
TIGER Discretionary Grant FY 2015 

CTfastrak Ladders of Opportunity  
 

 

 
 

 

 

 

 

 

 

 

APPENDIX D  

Benefit-Cost Analysis Technical Paper 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Connecting Communities | Strengthening Active Transportation and Transit | 

Improving Access to Employment 

 



 

 
 

 
 

 

CTfastrak Ladders of Opportunity 

Benefit-Cost Analysis 
 

 

 

 

 

Prepared for the CTDOT and CRCOG 

3 June 2015 



 

i 
 

Contents 
Executive Summary ...................................................................................................................................... iii 

Introduction .................................................................................................................................................. 1 

Analytical Assumptions ................................................................................................................................. 1 

Discount Rates .......................................................................................................................................... 1 

Evaluation Period ...................................................................................................................................... 1 

Project Characterization ........................................................................................................................... 2 

Project Region & Description .................................................................................................................... 2 

Travel Demand and Forecast for Benefits ................................................................................................ 4 

Future Year Forecasts ........................................................................................................................... 6 

Recreational Trips ................................................................................................................................. 6 

Vehicle Miles Travelled (VMT) and Person Miles Travelled (PMT) Forecasts ....................................... 7 

Analysis Tool ................................................................................................................................................. 7 

Overview of Benefits and Costs .................................................................................................................... 8 

Economic Benefits Included .......................................................................................................................... 8 

State of Good Repair ................................................................................................................................. 8 

Reductions in Pavement Damage ......................................................................................................... 8 

Economic Competitiveness ....................................................................................................................... 8 

Reductions in Vehicle Operating Costs ................................................................................................. 8 

Oil Import Costs .................................................................................................................................... 9 

Safety ...................................................................................................................................................... 10 

Accident Cost Savings ......................................................................................................................... 10 

Livability .................................................................................................................................................. 12 

Health Benefits .................................................................................................................................... 12 

Commuter Mobility Benefits............................................................................................................... 13 

Bicycle Recreation Benefits ................................................................................................................. 17 

ADA Access Improvements ................................................................................................................. 17 

Sustainability ........................................................................................................................................... 18 

Reduced Auto Use ............................................................................................................................... 18 

Noise Pollution .................................................................................................................................... 18 

Economic Costs Included and Assumptions ................................................................................................ 19 



 

ii 
 

Initial Project Investment Costs .............................................................................................................. 19 

Annual Operating and Maintenance Costs ............................................................................................. 19 

Periodic Major Rehabilitation and Capital Equipment Replacement Costs............................................ 20 

Residual Value ......................................................................................................................................... 20 

Key Benefit-Cost Evaluation Measures ....................................................................................................... 20 

Benefit-Cost Analysis Results ...................................................................................................................... 21 

Results in Brief ........................................................................................................................................ 21 

Benefits by Category ............................................................................................................................... 21 

Costs over Time ....................................................................................................................................... 22 

Residual Value ......................................................................................................................................... 23 

Cumulative Benefits and Costs ............................................................................................................... 24 

APPENDIX A - Benefit-Cost Model Detail Tables ......................................................................................... 26 

 

 



 

iii 
 

Executive Summary 
A benefit-cost analysis (BCA) was conducted for the Connecticut Department of Transportation (CTDOT) 

and the Capitol Region Council of Governments (CRCOG) CTfastrak Ladders of Opportunity Complete 

Streets Improvements for Bus Rapid Transit (BRT) Stations project for submission to the United States 

Department of Transportation (U.S. DOT) as a requirement of a discretionary grant application for the 

2015 TIGER program. The complete streets projects conceived to enhance CTfastrak ridership, safety and 

quality-of-life are presented as a single project for a 25-year analysis period after construction begins in 

2017, with analysis conducted in accordance with the benefit-cost methodology as recommended by the 

U.S. DOT in the Federal Register (80 Fed. Reg. 18283).  

The project proposes to make investments in complete streets and pedestrian and bicycle systems to six 

(6) of the eleven (11) CTfastrak stations. These will occur in three connected elements as follows: 

1. Hartford West: Pedestrian and Bicycle Enhancements and Complete Streets including upgrading 

and enhancing 5 major intersections, making complete street connections on three major thor-

oughfares and an enhanced wayfinding system for area patrons. 

2. Newington / West Hartford: Walkability Improvements and Complete Streets which includes pe-

destrian and bicycle connections and safety improvements around the Flatbush, Elmwood, and 

Newington Junction CTfastrak stations, while enhancing the recreational potential of a multi-use 

trail that follows the CTfastrak corridor from its current terminus at the Newington Junction to 

the Elmwood station in West Hartford. 

3. New Britain: Complete Streets Network which includes rebuilding portions of East Main Street, 

Columbus Boulevard, and Chestnut Street as complete streets, rebuild the intersection of Chest-

nut Street and Route 71 (the Harry Truman Overpass) as a roundabout to improve traffic safety 

and install a cycle track on Columbus Boulevard with complementary bicycle lanes on Chestnut 

Street. 

