583,456
Runway Edge Light System 1,135,000 756,000
Runway Centerline Lighting System 785,000 690,000
Runway TDZ Lighting System 1,008,000 916,000
6,995,000 7,010,000

,068,000

Construction

ocate Irvmg Park Road & York Road

33,228,

22,443,000

34,

3

OMP

‘Westem Terminal

eld'S

Runway 10C/28 C Cargo & Maintenance Facility Relocation 147,510,660 130,712,880

Related :

Runway 10C/28C Runway Pavement & Shoulders 37,435,000 37,654,000

& Assoc. Taxiways | Runway Blast Pads 1,408,000 1,116,900
Runway Edge Light System 2,418,000 2,417,000
Runway Centerline Light System 1,924,000 2,184,000
Runway TDZ Light System 1,770,000 1,652,000
Runway Guidance Signs 366,000 500,000
Runway NAVAIDS 8,872,000

New Roadways & Related

9,560,000

55,228,000 41,500,000
| Western Complex Earthwork 17,206,000 17,218,000
Terminal Concourse & Apron | Apron Pavement Section 52,836,000 49,552,100
Complex Edge Lights System 665,000 649,000
Taxi Guidance Signs 63,000 160,000
Narrow Body Narrow Body Concourse Complete 247,003,550 237,553,000
Concourse Passenger Loading Bridges 32,711,116 33,637,500

Western Terminal- | Apron Pavement Section 63,918,000 59,674,000 |
Terminal & Apron Terminal Wide Body Concourse 399,466,360 362,610,000
L Widebody Terminal T-7 Jet Bridges 8,696,840 9,750,000
I | Parking Structure Parking Garage 65.569,000 55,151,000

: ‘ / 311,3

Totals

[ Complex Subtota

2,011,972,340

2,102,532,736
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In general, the cost breakdowns provided by the City appear to be reasonable and somewhat conservative
in consideration of the magnitude of scale and relatively high production rates potentially achievable with
large work areas and volume. For the line items examined, CMT’s review for reasonableness is
approximately 4.5% higher than the City’s estimate. The City’s estimate for the proposed people mover
system was the major difference in the line by line analysis. CMT was able to find only a single
comparable for review of this itemn. e

The soft costs assoe1ated with the constructlon budget the De51gn Program Management COI‘IStI'LlCthIlV o

Management/Field Supervision/Testing and Inspection represent a total of around 12.5% of the estimated
construction cost on most work elements. One could expect a range from 12% to 15% for this soft cost
depending on breakdown of projects and required effort by the program manager.

Project contingency factors as a percent of the construction budget varied from 10% on large paving
projects, 15% on building related work, 20% on demolition and 30% for specialty construction. Due to
the apparent level of effort and detail in preparing the program estimates, these contingencies appear
reasonable.

A broad scale evaluation of the project costs for construction of the four new runways under the OMP
was made comparing the OMP runways analyzed to new runways at five other large airports, Boston
Logan, George Bush (Houston), Sea-Tac (Seattle), Hartsfield (Atlanta), and St. Louis Lambert.

Comparison of Estimated Project Costs for Similar Runway Projects at Other Airports -

: Project Cost .
Airport Major Runway Improvement Estimate Base Cost | Cost Per S.Y.
(Runway and Year of Runway
Taxiway Area
Components)
Boston Logan | 5,000 x 150’ Runway $82,100,000 2002 $986
| George Bush (Houston) 8,500’ x 150’ Runway $144,000,000 2000 $1,017
| Sea-Tac (Seattle) 8,500°x150° Runway $364,000,000 1994 $2,569
| Hartsfield Atlanta 9,000°x150"Runway $653,366,000 2000 $4,356
| St. Louis Lambert 9,000°x150° Runway $376,000,000 2003 $2,507
[ Chicago O’Hare (OMP) Runway 10R/28L 7,500’ x 150° $232,164,896 2001 $1,858
Chicago O’Hare (OMP) Runway 9C/27C 11,245° x 200’ $306,762,181 2001 $1,227 |
Chicago O’Hare (OMP) Runway 9L/27R 7,500° x 150’ $400,533,743 2001 $3,205 |
Chicago Q’Hare (OMP) Runway 10C/28C 10,800 x 200° $487,735,000 2001 $2,033 |

Variations shown in the chart above could be the result of differences in supporting infrastructure such as
drainage, fill material, or other ancillary project components. This variation can occur from airport to
airport and also from runway to runway. '

Based on the above numbers, costs for the runway components of the O’Hare OMP prepared by the City
of Chicago appear to fall in the middle of the range of costs for large runway programs. The dollar
estimates for OMP Runways, purely on a cost per square yard of runway to be built, would indicate that
they are comparable to other programs.

In addition, CMT reviewed 1995 budgetary costs used for the Lambert St. Louis International Airport
expansion as a comparison for some of the major terminal building and specialty work.

- Overall, the City of Chicago OMP estimated costs for the base year 2001 appear to be reasonable aﬂd
representative of the probable cost for the OMP in that year. For purposes of this review under NEPA,
CMT-has concluded that the estimated costs considered wiihin this. sample analysis are reasonable..
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Memo to: File

From: Bruce Jacobson, Michael Doefler, Matt Demos
Subject: Review of Master Plan (MP) Capital Improvement Projects (CIP)
Date - July 20, 2005 '

The FAA requested that CMT review the City of Ch1cago MP costs. Thls part1cula1 analy81s reviews the
Capital Improvement Projects (CIP). This memo is developed to review the reasonableness of the City’s
representations in the MP for the CIP Costs for the OM EIS. Attachment A is a copy of page VII-24
from the Master Plan. The CIP costs are identified as follows: '

(2003-2007) - $1,386,151,000
(2008-2020) - $2,742,121,000
Total $4,128,000,000

The City of Chicago provided a three volume set of the City’s most recent CIP document entitled “Capital
Improvement Program”, O’Hare Cost Reports — Volumes 1,2, and 3, dated May 2005. These documents
shall be referred to as CIP 5/05. These documents served as the basis for CMT’s analysis of the CIP
dollars presented in the MP. The proposed projects contained within the CIP 5/05 range in years from
1998 to as far out as 2012. An examination of the projects initiated in 2003 or later and planned through
2012 or sooner represents that the average annual CIP for O’Hare is approximately $114,000,000. See
Attachment B.