Table 1: CTfastrak Ladders of Opportunity Project Costs 

Cost Category 
Costs 
(2014 $) 

Present Value Costs 
(2014 $  
discounted at 7%) 

Present Value Costs 
(2014 $  
discounted at 3%) 

Construction Costs (2017-19) 26,848,785 20,872,419 24,045,697 

Incremental O&M Costs (2020-40) 462,000 169,962 292,537 

Incremental R&R Costs (2020-40) 1,000,000 241,513 537,549  

Residual Value (2041) (7,159,676) (1,152,209) (3,223,208) 

Total 21,151,109 20,131,686 21,652,575 

Source: CTfastrak Ladders of Opportunity Project Budget, 2015  

Operations and maintenance (O&M) costs are projected to average $22,000 per year. Over the 25-year 

evaluation period from 2016 through 2040, these costs accumulate to $462,000 in constant, 2014 dollars, 

or $169,962 when discounted back to a 2014 present value using a 7 percent (7%) real discount rate and 

$292,537 when discounted at 3 percent (3%). Rehabilitation and replacement (R&R) costs are expected 
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to total $1.0 million in constant 2014 dollars over this same period, or $241,513 when discounted at 7% 

to 2014 and $537,549 when discounted at 3% to a 2014 present value.  

Overall project costs through 2040, including operating and maintenance (O&M) costs, rehabilitation 

costs, and an offsetting residual value at the end of the evaluation period total $21.1 million in constant 

2014 dollars. When discounted to a 2014 present value, the overall costs sum to $20.1 million at a 7%  

discount rate and $21.6 million at 3%.    

The CTfastrak Ladders of Opportunity Project creates $38,613,458 in benefits in 2014 dollars using a dis-

count rate of 7%, or $66,458,886 in benefits in 2014 dollars using a 3% discount rate. The majority of 

positive benefits resulted from safety (86 percent) and livability benefits (12 percent), typical for complete 

streets projects. 

The project benefits by category are summarized in Table 2, while Appendix A: Benefit-Cost Model Detail 

Tables list the detailed benefits and costs by year. 

Table 2: CTfastrak Ladders of Opportunity Project Impact and Benefits Matrix 

Current 
Baseline & 
Problem to 
be Ad-
dressed 

Change to 
Baseline/ Al-
ternatives 

Type of 
Impact 

Popula-
tion Af-
fected by 
Impact 

Economic Bene-
fit 

Results 
Summary 
(2014 $ dis-
counted at 
7%) 

Results 
Summary 
(2014 $ dis-
counted at 
3%) 

Page Ref-
erence in 
BCA 

Incomplete 
linkages to 

stations 

Additional 
sidewalks/ bi-
cycle lanes 

Reduction 
in auto 
use 

All drivers 
in study 
region 
and soci-
ety 

State of good 
repair in terms 
of reduced ve-
hicular pave-
ment damage 

486 839 8 

Incomplete 
linkages to 

stations 

Additional 
sidewalks/ bi-
cycle lanes 

Reduction 
in auto 
use 

Society 

Economic com-
petitiveness in 
terms of re-
duced fuel con-
sumption, re-
duced oil impor-
tation, reduced 
operating ex-
pense 

169,268 291,113 8 - 10 

Level of 
roadway 
accidents 

adjacent to 
stations 

Complete 
streets/ inter-
section im-
provements 

Safer 
roadways, 
accident 
reduc-
tions 

Society 
Safety in terms 
of reductions in 
accidents 

33,376,462 57,446,982 10 - 12 

Incomplete 
linkages to 

stations 

Additional 
sidewalks/ bi-
cycle lanes 

Improved 
health 
and in-
creased 
mobility 

Society 
and sur-
rounding 
communi-
ties 

Enhanced liva-
bility in terms of 
improved 
health, in-
creased mobil-
ity, and recrea-
tion 

5,060,267 8,719,109 13 - 18 

Incomplete 
linkages to 

stations 

Additional 
sidewalks/ bi-
cycle lanes 

Reduction 
in auto 
use 

Society 
and sur-
rounding 
communi-
ties 

Sustainability in 
terms of reduc-
tions in noise 
and improved 
annual health 

3,545 6,102 18-19 
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Current 
Baseline & 
Problem to 
be Ad-
dressed 

Change to 
Baseline/ Al-
ternatives 

Type of 
Impact 

Popula-
tion Af-
fected by 
Impact 

Economic Bene-
fit 

Results 
Summary 
(2014 $ dis-
counted at 
7%) 

Results 
Summary 
(2014 $ dis-
counted at 
3%) 

Page Ref-
erence in 
BCA 

(includes emis-
sions benefit) 

Source: Parsons Brinckerhoff, 2015 

Table 3 shows the results of the benefit-cost analysis. At a 7% real discount rate, the project yields a ben-

efit-cost ratio of 1.92 over a 25-year post-construction evaluation period, while using a 3% real discount 

rate yields a benefit-cost ratio of 3.07. 

Table 3: Benefit Cost Analysis Summary Results 

Scenario 
Net Present Value 
(2014 $) 

Benefit-Cost 
Ratio 

Case A (7 percent discount rate) $18,481,772 1.92 

Case B (3 percent discount rate) $44,806,311 3.07 

Source: Parsons Brinckerhoff, 2015 
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Introduction 
A benefit-cost analysis (BCA) was conducted for the Connecticut Department of Transportation (CTDOT) 

and the Capital Region Council of Governments (CRCOG) CTfastrak Ladders of Opportunity Complete 

Streets Improvements for Bus Rapid Transit (BRT) Stations project for submission to the United States 

Department of Transportation (U.S. DOT) as a requirement of a discretionary grant application for the 

2015 TIGER program. The analysis was conducted in accordance with the benefit-cost methodology as 

recommended by the U.S. DOT in the Guide to Preparing Benefit-Cost Analyses for TIGER Grants1 and the 

Notice of funding availability (80 Federal Register 18283). 

Analytical Assumptions 

Discount Rates 
For project costs and benefits, monetary values in this analysis are expressed in constant, year-end 2014 

dollars. In instances where certain cost estimates or benefit valuations were expressed in dollar values 

from other (historical) years, the U.S. Bureau of Labor Statistics’ Consumer Price Index for All Urban Con-

sumers (CPI-U) was used to adjust them to 2014 prices.2 

The real discount rates used for this analysis were 3.0 and 7.0 percent, consistent with U.S. DOT guidance 

for 2015 TIGER grants3 and OMB Circular A-4.4  

Evaluation Period 
The evaluation period includes the relevant (post-design) construction period during which capital ex-

penditures are undertaken, plus 22 years of operations beyond the project completion within which to 

evaluate ongoing benefits and costs.  

For the purposes of this study, it has been assumed that construction of the project will begin in 2017, 

with construction completed by the middle of 2019 and operations beginning in 2020. As such, the 25-

year evaluation period extends through 2041. 

For purposes of present value discounting, all benefits and costs are conservatively assumed to occur at 

the end of each year. Benefits accruing from the improvements are assumed to begin in the calendar year 

immediately following the final construction year.  

                                                           
1 TIGER 2015 NOFA: Benefit-Cost Analysis Guidance, Updated March 27, 2015; http://www.dot.gov/tiger/guidance 
2  U.S. Bureau of Labor Statistics.  Consumer Price Index, All Urban Consumers, U.S. City Average, Series 
CUSR0000SA0.  1982-1984=100 
3TIGER 2015 NOFA: Benefit-Cost Analysis Guidance, Updated March 27, 2015; http://www.dot.gov/tiger/guidance 
4 White House Office of Management and Budget, Circular A-94, Guidelines and Discount Rates for Benefit-Cost Anal-
ysis of Federal Programs (October 29, 1992).  (http://www.whitehouse.gov/omb/circulars_a094). 

http://www.dot.gov/tiger/guidance
http://www.dot.gov/tiger/guidance
http://www.whitehouse.gov/omb/circulars_a094
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Project Characterization 
The guidance presented by the U.S. DOT in the Guide to Preparing Benefit-Cost Analyses for TIGER Grants 

indicates that individual projects that have independent utility should have the benefits and costs deter-

mined independently. The linked complete streets projects included in this TIGER Grant application rep-

resent elements of a single project designed to benefit the 9.4 mile CTfastrak corridor by enhancing access 

between the station and local residential communities, work destinations and additional regional modes 

of transportation. Through these improvements, safety, ridership and quality-of-life for users of the sys-

tem and those in proximity to the system will be greatly enhanced. Therefore, presented herein is an 

analysis of a single project. 

Project Region & Description 
The CTfastrak Ladders of Opportunity Complete Streets Improvements for Bus Rapid Transit Stations pro-

ject builds upon the state of Connecticut's first BRT system that operates between New Britain and Hart-

ford. This BRT system serves to connect a primarily transit dependent population (64 percent of House-

holds within 1/2 a mile of Transit Stations have no car available to them) to 85,000 jobs within the 1/2 

mile corridor. Further, this system connects communities beyond the immediate stations, by creating in-

terconnections to a greater regional transit network, ultimately reaching over 115,000 jobs. The "last-

mile" connections between communities and the BRT stations are challenging for those households with-

out vehicles, as the bicycle/pedestrian networks surrounding stations are discontinuous, uninviting, some-

times limited, and potentially unsafe. Strengthening pedestrian, bicycle and vehicular access to CTfastrak 

is critical to the continued growth and success of this transportation ladder.   

The project proposes to make investments in complete streets and pedestrian and bicycle systems to six 

(6) of the eleven (11) CTfastrak stations. These will occur in three elements as follows:  

1. Hartford West: Pedestrian and Bicycle Enhancements and Complete Streets  

This element seeks to improve the bicycle/pedestrian 

network between the CTfastrak Sigourney Street Station 

and Union Station. The local transportation network be-

tween these two stations is confined by Interstate 84 (I-

84), the Amtrak Hartford-New Haven-Springfield (NHHS) 

rail right-of-way and the principle arterial of Asylum Av-

enue, making navigation to and from downtown Hart-

ford or the North Hartford promise zone extremely diffi-

cult. With the future of I-84 uncertain, as it is being ana-

lyzed for modification and reconstruction, the need for 

an improved local street network is significant. As part of 

this element, intersections along Asylum Avenue would 

be renovated for pedestrians, with reserve islands and 

proper pedestrian signalization. Street trees and point of interest signage would be installed to add pe-

destrian level amenities to the corridor. These pedestrian amenities would be continued to the west on 

Asylum Place and Farmington Avenue, where bicycle lanes would be added to the network (roughly .5 

Figure 1  
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miles). The intersection of Asylum Place and Farmington Ave (one of the busiest in the City and lacking in 

pedestrian amenities) would be modified to include pedestrian refuge and proper pedestrian signaliza-

tion.  Lastly, Sigourney Street (connecting to the Sigourney Street station), a four lane north-south arterial, 

will receive a complete streets upgrade, including pedestrian improvements, new pedestrian signage and 

wayfinding and bicycle lanes to complete a link to the Frog Hollow neighborhood and the Pope Park pe-

destrian network, the Asylum Hill neighborhood and the St. Francis Hospital complex.  