This analysis is generated to compare the average annual CIP dollars set forth in CIP 5/05 against the CIP
dollars presented in the MP. Because there is little specificity for the “Subsequent Years (2008 — 2022)”
in the master plan, this analysis assumes that an ongoing program “essentially a repair and replacement
program” will continue. Further, assuming that a build alternative is identified in the OM EIS and
approved in the Record of Decision (ROD), the magnitude of an ongoing CIP, post OM development
(2013), could likely be somewhat diminished because the airfield will be essentially new and requiring
little, if any, repair or replacement. :

The MP CIP for subsequent years (2008 — 2022) is presented as $2,742,121,000 and is escalated. "An
annual average for CIP would be approximately $183 million per year. Comparing the annual average
CIP dollar amount presented in CIP 5/05 of $114 million against the $183 million per year presented in
the Master Plan would suggest that the City has adequately budgeted for CIP in the Master Plan. Further,
by extrapolating the average annual CIP dollars presented in CIP 5/05 of $114 million/year from 2008 —
2022 yields a total amount over the 15 year “Subsequent Years” (without escalation) of approximately
$1.71 Billion. Attachment C has been added to reflect the average annual amount in 2004 dollars which
could be available with escalation ranges from 1% to 4% apphed to the $2 742,121,000 CIP Budget
presented in the Master Plan.

‘When one examines the five year CIP (2003 — 2007) presented in the Master Plan there is some degree of
specificity. However, as of the date of this memo there are only 17 months left on the five year CIP
(2003 -2007) presented in the MP. In this analysis, it appears more prudent to consider the use of the
information in the CIP 5/05 as more recent and representative of the actual value of the CIP as the City
goes forward.

To conclude, the CIP. dollars presented in the MP appear reasonable, if not somewhat high based upon

more recent information presented in CIP 5/05. For purposes of this analysis undér NEPA, CMT -~ - =~

concludes that the estimated costs associated with the MP CIP are reasonable.
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CIP ATTACHMENT A

O’Hare International Airport

7.3.2 CIP Costs

The CIP addresses the Airport’s facility needs and is essentially a repair and replacement program

that ensures the Airport will be able to operate throughout the planning horizon. The 20-Year CIP
includes the following types of projects: terminal support improvements, terminal improvements, 7
" airfield improvements, H&R system improvements, certain noise mitigation projects, fuel system - -
improvements, and safety and security enhancements. The estimated cost for the 20-Year CIP is $4.1
billion in escalated dollars, as presented in Table VII-3.

Table VII-3
CIP Cost Estimates (Escalated Dollars)
Project Cost
—(8000s)
Five-Year CIP (2003-2007)
Terminal Support Improvements $200,264
Terminal Improvements 425,622
Airfield Improvements 372,198
~ Heating and Refrigeration - 102,761
Noise Mitigation Projects 37,305
Fueling System 98,934
Safety and Security 145,734
Planning and Other Projects 3,333
Subtotal - Five-Year CIP $1,386,151
Subtotal -~ Subsequent Years (2008-2022) $2,742,121
Total 20-Year CIP Cost (escalated doflars) ¥ $4,128,274

1/ Total may not add due to rounding.

Source: City of Chicago, Depariment of Aviation.
Prepared by: Ricondo & Associates, Inc.

7.33 WGP Costs

The WGP was conceived to expand gate capacity through construction of new terminal complexes -
and enabling projects and provide additional improvements within the Terminal Core Area. In
December 2000, the City commenced work on the formulation of WGP Phase 1.. In September 2002,
in light of changed conditions in the industry and the economy, the City and the airlines agreed to
suspend work on the WGP. The City’s design-build contractor for the Terminal 6 Complex was
directed to complete its 30 percent design submittal and demobilize. All other formulation work was
suspended. Work will resume consistent with demand. The WGP is comprised of the following two

phases:

"« Phase 1. (1) construction of a new Terminal 6 Complex (including terminal and
concourse facilities, curbfront and circulation roads, parking structure, realignment of
ierminal access roadways); (2) realignment of the ATS; (3) construction of a Concourse

K extension; (4) Terminal 2 interior upgrades; and (5) reconfiguration of Taxiway A/B™
and construction of new Taxiway N.