2. Newington / West Hartford: Walkability Improvements and Complete Streets 

This project element entails strengthening the transit, pedestrian and bicycle connections and safety im-

provements to/from the CTfastrak stations of Flatbush, Elmwood, and Newington Junction, while also 

enhancing the recreational potential of a multi-use trail that follows the CTfastrak corridor from its cur-

rent terminus at Newington Junction to the Elmwood station in West Hartford. The Town of West Hartford 

is finalizing a plan to convert New Park Avenue (an oversized four lane roadway with a mixture of com-

mercial and light industrial uses) to a complete street 

with singular travel lanes (that include transit signal pri-

ority), center turning lanes, bicycle lanes and wide side-

walks (roughly one mile). This improvement would con-

nect the Elmwood and Flatbush CTfastrak stations with a 

bicycle/pedestrian friendly parallel route to the busway, 

enhancing the local pedestrian network. At both of the 

Flatbush and Elmwood Stations, the primary bicycle/pe-

destrian access corridors to the stations would be ex-

panded to connect to the existing neighborhood net-

works (roughly .10 miles).  

As part of this project, CRCOG will conduct a study of po-

tential complete street corridors to connect the Newington Junction and Elmwood stations (averaging 

two miles).  The study will lead directly into a capital project. Envisioned as the extension of the multi-use 

trail, it would expand the recreational trail to connect to the terminus of the Trout Brook trail in Elmwood 

by using the complete street proposed on New Park Avenue. This would create an eight (8) mile recrea-

tional trail from downtown New Britain to Beachland Park in West Hartford. 

 

3. New Britain: Complete Streets Network 

This element seeks to complement the work already begun as part of the Main Street Overpass Transfor-

mation (highlighted in blue on Figure 3). It will improve pedestrian and bicycle access and safety to Down-

town New Britain and its CTfastrak station, connecting neighborhoods that are cut off from downtown 

by State Route 72. The project will create new opportunities for transit-oriented development (TOD) by 

increasing access to and from underutilized land adjacent to downtown. Key portions of this element are: 

Figure 2 
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 Rebuild portions of East Main Street, Columbus Boule-
vard, and Chestnut Street as complete streets (roughly 
.5 miles), including: wider sidewalks with brick treat-
ments; street trees; bump-outs at appropriate inter-
sections; benches at bus stops; narrower travel lanes; 
upgraded traffic signals; and landscaped medians.  

 Rebuild the intersection of Chestnut Street and Route 
71 (the Harry Truman Overpass) as a roundabout to 
improve traffic safety 

 Install a cycle track on Columbus Boulevard and bicy-
cle lanes on Chestnut Street 

 

Integral to all of the elements is a focus on the state of 

good repair, upgrading and enhancing the overall trans-

portation network. Each element will utilize best practice 

installations of pedestrian signalization, materials and energy efficient lighting further contributing to the 

success of all these infrastructure investments.  

Construction of Element One and Three is slated to begin in the second quarter of 2017, as the designs 

for both elements will be finalized in 2016. Element Two will begin construction slightly later, in the 3rd 

Quarter of 2017.   

Travel Demand and Forecast for Benefits 
This project did not utilize forecasts from a travel demand model. This is because regional travel demand 

models, including the regionally-adopted forecasting model for CRCOG, are not particularly adept at esti-

mating bicycle or pedestrian demand, especially at a local facility or corridor level. Further, these models 

cannot distinguish between commutation and recreational trips, which is an important distinction when 

considering the evaluation of varying bicycle and pedestrian facilities. 

A method for determining bicycle demand is presented in the National Cooperative Highway Research 

Program (NCHRP) report, Guidelines for Analysis of Investments in Bicycle Facilities5. This report provides 

a foundation for analyzing investments in bicycle facilities, including developing methodologies for esti-

mating facility demand and monetizing benefits. The guidelines for estimating demand found therein em-

ploy worker and population density within a "last mile" proximity of the improvements to estimate usage, 

while making adjustments based on current Census Transportation Planning Package (CTPP) modal distri-

butions for the same area. While this methodology is informative for a new bike facility (like the multi-use 

trail extension), it only derives induced demand, and does not address modal shifts, nor limits to increased 

bicycle activity due to transit capacity, which are considerations for this project. 

                                                           
5 NCHRP Report 552 (2006). Guidelines for Analysis of Investments in Bicycle Facilities, Transportation Research 
Board, Washington, D.C. (http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_552.pdf) 

Figure 3 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_552.pdf
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As the focus of this project and it's elements are the "last mile" connections to individual BRT stations of 

the CTfastrak corridor, a simplified analysis of the current (2015) boardings and alightings at project ad-

jacent stations was undertaken in terms of average daily ridership, and compared to the CTPP values for 

the journey to work, employment, and population of the half-mile transit service area for those stations.  

While BRT ridership statistics were available for the stations that would be benefiting from the proposed 

project, modal access surveys that would indicate how transit users arrived at the station were not avail-

able due to the relatively short duration of current operations for the system (system launched service in 

April of 2015). The analysis that follows is conservative in determining the modal split and volumes derived 

from the future project improvements, and could potentially be understating benefits by an order of mag-

nitude. 

2,400 daily boardings and alightings were shown for the stations by CTfastrak, while the CTPP showed 

only 1100 trips occurring on public transit for the half-mile transit service area.  To align the two data 

points and derive a more appropriate estimate of travel within the 1/2 mile distance, a reduction to the 

count data was applied based on the relative distances access mode transit passengers were willing to 

travel to get to a station, and the availability of parking at stations. The American Public Transportation 

Association (APTA) has issued guidance in regards to a transit station's area of influence, in which beyond 

1.5 miles from a station, automobiles are the exclusive means of accessing a station6. The conservative 

assumption was made that all parking located at station locations were therefore used by automobiles 

outside of the 1/2 mile transit service area. Parking inventory information supplied by CTDOT shows a 

total of 700 spaces located at the stations. The Federal Highway Administration National Household Travel 

Survey7 shows average vehicle occupancy of 1.13 passengers per vehicle, resulting in 791 auto trips exter-

nal to our last mile area, reducing our ADT to 1609 trips.  

The National Household Travel Survey, shows that for "last mile" trips, 65% occur using autos, while the 

remaining 35% occur using bicycle or walking8 (95% of which are walk trips). This presents a baseline ADT 

for the area of 1046 auto access trips, 535 walk access trips and 28 bicycle access trips for the analysis 

area. 

This was then annualized using a factor of 300, the Institute of Transportation Engineers (ITE) standard 

for adjustment for traffic volumes. 

Table 1: Baseline 2015 Access Trips by Travel Mode 

Travel Mode ADT AADT 

Auto 1046 313,100 

Pedestrian 535 160,455 

Bicycle 28 8,445 

                                                           
6 APTA SUDS-UD-RP-001-09 (2009). Defining Transit Areas of Influence, American Public Transportation Association, 
Washington, D.C. (http://www.apta.com/resources/standards/Documents/APTA%20SUDS-UD-RP-001-09.pdf) 
7 FHWA-PL-ll-022 (2011). Summary of Travel Trends: 2009 National Household Travel Survey, Federal Highway Ad-
ministration, Washington, D.C. (http://nhts.ornl.gov/2009/pub/stt.pdf) 
8 Ibid. 
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Future Year Forecasts 

To estimate future year pedestrians and bicyclists, the AADT volumes for the baseline were adjusted by a 

rate of .5% per year, as recommended by standard ITE forecasting methodology to the year 2020. 

Future year pedestrians and bicyclists post construction (year 2020), considered mode shift from the au-

tomobile and increased recreational bicycle travel due to the extended multiuse path (part of element 

two).  

Various research9,10 has been performed that indicates a program of complete streets will induce a shift 

in mode and result in an increase in pedestrian and bicycle trips in the order of 20 to 40%. Conservatively 

for this project we will assume a 30% increase in bicycle and pedestrian trips, and a comparable decrease 

in automobile trips as a result.  

Table 2: Change in 2020 Access Trips by Travel Mode 

Travel Mode 2020 Baseline AADT Change in AADT 

Auto 321,645 -51,937 

Pedestrian 164,820 +44,496 

Bicycle 8,303 +2,491 

 

Recreational Trips 

While data does not exist for the current usage of the multi-use trail, the NCHRP Report 552 does provide 

a methodology for deriving bicycle recreational trips on the basis of commute trips, and a factor computed 

from the number of recreation days.11  

 

The annual recreation factor is defined as: 

𝑅𝑒𝑐𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑑𝑟 +  𝐼 ∙ 𝑑ℎ𝑟 

365
  

Where:  

𝑑𝑟  = number of recreation days 

𝑑ℎ𝑟  = number of high recreation days 

I = Intensity of high recreation days, typically 104% 

divided by the number of days annually 

                                                           
9 Modal Shift in the Boulder Valley 1990 – 2006. National Research Center, Inc. (2006). Boulder, Colorado 
10 Transportation Research Record: Journal of the Transportation Research Board No. 2034(2007), A Preliminary 
Evaluation of the Metro Orange Line Bus Rapid Transit Project. Callaghan, L. & Vincent, W.  
11 Ibid, NCHRP(2006). 
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A recreational factor of 0.069589 was computed using this method, for the project. When multiplied by 

the change in bike AADT, this results in an additional 173 recreational cyclists per year. By applying a 

weekday recreational use rate as typical for recreational use on all days, this analysis again applies a con-

servative approach since the consideration of weekend recreational users would increase average daily 

recreational volumes. Unfortunately a similar methodology does not exist to estimate additional recrea-

tional pedestrian trips, so this analysis conservatively assumes those are a subset of the forecasted access 

trips. 

Vehicle Miles Travelled (VMT) and Person Miles Travelled (PMT) Forecasts 

To estimate the reduction or increase in VMT and PMT, the forecast number of trips by mode was multi-

plied by the expected travel distance patrons would take via the new complete street facilities. According 

to the NCHRP Report 552, the average travel distance for bicycles to transit is 1.04 miles, and .52 miles for 

pedestrians.12 For automobiles, the APTA report Defining Transit Areas of Influence notes that the average 

auto trip to transit is 2.08 miles13.  As this analysis is examining the "last mile" trip, the distance travelled 

for automobiles was reduced to match the bicycle distance traveled, to provide a more conservative esti-

mate of VMT. 

Table 3: Change in 2020 Miles Travelled by Access Travel Mode 

Travel Mode Change in AADT 
Average 
Distance 

Change in VMT or 
PMT 

Auto -51,937 1.04 -54,014 

Pedestrian +44,496 .52 +25,712 

Bicycle +2,491 1.04 +2,591 

 

These forecast values become the necessary inputs to the benefits and costs detailed subsequently. 

Changes beyond the initial evaluation year were assumed to be flat, meaning that barring future regional 

modeling efforts, years beyond 2020 would not reflect any growth in this project level change in 

VMT/PMT. This is a conservative approach, intended to prevent overstatement in the outer analysis years. 

Analysis Tool 
This benefit-cost analysis was supported by a detailed Microsoft Excel-based benefit-cost analysis tool 

(PRISMTM) which uses a methodology consistent with the most recent guidelines developed by USDOT. 

The tool determines benefits according to the following five categories: State of Good Repair; Economic 

Competitiveness; Livability; Sustainability; and Safety. In addition, alternative benefits valuations were 

applied to develop ‘high’ and ‘low’ scenarios for the benefit cost ratio. 