O'Hare International Airport Master Plan VIiI-24

Implementation Plan
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CIP ATTACHMENT B

City of Chicago - Department of Aviation - Capital improvement Program
Actlve Projects as of May 2005

Construction | Approxii Cost/Year Over a
No. Approved Budget Planning Start Complete " Typical 5-Year Period(al
$16.449,276 Jan0 Jan-06 $3,289,856
$3,600,000 Nov-87 Dec-03
$250,000 Oct-02 Dec-04
- $185,000 Jan-00 Jan-00 -
- 548,121,836 Apr-02~ - - ~0ck07 -~ P o
$55,444 404 Mar-99 Mar-07
$139,080,6 Aug-02 Jan-07
$67,000 May-04 Oci-04 $13.400
$84,103,673 Sep-04 Feb-0i $16,820,735
10 4,824,84 Jan-02 Sep-0
11 7,856,000 Apr-02 Jut05
2 596,317 Nov-02 Jun-07
[ 1 185,19 Aug-02 Sep-05
[ 14 1,634, Apr-02 Jun-05
15 3,877,913 May-03 Feb-06 $775,583
16 50,00 Jur-03 Apr-05 $10,000
1 $14,459,347 Dec-03 Dec-0! 2,891,869
1 $35,000,000 Apr-03 Aug-0! 7,000,000
[ 9,500,000 Nov-04 Nov-0 1,900,000
[ 2 $23,599,84 Juk03 Feb-06 4,719,968
1 1,041,52 Oct-04 Feb-06 $208,304
[ 2 2,403,33 Jan-00 Dec-04
I 3 $732,60 Jan-05 Nov-06 $146,520
4 $702,10 Jul-04 Nov-05 $140,421
5 $3,362,04 Aug-98 Jui-05
26 $12,500,00 Jan-02 Dec-05
27 1,292,000 Feb-99 Nov-0
28 3,263,00 _Sep-98 Sep-04
1,720,44 Feb-01 Dec-04
8,868,16 Oct-04 Jan-08 $1,773.632
2,796,652 Jul04 Nov-05 $559,310
2 3,114,540 Oct-04 Dec-07 $622,908
33 $61,050 Jan-05 Apr-05 $12,210
I 4 7,900,000 Apr- Dec-04
$10,117,746 Jan-0 Dec-04
1,713,624 Jan-0 Dec-04 ]
4,675,615 Aug-03 Aug-05 $935,123
$962,973 Apr-04 Juk05 $192,595
39 $7,745,72 Oct-0 Ogt-05 $1,549,145
4 $11,675,64 Jan-0! Dec-05 $2,335,128
4 $14,149,87. Feb-D: Sep-06
42 2,227, Juk02 Juk-05 ]
43 5,185, Jun-04 Feb-07 $1,037,108
44 $851, Jan-0i Oct-0 70,336
45 $2,910, Oct-04 Jan0 582,026
46 $943,266 Jan-i Oct-0 88,659
4 $11.246,632 Dec-0 May-05 ]
4 $2,738,728 Apr-03 Sep-04 $547,746 B
4 $214,929 Apr-00 Dec-04
$2,025,623 Apr-02 Jun-05
5 $9,025.460, Aug-04 Apr-0E $1,805,002
$380,000 Jan-05 Dec- $76,000 ]
$16,920,151 Dec-04 Dec- $3,384,030
4 $22,615,426 Feb-04 Dec- $4,523,085
55 2,718,170 Feb-04 Dec- $543.634
56 1,758,893 Feb-04 Dec-12 351,779
1,500,000 Feb-04 Dec- $300,000
$522,726 Feb-04 Dec- 104,545
043,190 Feb-04 Dec- $1,808,638
0 090,900 Feb-04 Dec: $418,180
,524,76: Feb-04 Dec- $504,953
1,148.02 Feb 04 Dec- $229,604
$152,049,52 Mar-0. Dec: $30,589,805
64 47,260,08 Feb-0 Dec- $9,452,016
65 $37,450,80 Feb-0: Dec-0f $7,490,160
66 $21,630,000 Dec-0 Dec-08
67 $43,908,900 Jan-0; Dec-08
8 $128,293,000 Oct-0 Jan-06
9 $2.440,000 Oct-0; Dec-04 $488,000
0 $16,060,000 Qct-0 Dec-04 $3.212,000
TOTAL= $1,115,268,905 $113,704,202

Notes: (a) Only the CIP projects iniiated in 2003 or later, and planned through 2012 or sooner, were considered,
{b) Although some projects are planned to extend beyond a S-year period, tha total estimated CIP costs per year over a typical 5~
year period yields a higher figure and was used for a more conservative approach.

Total number of CIP projects initiated in 2003 or later, and planned through 2007 or sconer
Total estimated cost of CIP projects initiated in 2003 or later, and pianned through 2007 or sooner
ar of CIP projects initiated in 2003 or later, and planned through 2007 or sconer

Total estimated cost per ye:

Total number of CIP projects initiated in 2003 or later, and planned thraugh 2012 or sooner

Total estmated cost of CIP projects initiated in 2003 or later, and planned through 2012 or sooner

Total estimaled cost per year of CIP projects initiated in 2003 or later, and planned through 2012 or sooner
r year of CIP projects initiated in 2003 or later, and planned through 2012 or sooner

Total estimated cost

oo

28
$214,497,327
542,899,465 Iyaar (5-year period)

42
$568,521,008
$56,852,101 jyear (10-year period)
$113,704,202 jyear (5-year period
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CIP ATTACHMENT C |