                                                           
12 Ibid, NCHRP(2006).Appendix B, Walking and Bicycling Demand and Proximity to Facilities. 
13 Ibid, APTA(2009). 
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Overview of Benefits and Costs 
The project considers a range of benefits to different users of the proposed complete streets improve-

ments. Most of these benefits occur because, in the absence of the improvements, conditions would be 

substantially worse for a broad range of users. The costs considered are typical for most projects – con-

struction, operations and maintenance (O&M), and rehabilitation and replacement (R&R) costs.  

Economic Benefits Included 
The following section identifies and groups the benefits that are included in the BCA for the CTfastrak 

Ladders of Opportunity project. This section discusses the valuations used for each benefit category spe-

cifically, and a summary of the model outputs for valuations as used in the sensitivity analysis.  

State of Good Repair 

Reductions in Pavement Damage 

Automobiles produce damage to pavement on roads for each mile they travel, and this constitutes a mar-

ginal cost to society for each motor-vehicle VMT. Since the project is expected to cause a net reduction in 

VMT, these costs to society will be reduced. Overall, there will be less damage to road pavements and the 

overall roadway system will remain in better repair. This analysis utilizes the Federal Highway Administra-

tion’s Federal Highway Cost Allocation Study conducted in 1997.14 This study reports that urban automo-

biles have a marginal cost to pavements of 0.13 cents per vehicle-mile in 2015 CPI-U adjusted dollars. This 

figure was then utilized in this analysis. 

Economic Competitiveness 

Reductions in Vehicle Operating Costs 

The proposed investments would reduce vehicle operating and ownership costs because the changes in 

the infrastructure and subsequent development would cause reductions in single-occupancy vehicle 

travel. As a result, overall vehicle-miles traveled by motor vehicles are reduced. This causes reductions in 

vehicle operating and ownership costs as commuters use vehicles less. 

 

Vehicle Operating Costs Fuel 

The first operating cost reduction this analysis calculated was the reduction in fuel costs. The Energy In-

formation Administration’s (EIA) Annual Energy Outlook 2014 projections for auto fuel efficiency, as well 

as the price of gasoline were used.15 The EIA only projects figures to 2035, so it was necessary to further 

project for years 2036 to 2055. Based on the EIA’s “reference case,” we projected fuel efficiency and prices 

based on the compound annual growth rate (CAGR) in the EIA’s model for 2025 to 2035. Below is the 

range of estimates utilized for this analysis: 

                                                           
14 Federal Highway Administration (1997), Table ES-6. 
 
15 U.S. Energy Information Administration (2014). 
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Table 4: Fuel Economy and Fuel Prices – 2014 and 2040 (Projected) 

 2014 2040 

Auto Fuel Economy 22.3 35.6 

Gasoline Price $3.41 $3.65 

Source: EIA and Parsons Brinckerhoff 
 

Because fuel taxes are considered a pecuniary benefit, or transfer payment, they cannot be accurately 

included in benefit calculations of a BCA. Thus, the federal and Connecticut state taxes estimated by the 

EIA are subtracted out of the end user fuel prices. All dollars were reported in real 2013 dollars by the EIA.  

These dollar amounts were subsequently converted to real 2014 dollars using the U.S. Bureau of Labor 

Statistics Consumer Price Index adjustment for “motor fuel” between 2013 and 2014.16  

Reductions in Vehicle Operating Costs - Non-Fuel 
Vehicles have operating costs beyond fuel costs including maintenance and repair, replacement of tires, 

and the depreciation of the vehicle over time. The per VMT factors of these costs were estimated by the 

American Automobile Association17  and the American Transportation Research Institute,18 and used in 

this analysis (see the table below).  Since the original studies estimated the likely range for these values 

in 2013 dollars, the values for this analysis have been updated to 2014 dollars using a CPI adjustment.19 

Table 5: Non-Fuel Vehicle O&M Costs Automobile 

Cost Category 
Automobile 
(2014 $ / VMT) 
Low 

Automobile 
(2014 $ / VMT) 
Likely 

Automobile 
(2014 $ / VMT) 
High 

Maintenance / Repair 0.0404  0.0505  0.0606  

Tires 0.0081  0.0102  0.0122  

Depreciation 0.1935  0.2419  0.2903  

Total 0.2421  0.3026  0.3631  

Source: AAA Exchange, 2013; Parsons Brinckerhoff, 2015 

Oil Import Costs 

Fuel consumption has a cost beyond the actual operating costs and environmental costs of consumption. 

This additional cost is expressed as the economic cost of oil imports.  This concept reflects two ideas: a 

monopsony component and a price shock component.  

The monopsony component derives from the following logic; because the U.S. is such a large consumer 

of oil an increase in U.S. demand for oil will lead to higher fuel prices (based on supply and demand rela-

tionships).  The price shock component stems from the fact that a reduction in oil supplies leads to higher 

                                                           
16 U.S. Bureau of Labor Statistics.  Consumer Price Index, All Urban Consumers, U.S. City Average, Motor Fuel.  Series 
CUUR0000SETB.  1982-1984=100, 2010=240.724; 2011=301.448 
17 AAA Exchange. (2013). Your Driving Costs, p.7-8. (http://exchange.aaa.com/wp-content/uploads/2013/04/Your-
Driving-Costs-2013.pdf) 
18  American Transportation Research Institute. (2014). An Analysis of the Operational Costs of Trucking, p.15. 
(http://atri-online.org/wp-content/uploads/2014/09/ATRI-Operational-Costs-of-Trucking-2014-FINAL.pdf) 
19  Bureau of Labor Statistics, Consumer Price Index, All Urban Consumers, US City Average, All Items, Series 
CUSR0000SA0. 
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oil prices which in turn reduces the level of U.S. economic output.  As a consequence, reducing oil imports 

by consuming less fuel reduces the impact of these costs on the U.S. economy.  The National Highway 

Traffic and Safety Administration estimates that each gallon of fuel saved reduces total U.S. imports of 

refined fuel or crude oil by 0.95 gallons. 20  

The likely value for NHTSA’s estimate of the per-gallon cost of oil imports (both the monopsony and price 

shock components combined) is $0.430 per gallon (2010 $). When converted to 2014 dollars using the CPI 

adjustment,21  this value is $0.467 per gallon (2014 $). For the range of values estimated by NHTSA as 

adjusted to 2014 dollars, see Table 6.  