OMP. VALUE OF 2008-2022 CAPITAL IMPROVEMENT PROJECTS IN 2004 DOLLARS

COMPOUNDED ESCALATEDI: COMPOUNDED ESCALATED
e " YEAR| = RATE] - RATE AMOUN YEAR| RATE RATE AMOUNT]|
2004 1.04 2004 1.03)
20054 1.04 1.04 2005 1.03] 1.03
200 1.04 1.081 2008 1.03 1.060!
200 1.04 1.124864] 2007| 1.03] 1.092727| ) 7
2001 1.04 1.16985856] $136,938,49 2008H 1.03] 1.12550881 $147,427,964)
200 1.04 1.21665290 $142,416,03 2009 1.03 1.169274074 $151,850,80:
201 1.04] 1.26531901 $148,112,679 2010 1.03 1.184052297| $156,406,32
2011 1.04 1.315931779 $154,037,186 2011 1.0 1.220873865 $161,098,51
201 1.04 1.36856905 $160,198,67 2012 1.03] 1.266770081 $165,931,47.
201 1.04 1.42331181 $166,606,620 2013 1.08 1.304773184 $170,909,41
2014 1.04] 1.48024428! $173,270,885: 2014 1.03 1.34391637 $176,036,69!
201 1.04 1.53945405 $180,201,720 2015 1.034 1.384233871) $181,317,79
201 1.04 1.60103221 $187,409,789 2016 1.03| 1.42576088 $186,757,33
201 1.04 1.665073507] $194,906,181 ! e 2017 1.03] 1.46853371 $192,360,053
201 1.04 1.731676448 2018 1.03) 1.512589724 $198,130,855
201 1.04 1.8009435006 2019 1.03] 1.557967417)| $204,074,781
2020 1.04 1.872981244] $219,242,946 20204 1.03 1.60470643 $210,197,024)
2021 1.04] 1.947900496 $228,012,66 2021 1.03] 1.65284763: $216,502,935
202 1.04 2.025816515 $237,133,170|k 2022 1.03 1.702433061 $222.998.02]
23.4247654) $2,742,000,00 20.93324144] $2,742,000,00
ESCALATED AMOUNT $2,742,000,000 ESCALATED AMOUNT $2,742,000,000
2004 AVERAGE ANNUAL AMOUNT $117,055,601 12004 AVERAGE ANNUAL AMOUNT $130,987,836
2004 AMOUNT - s1,755,sa4.02r1 0.640 064 AMOUNT s1.964,e17.s4:T 0.717)
COMPOUNDED COMPOUNDED ESCALATED
YEAR RATE RATE YEAR] RATE] RATE AMOUNT]
1.02 2004 1.0t
1.02 1.02) 2008] 1.01 1.01
1.02 1.0404] 2006 1.01 1.0201
1.02, 1.06120 2007, 1.01 1.030301
1.02 1.0824321 2008 1.01 1.04060401 $170.343,405
1.02] 1.10408080: 2008 1.01 1.05101009 $172,046,839
1.02 1.12616241 2010] 1.01 1.061520151 $173,767,30
1.02 1.14868566! 2011 1.01 1.072135352 $175.504.98f11
1.02 1.171659381 2012 1.01 1.082856706 $177,260,031
1.02 1.19509256! 2013 1.01 1.09368527 $179,032,631
1.02] 1.2189944 2014, 1.01 1.10462212 $180,822,957,
1.02] 1.24337430 2015 1.01 1.11566834 $182,631.18’;
1.02] 1.26824179! 2016} 1.01 1.1268250 $184,457,499
1.02] 1.2936066. 2017} 1.01 1.1380932 $186,302,074]
1.02] 1.3194787 2018 1.01 1.14947421 $188,165,094]
1.02 1.34586833; 2019 1.01 1.160968955 $180,046,745
1.02 1.37278570! 2020 1.01 1.172578645 $191,947,21
1.02 1.40024141 2021 1.01 1.184304431 $193.866.683
1.02 1.42824624 20224 1.01 1.19614747¢ $195,805,35:
18.7189506: -16.75049404 $2,742,000,000
$2,742,000,00 SCALATED AMOUNT $2,742,000,000
$146,482,57 004 AVERAGE ANNUAL AMOUNT $163,696,664
$2,197,238,5 0:801|; 004 AMOUNT $2,455,449,964) 0,895
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Memo to: File

From: Matt Demos

Subject: Review of Master Plan (MP) World Gateway Program (WGP) Cost Estimate
Date: July 23,2005

reviews the costs associated with the World Gateway Program (WGP). CMT conducted an order of

- magnitude review of the WGP cost estimate summary (in 1999 dollars) provided in Table VII-4, on page
VII-25, of the City of Chicago’s 2004 Master Plan for O’Hare International Airport (see Attachment A).
The review by CMT indicated that the costs presented appear reasonable and representative of the
probable costs for WGP in 1999, with expectations of upward adjustment due to annual cost escalations.

This review of the City’s cost estimate was based on broad scale historical unit prices for similar
construction work. Additionally, a comparison was made to similar projects (i.e., terminal buildings and
associated facilities) at other major airports that have recently been constructed or are in the planning
stages. '

Upon review of the WGP project description and costs presented in the City’s 2004 Master Plan, and in
the 2001 Request for Letter of Intent (LOI) Funding Application (Section D.1 of Appendix D) for the
WGP and related improvements, a cost comparison was made to other terminal building/facility projects
currently planned or constructed at other major airports throughout the country (see Attachment B).
Based on the comparison of average total cost/gate of WGP to these other terminal projects, which in
almost all cases the WGP terminal project cost estimates were 2 to 8 times higher, it would appear that the
City has adequately budgeted the WGP terminal projects in the Master Plan. Additionally, when a
comparison was made to estimated total cost/square foot of terminal space, the results also suggest that
the estimated WGP project costs were reasonable, 1f not conservatively high.

Two separate WGP cost estimates were presented, one in the 2004 Master Plan, and the other in the 2001
LOI application. However, the cost estimate presented in the 2004 Master Plan is more recent, and
appears to more adequately reflect the current project components of the WGP. This is primarily due to
the reduction in scope of the WGP since the LOI application, most significantly, the exclusion of the re-
development of Terminal 2. However, the cost estimates in each document utilized the same project
contingency rates as stated in the City’s July 20, 2005 letter (see Attachment C), and included all
applicable soft costs (i.e., architectural/engineering design, construction management, etc). A 20 percent
contingency factor was used for Hard Construction Costs (measured quantltles) and an approximate 15
percent contingency factor was used for Delivery/Scope contingencies.

Based upon the information provided by the City of Chicago in the 2004 Master Plan, the 2001 LOI
Application, and the information presented herein, CMT concludes that for purposes of this analysis
under NEPA, the estimated costs associated . with the WGP (1999 dollars) are reasonable and
representative of the probable cost for the WGP in that year.
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WGP ATTACHMENT A

|
O’Hare International Airport f

« Phase 2: (1) construction of a new Tenﬁinal 4 including an FIS facility and (2) ‘
construction of a Terminal 2 FIS facility.

_ The WGP design included a reconfigured Terminal 2 with a new FIS facility. For the purpose of the ‘ :
Master Plan, tlis component of the' WGP is not- inclided (as discussed in Section 5.2) and the =~ T |
program cost is adjusted accordingly. However, such improvements to Terminal 2 are not precluded
from future development. : ‘,

The estimated cost of the WGP is approxnnately $2.6 billion in 1999 dollars, as shown in
Table VII-4. The first full year of operation is assumed to be 2013.

Table VII-4
WGP Cost Estimates (1999 Dollars)
Project Cost
$000s
Airport-wide, Airfield, and Airside Projects $243,830
Terminal 2 FIS Facilities $78,680
Terminal 4:
Enabling Projects $99,130
Apron and Fueling 88,680 .
Roadway/Access/ATS 79,030
Terminal . 639,490
Utilities ] 62,050
Subtotal — Terminal 4 $968,380
Terminal 6
Enabling Projects ‘ $70,560
Apron and Fueling: 48,340
Northern Extension 108,980
Parking Structure . 114,220
Roadway/Access/ATS 244,450
Tenant Relocations 35,510
Terminal 546,550
Utilities 184,300
Subtotal - Terminal 6 $1,352,810
Total WGP Cost (1999 dollars) $2,643,800

Source: Landrum & Brown; Project components included in OMP Master Plan selected by Ricondo & Associates, Inc.
Prepared by: Ricondo & Associates, Inc.

7.4 Financial Feasibility

" This section demonstrates the City’s ability to fund the Master Plan development. The
implementation schedule contained in Table VII-1 was utilized for the purposes of demonstrating
financial viability; however, actual financial strategies and plans will be determined during the
“implementation process. The following topics are presented in this section:

O'Hare Intemnational Airport Master Plan Vil-25
implementation Plan
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WGP ATTACHMENT B
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WGP ATTACHMENT C

RICONDO

& ASSOCIATES

MEMORANDUM , , e _ VIA E-MAIL .
Date: July 20, 2005
To: Bruce Jacobson

Crawford, Murphy, & Tilly, Inc.

From: Shawn M. Kinder _ [ORIGINAL SIGNED]

Subject: WGP Cost Estimates

The Master Plan for O’Hare International Airport details those elements of the long-planned
World Gateway Program (WGP) that are currently being proposed for implementation by the
City of Chicago. These WGP elements are also illustrated on the October 2003 Airport
Layout Plan. The costs for these currently-planned WGP elements are listed in Table VII-4 of
the Master Plan.

As you are aware, the City of Chicago originally announced the WGP several years ago, and
this program was the subject of an Environmental Assessment (EA). In addition to the EA,
the City of Chicago submitted to the Federal Aviation Administration in February 2001 a
Request for Letter of Intent (LOI) Funding for the WGP and related improvements. This
Request for LOI funding document details the cost estimates for WGP and describes the soft
cost assumptions, including contingencies, utilized in the estimates.

Appendix D of the February 2001 Request for LOI funding document describes the cost
" estimate assumptions. -As stated in Section D.1, the Hard Construction Costs include
quantities estimated with a 20 percent contingency. In addition, the various components
include Delivery Contingency of approximately 6 percent and Scope Contingency of
approximately 9 percent. In other words, the WGP costs estimates, as described in the
February 2001 Request for LOI funding document, include contingencies of approximately
15 percent in addition to the unit quantity contingency of 20 percent. Figure D.1 of the
Request for LOI funding document further describes the components of this cost estimate.
Also, please note that the unit costs utilized in this cost estimate were based on historical
costs of work at O’Hare International Airport, factoring in those costs relative to the Chicago
market.

- The WGP cost estimates described in the Master Plan are based on those cost estimates
‘utilized in the February 2001 Request for LOI funding. The cost estimates in the Master Plan-- —
utilize the same contingency mtes as those described in the Request for LOI funding
document. As you are aware, some elements of the original WGP have been removed from
the plans, and, thus, the overall scope has been reduced (most significantly, the Master Plan

20 NORTH CLARK STREET, SUITE 1250, CHICAGO, ILLINOIS 60602
Telephone (312) 606-0611 Facsimile (312) 606-0706

CHICAGO - CINCINNATI - MIAMI - SAN ANTONIO : SAN FRANCISCO - WASHINGTON, D.C. Page 13



WGP ATTACHMENT C
Continued (

RICONDO

& ASSOUTIATEE

MEMORANDUM .. e R , }
Bruce Jacobson T o e e L ' !
Crawford, Murphy, & Tilly, Inc.

Tuly 20, 2005

Page 2

and the October 2003 ALP do not include the re-development of Terminal 2). Note, the
Master Plan costs are listed in 1999 while the Request for LOI funding document lists the
total costs in escalated terms.

The WGP costs listed in the Master Plan include all applicable soft costs and contingencies
Thus, escalation of the Master Plan’s $2,643,800,000 (1999) to current year dollars would
include an escalation of the contingencies as well as all other hard and soft costs.

Please let us know if you have any questions or require additional information.

cc: M. Boland, OMP
P. Smithmeyer, FAA
M. Schneiderman, OMP
02-01-0215-01-4120
Read File
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Crawford, Murphy & Tilly, Inc.