Table 6: Cost of Oil Imports 

 Low Likely High 

Cost of Oil Imports (2014 $) $0.184 $0.467 $0.739 

Source: NHSTA 2012, Parsons Brinckerhoff 2015 

Safety 

Accident Cost Savings 

The cost savings that arise from a reduction in the number of accidents includes direct savings (e.g., re-

duced personal medical expenses, lost wages, and lower individual insurance premiums), as well as sig-

nificant avoided costs to society (e.g., second party medical and litigation fees, emergency response costs, 

incident congestion costs, and litigation costs).  The value of all such benefits – both direct and societal – 

could be approximated by the cost of service disruptions to other travelers, emergency response costs to 

the region, medical costs, litigation costs, vehicle damages, and economic productivity loss due to work-

ers’ inactivity.  The Federal Highway Administration Office of Safety has shown that complete streets pro-

jects reduce accidents by 28%, for all accident types22. 

Accident data for this analysis were obtained from CTDOT, which provided accident data for 2011, 2012 

and 2013 on the roadways where improvements are proposed. This data was provided based on the 

KABCO scale and was averaged to get an annual expected number of accidents. 28% of these values 

(rounded to the nearest whole number) were then taken as a reduction in incidents as per the effective-

ness cited by the FHWA. 

 

                                                           
20 National Highway Traffic and Safety Administration. (2012). Corporate Average Fuel Economy for MY 2017-2025 
Passenger Cars and Light Trucks, Final Regulatory Impact Analysis,   p.903. 
21  Bureau of Labor Statistics, Consumer Price Index, All Urban Consumers, US City Average, All Items, Series 
CUSR0000SA0. 
22 Federal Highway Administration office of Safety. (2009). Safety Benefits of Walkways, Sidewalks, and Paved Shoul-
ders. 
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Table 7: Accident Data for the CTfastrak Ladders of Opportunity Project 

Accident Type Average Number  of Accidents 
Number of Acci-
dents Reduced by 
Complete Streets 

Killed -   - 

A - Injury 2 1 

B - Injury 29 9 

C - Injury  122  35 

Property Damage Only 248 70 

Source: CTDOT, Parsons Brinckerhoff 2015 

In order to convert these accident numbers into the appropriate AIS rate scale for calculating benefits,   

recommended conversions were provided by the National Highway Traffic and Safety Administration and 

subsequently provided in the U.S. DOT’s TIGER guidance.23  The following table lists the reduced accident 

rate of the data converted from KABCO into AIS standards: 

Table 8: Accident Rates for the CTfastrak Ladders of Opportunity Project 

Accident Type Accident Rate 

Fatality -   

AIS 5 0.03  

AIS 4 0.15 

AIS 3  0.81  

AIS 2  3.57 

AIS 1 36.68 

Property Damage Only 73.76 

Source: CTDOT, Parsons Brinckerhoff, 2015 

Monetized values for fatalities, and accidents categorized on the AIS scale are reported in the U.S. DOT’s 

guidance for “Treatment of the Economic value of a Statistical Life”24 – this includes low and high ranges 

used for PRISM™ sensitivity analysis.  Values pertaining to property damage only accidents were reported 

by the National Highway Traffic and Safety Administration,25 and have been updated to 2013 dollars by 

the U.S. DOT.26 Since the likely range for these values were estimated in 2013 dollars, the values for this 

analysis have been updated to 2014 dollars using a CPI adjustment. The following table lists the range of 

values used for PRISMTM sensitivity analysis for each accident type: 

                                                           
23  U.S. Department of Transportation (2015), Tiger Benefit-Cost Analysis (BCA) Resource Guide, p.12.  
(http://www.dot.gov/sites/dot.gov/files/docs/Tiger_Benefit-Cost_Analysis_%28BCA%29_Resource_Guide_1.pdf). 
24 Office of the Secretary of Transportation, Guidance on Treatment of the Economic Value of a Statistical Life in  
U.S. Department of Transportation Analyses (2013 update), Guidance on Treatment of the Economic Value of a Sta-
tistical Life in U.S. Department of Transportation Analyses. 
25 National Highway Traffic Safety Administration (2002), The Economic Impact of Motor Vehicle Crashes, 2000, p. 
62, Table 3. 
26  U.S. Department of Transportation (2015), Tiger Benefit-Cost Analysis (BCA) Resource Guide, p.3.  
(http://www.dot.gov/sites/dot.gov/files/docs/Tiger_Benefit-Cost_Analysis_%28BCA%29_Resource_Guide_1.pdf). 

http://www.dot.gov/sites/dot.dev/files/docs/VSL%20Guidance.doc
http://www.dot.gov/sites/dot.dev/files/docs/VSL%20Guidance.doc
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Table 9: Monetized Accident Values 

Accident Type 
Unit Value (2014 $) 
Low 

Unit Value (2014 $) 
Likely 

Unit Value (2014 $) 
High 

Fatality $7,641,989  $9,552,486  $11,462,983  

AIS 5 $4,531,699  $5,664,624  $6,797,549  

AIS 4 $2,032,769  $2,540,961  $3,049,153  

AIS 3  $802,409  $1,003,011  $1,203,613  

AIS 2  $359,173  $448,967  $538,760  

AIS 1 $22,926  $28,657  $34,389  

Property Damage Only $3,193  $3,991  $4,789  

Source: U.S. DOT, 2015 update; Parsons Brinckerhoff, 2015 

Livability 
These benefits include health benefits, commuter mobility benefits, recreation benefits, and improved 

ADA access. 