CMT has provided a full range of airport engineering and planning services to airports since
1946. The firm has performed such work at over 100 civilian and military airports in 20 states
* throughout the country. Engineering News Record (ENR)-has ranked CMT among the top 25
aviation engineering firms in the nation since 1999. '

CMT provides services to airport facilities of all sizes and is experienced in both civilian and
military airport design. CMT’s military experience includes being selected five times in a row by
the U.S. Army Corps of Engineers to prov1de Indefinite Delivery Services for airfield pavements
worldwide since 1992.

The 65 staff members of CMT’s Aviation Services group consist of professional engineers
focused exclusively on airport design and construction. Detailed cost estimates are a key element
of project services provided by these individuals in the planning and design of airport projects. In
addition to providing design and cost estimating services for several hundred airport projects over
the past few years, these professionals assist several airports in the development of their 5-year
capital improvement plans on an annual basis.

CMT’s excellent track record of estimating construction costs for airfield-related development
has been gained by focusing on logistical factors affecting construction phasing. This is especially
critical at busy large hub or reliever airports where construction activities must be ﬁne-tuned to
minimize operational disruptions.

Familiarity with airfield construction and the ability to anticipate operational sensitivities have
been factors leading to many awards for airfield-related projects.

CMT Facts

Established: 1946

Staff: 250

Offices: 9

Headquarters: Springfield, Illinois
Primary Business Organizational Units:
Aviation

Highways and Bridges

Land Development

Water and Wastewater
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Appendix C

This appendix includes information related to the calculation of beneﬁts obtained from consumer

surplus. -

O’Hare Modernization Program

Appendix C: Adjustments of Benefits and Costs for Induced Demand, of the BCA

Guidance, recommends that a BCA address the dynamic interaction of project benefits and costs and
level of airport usage. The net benefits generated by an airport improvement investment will allow
the airport to serve a greater portion of the unconstrained demand. The new users will benefit from
the improvement; however, the increased demand at the airport generated by the new users may
reduce the net benefits of the project to current users. :

The BCA Guidance suggests the use of Consumer Surplus as a method to quantify benefits to
passengers, while capturing the effects of increased demand. GRA prepared a document
describing a methodology for the consumer surplus calculation. This document can be found
(provided to the City) attached at the end of this appendix. Exhibit 3 of this document contains the
basis for the mathematical calculation of consumer surplus. A copy of this exhibit is included below
in Table C-1, with assumptions clarified as needed.

Table

C-1

Clarification of Assumptions in Exhibit 3

= ety *%’d"j‘ < &
[ Average Base | == p
| Travel Time| Valueof | Case |Averages| Base Base Case || Scenario Total Scenario Beneﬁ.ts to Benefits to Total PV of
" Case Full Total Passengers N Existing Total
per Time per | Vaiue of | egment o " Full Price of Incremental Pax | Benefits
| Operation | Minute Travel Money Price of | Passengers |{ (miliions): TAF Travel Passengers ($ mil) ($ Mil) Benefits
minutes! ime | Fare Travel {millions) [| unconstrained {$ mil) @7%
EAA PVin
| Simulation " DB1a TAF Unconstrained See 0.54((5)-(8N*((7)~
Source| “gigies | ST | (NX(2) | paanage| 1+ ) (Constrainedfl  TAF' | Footnote? {] [1BHENS) ©) @+ (10) | Year
Values 20XX
Year 1 3
2|

3

20,

1. The unconstrained TAF would ba used up to the point where congestion reaches levels beyond which airines are unwilling to scheduie added flights.
2. Col 8: -Col [5) *[1+x)/(1-x) where x = elasticity of demand * (col 7 + col 6)/(col 7 - col 6).
Recommended values for elasticity of demand for these analyses can be found in the Guidance document on page C.2.

Notes:

1/Average Travel Time per Operation
Source: OMP Base Case TAAM simulation results - average travel time per operation (including delay).
2N alue of Time per Minute
Source: Treatment of Passenger Time in Economic Analysis, FAA-APO-03-1, dated March 2003
4/Average Segment Money Fare
Source: Database Products, Inc. 2004 Calendar Year (Original Pull) and 2005 First Quarter Data (Sensitivity Value)
6/Base Case Total Passengers
Sources:; FAA TAF, U.8. DOT, Leigh Fisher Associates. Forecast: Constrained — No Project

7/Scenario Total Passengers
Sources: FAA TAF, U.S. DOT, Leigh Fisher Associates. Forecast: Constrained — Phase { Project

Source! -

Ricondo & Associates, Inc:

Prepared by: Ricondo & Associates, Inc.
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O’Hare Modernization Program

ECONOMIC FRAMEWORK FOR ESTIMATING
- -ov- == ATRPORT PROJECT BENEFITS = 0o

This memofandum provides information on how to apply economic principles to the
estimation of airport project benefits. It focuses specifically on projects that enhance the capacity of
the airports to process additjonal traffic and passengers. The mefhodology is briefly outlined in
Appendix C, Section C.2 of: FAA Airport Benefit — Cosf Analysis Guidance (December 15,
1999). In the appendix, fthe Guidancé document suggests the use of consumer surplus as the
approi)riate measure of the benefits of a project. This is defined as the differencé between what
consumers must pay for-a'given level of service and what they would be willing to pay. In passenger
transportation markets, the concept of fuu price of travel (FPT) includes the money pﬁce plus an
increment representing the value of transportation time.

The rationale for this measure of consumer surplus in passenger transportation markets is
straightforward. Consumer invests both money and time when consuming a transportation service.
The rational consumer would purchase the service only in the event that the value (or consumer
surplus) of the service exceeded both the money fare and the value of time.

In an airport context, the benefits of an airport expansion project might ‘result in additional
consumer benefits to both existing passengers and incrementalr passengers who would be able to
utilize the facility as a result of the expansion. This is illustrated in the following exhibit, which was
copied directly from page C-4 of the Guidance document. It shows a circumstance at an airport

where congestion costs are rising rapidly. This is reflected in the very steep supply curves (S and

=), “In the base case (before an investment is made), total passengers equal the amount @, and the — - - -

full price of travel is P. The consumer Surplus in the base case would be the triangle P a D.
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Exhibit 1

Price
(Fare+
Value of Time

> D

S g

_ 0 - 9 @ passengers _

Figure C.2: Consumer Surplus With Radical Delay
the at a

lower full price of travel at any level of demand (Q). For example, if demand at the airport remained

at the initial base case equilibrium of Q, the cost to providing service would fall from P to P’—a very
large reduction in the full price of travel which could be made up of both the reduction in the money
fare (due to the lower cost of operating at the airport) and reduced travel time. But, as is typical in
most markets, when there is additional supply (S”) in the market place, and the price is falling, a new
and higher equilibrium levei of output will be reached (Q*). As a consequence, the new eQuilibrium
price of travel with the additional infrastructure is P*.

It is important to note that as a result of the infrastructure improvement, both existing and

 “ new passengers gain consumer surplus.- The gain-to-existing: passengers is ineasured by. the rectangle.

P P* b a. The consumer surplus realized by new passengers is described by the triangle a b c. The
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O’Hare Modernization Program

total benefits of the infrastructure project will be described by the polygon P P* ¢ a. The existing

passengers are better off because the full price of travel has faﬂen. Because the full price of travel

- has fallen, additional passengers can be accommodated at the facility. - The benefits reflect changes in..... .~ -

money fare and/or service time.

»

UNDERLYING ASSUMPTIONS PER THE GUIDANCE DOCUMENT

It is important to note that on page C-1, the Guidance document provides an important set of
assumptions that are to be made in undertaking the analysis. Essentially, the assumptions are that
airliné markets are competitivé so consumers realize the full benefits of reductions in both money
fare and travel time that result from airport infrastructure projects. This means that by measuring
consumer surplus in the way described immediately above, we will have captured all of the local
benefits of the infrastructure projects. To the extent there are other benefits in the National Aviation

System, these would not be captured using the consumer surplus measure described immediately

above.

THEORY AND PRACTICE

The theoretical underpinnings for the measure of benefits (consumer surplus including value
of time) discussed in the Guidance document is well established in the economics literature. Much of
this literature was first developed in urban transportation to address the problem of deriving optimal

.tolls aﬁd investment guidelines in the presence of congestion on urban roads. The literature can be
traced to the early work of Ellet (1840), DuPuit (1849), Pigou (1912), and Knight (1924) and also

parallels the development of peak-load pricing in the public utility literature (Boiteux, 1949).

" Mohring “and Harwitz (1962) developed “the “first formalized treatment of an “Sptimal "

investment/pricing framework. The analytical framework demonstrates that optimal investment will
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occur when the marginal costs of an additional unit of investment in a facility (e.g., an airport) just
equals the marginal value of the benefits to the users of the facility (including the money price and
" the value-of time). P TR g e e L T L i T

Morrison (1983) estimated a set of landing fees and investmeﬂt levels for congested airports
in the United States using this framework. The Department of Transportation utilized the same

model to estimate consumer benefits in its own High Density Rule Study (1995).

More generally, most of the economic work on the effects of airline deregulation are based -

upon models that measure consumer benefits using the full price of travel framework (see, for

example Morrison and Winston, 1986, 1989 and 1995).

APPLICATION TO AIRPORT EXPANSION PROJECTS

One of the most important applications of this economic framework would be at airports that
exhibit substantial congestion, including those that are slot constrained. At these airports,.because
demand exceeds available capacity by a wide margin, incremental expansions may result in increases
in the number of passengers, but only modest reductions in observed delays. In these circumstances,
it is important to value both the benefits to additional passengers and the benefits to existing
passengers of the expansion using the framework described above.

| To illustrate this problem, refer to Exhibit 2. Here, the base case shows Q; passengers and a
full price of travel of FPT,. There is a cap established at the airport that results in operations and
passengers at levels below those that would otherwise be demanded. Now suppose there is an
expansion project which, when it is completed, results in additional passengers being accommodated
at the facility (Q2) but at identical average delay. In this case, the expansion will have resulted in a

= reduction in the full-price of travel. But because the-delay. experience in the.two examples.is

identical (and because we are assuming that taxi and en route time are identical in the two cases), the
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value of time at the two equilibrium levels will be identical. As a consequence, the reduction in the
full price of travel will have to have been brought about by a reduction in the money fare. That is, in
| “c;rde‘r.tor induce additional démand, airlines would have to reduce théir fares below the levels that

would otherwise obtain without the project.

Exhibit 2
When Delay is Equal in Base Case an mcéeelsay
FPT current future
cap cap
FPT, 2
lMoney
fare {
FPT, < S
D
Value of Time{
Q, Q, Passengers

From an economics standpoint, this outcome makes sense. In order to induce additional
demand, the full pﬁce of travel will have to decline. So, in cases where delay experience would be
identical in both the base and scenario cases, the money price would have to decline to induce
additional passengers to use the facility. The expansion has made possible the additional passenger
output, but the incremental capacity will only be fully utilized if it is produced at a lower full price of
~ travel.

- Although Exhibit 2 has been used to describe consumer surplus gains that result from an

expansion project that may take several years to complete and where delay ultimately returns to its

of travel with and without the expansion project. In other words, Q, and FPT; could refer to the base
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case in, say, Year 5 if no project were undertaken, while Q, and FPT, could represent the expected
results from Year 5 of thé expansion project. In this context, the net consumer gain from the project
in Year5 wduld be the area FPT;abFPTs. - oo ia - -

To make an analysis such as the one illustrated in Exhibit 2 operational, one needs to collect
data that is typically available to analysts undertaking a benefit-cost study for the subject project.
One such approach that is based on the year-by-year comparison method is illustrated in Exhibit 3.
The analysis would be undertaken over the economic life of the project—typically 20 years. The
analyst would construct both base and scenario cases in each year. From simulation models for the
base case, one can collect information on the expected average travel time for passengers in each
year of the analysis (column 1). Multiplying the average travel time by the FAA’s prescribed value
of time for passengers (column 2) results in an estimate of the base case value of travel time (column
3). To this, the analyst would add the average segment money fare for the airport (column 4) to
develop a base case full price of travel. The analyst would also need a constrained passenger forecast

reflecting the continuation of the cap in the base case (column 6).
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Estimating Consumer Benefits Due to Infrastructure Expansion
' __ata Congested Airport

Base

Base Case

H Scenario Total

: Benefits to

A

L rraves e valueof | Case |averages| B2 Scenari Benefits ¢ Totat | PYOf
Travel Time| Value o Se verage cenario g ne 0 o
8 Casge Full Total Passengers . Existing ) Total
per. T;ﬂ"'.'e u;::r V;Ir:e ;f ﬁ::]:m Price of | Passengers [ (millions): TAF F"'.'r:"?l of Passengers lncrer:e[lr::la 1Pax Bes"’:';:ts Benefits
Operation | Min av Y | ‘Travel | (millions). || unconstrained v (5 mil) (s mil EMI) |7y,
minutes) ) Time Fare . il
Simulation : DB1a TAF Unconstrained See 0.5*((5)-{8))*{(7)- "
Source Critical | (1) x(2) {3) +(4) . 4 2 {(5)+(8))*(6) (9)+ (10) Year
Studies Values Database Constrained TAF Footnote (6)} 20XX
Year 1 i
2
3
20

1. The unconstrained TAF would be used up to the point where congestion reaches levels beyond which airlines are unwilling to schedule added flights.
2. Col 8: -Col (5) *(1+x)/(1-x) where x = elasticity of demand * (cal 7 + col 6)/(col 7 - cal 6).
Recommended values for elasticity of demand for these analyses can be found in the Guidance document on page C.2.

For the scenario case, the analyst would need an unconstrained forecast of passenger demand
(column 7). In the case illustrated in Exhibit 2, demand would rise each year until the point where
the expected delays per passenger would b.e identical in both the scenario and base cases. After that
point, demand in the scenario case would be capped. Using the equation illustrated in Footnote 2 of
Exhibit 3, the analyst would then derive the scenario full price of travel.

The consumer benefits in each year could then be developed in a strai ghtforwafd ménner by
computing the area of the polygon FPT; a b FPT,. These would then be discounted at a seven percent
discount rate (per the Guidance document) to derive an estimate of total benefits over the investment
life of the project in constant year dollars. These total benefits would then be compared to an

estimate of the present value of total costs to determine whether the project was cost-beneficial.
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Sensitivity Studies

Ideally, the preceding analysis would be developed in an integrated way. For example, both

expected delay and money pﬁce levels that will likely obtain in the future. But, often, demand
forecasts in airport benefit-cost studies are either based on or taken directly from FAA Terminal Area
Forecasts, which are typically unconstrained forecasts that do not directly take into account price
elasticities or expected changes in the full price of travel. Regardless of the source of the forecast, it
is useful to test the robustness of the results against relevant range values for the key parameters in

the analysis. These are illustrated in Exhibit 4.

Exhibit 4

Sensitivities
1. Check the plausibility of the value of time and the money fare in the scenario case.
2. Evaluate the range of elasticities of demand over which the project is cost beneficial.

3. Evaluate the range of future demand in the scenario case over which the project
is cost beneficial

4. Make alternative assumptions about future money faré levels and assess the effect
on the project.

For example, the analyst will want to check on the plausibility of the value of time and the money

fare in the scenario case. In the example illustrated above in Exhibit 2, the expected average delay
will be identical in both cases. In such a circumstance, the full price of travel will only fall if the
money fare falls. ‘The analyst should assess whether the expected reduction in the money fare is
plausible given market circumstances and experience.

Likewise, the analyst should-assess the range of elasticities of demand over which the project
remains cost-beneficial. Ideally, the outcome of the analysis will not be altered within the range

prescribed in the Guidance document. That is, if a project were cost-beneficial at the average
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elasticities of demand shown in the Guidance document, the robustness of the results would be

stronger if the same outcome were to occur throughout the whole range shown in the Guidance

.zdocument, o e

Another approaéh that an analyst might take in evaluating the robustness of the results would
be to assess the range of demand levels in the scenario case over which the project remains robust.
To the extent that a project remains cost-beneficial at lower levels of demand in the scenario case
than are projected in TAF or another independent forecasts, the resulting outcome is more robust.

‘ Finally, the analyst might be concerned with future money fares in both the base and scenario
cases. Since deregulation, average yield (fare divided by average stage leﬁgth) has fallen
continuously at approximately one percent per year. The analyst could make sihqilar assumptions

about the future and determine if the implied reduction in money fares in the scenario case remain

plausible.
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Appendix D

This appendix addresses the calculation of the average money fare. The average money fare was
provided by Database Products, Inc. Database Products Inc. provided R&A with two dlfferent sets
of data for the average money fare: -Calendar-Year 2004-and First Quarter 2005. R
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