Health Benefits 

Health benefits apply to new cyclists who would otherwise not be able to use the proposed improvements 

under existing conditions. These cyclists realize benefits by increased daily physical activity, which has 

been shown to improve the health of users and reduce future medical costs. The NCHRP Guidelines for 

Analysis of Investment in Bicycle Facilities27 identified ten studies which estimated the overall health ben-

efit of increased physical activity. These benefits ranged from $19 to $1,175 per new cyclist per year, with 

a median value of $128 (all values in 2006 $), with detailed review available in appendix E of that docu-

ment. These values were adjusted to 2014 dollars with resulting values of $22.32, $150.34, and $1,380.07 

for low, likely, and high values of health benefit. The NCHRP Guidelines state that this benefit is ascribed 

per daily new user; since our cyclist volumes represent one-way trips, we divided the volume by two in 

order to estimate the number of total users. This is conservative since not all bicyclists use the same route 

for the return trip. The benefit is thus defined: 

𝐻𝑒𝑎𝑙𝑡ℎ 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 =
𝑏𝑛

2
∙ 𝐻 

Where:  

𝑏𝑛 = volume of daily new bicyclists, divided by two to convert to trips 

𝐻 = distribution of value of per-capita health benefit, 2014$ 

                                                           
27 Ibid. 5, p. 33. 
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Health benefits have also been studied for pedestrians. The Victoria Transportation Policy Institute has 

accordingly monetized these benefits, thus estimating the external health cost savings to society that re-

sult from more active lifestyles.28 Table 10 illustrates the range of values walking health benefits used in 

the PRISMTM sensitivity analysis, and all values were adjusted to 2014 dollars using a CPI adjustment:29   

Table 10: Walking Health Benefits, 2014 $  

 Category 
2014 $ per mile 
Low 

2014 $ per mile 
Likely 

2014 $ per mile 
High 

Walking Health Benefits $0.40  $0.50  $0.60  

Source: Victoria Transportation Policy Institute, 2015, Parsons Brinckerhoff, 2015 

Commuter Mobility Benefits 

Commute users experience a benefit because research has shown that bicyclists and pedestrians prefer 

using certain facilities over others, with dedicated paths showing the greatest monetized value of benefit.  

Mobility Benefits - Bicyclists 

The NCHRP Guidelines for Analysis of Investment in Bicycle Facilities reviewed available research and 

found that bicycle commuters are willing to spend 18.08 extra minutes per trip30 to travel on an on-street 

bike lane such as the ones proposed in the CTfastrak project, for reasons including higher level of safety, 

more pleasant and lower stress experience. These benefits can be directly applied to new commute trip 

bicyclists according to the following formula (modified from NCHRP Report 552): 

𝐶𝑜𝑚𝑚𝑢𝑡𝑒 𝑀𝑜𝑏𝑖𝑙𝑖𝑡𝑦𝑏𝑖𝑐𝑦𝑙𝑐𝑖𝑠𝑡𝑠 =  
18.08

60
∙ 𝑏𝑛,𝑐 ∙ �̅� ∙ 𝑉𝑂𝑇 

Where:  

18.08 60⁄  = additional value of on-street bike facility in minutes, converted to hours 

𝑏𝑛,𝑐 = volume of new commute bicyclists 

�̅� = weighted average of workdays per year 

𝑉𝑂𝑇 = distribution of value of time, 2014$ / hr 

CHRP Report 552 Guidelines assumed fifty (50) commute weeks per year, each consisting of five workdays. 

In this analysis, it was assumed that due to personal vacations, inclement weather, and observed holidays, 

the weighted value of workdays is 85. This number, while highly conservative, is representative of esti-

mates used in the New York metropolitan region for forecasting purposes. 

Value of Time Assumptions 

Mobility benefits must be converted from hours to dollars in order for benefits to be aggregated and 

compared against costs.  This is performed by assuming that travel time is valued as a percentage of the 

average wage rate, with different percentages assigned to different trip purposes (Table 11). Values are 

                                                           
28  Victoria Transport Policy institute (2015),  Evaluating Active Transport Benefits and Costs, p.44, 
(http://www.vtpi.org/nmt-tdm.pdf) 
29  Bureau of Labor Statistics, Consumer Price Index, All Urban Consumers, US City Average, All Items, Series 
CUSR0000SA0. 
30 Ibid. p. 39. 
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broken down as low, medium and high for use in the PRISMTM analysis based on the percentages in Table 

12, as recommended by U.S. DOT. 31 

Table 11: U.S. DOT Recommended Values of Time, 2014; (per person-hour as a percentage of total earn-
ings)  

Category 
Surface Modes 
(Except High-Speed Rail) 
Low            Likely        High 

Air and High-Speed Rail Travel 
Low            Likely        High  

Local Travel   

Personal 35% 50% 60% - - - 

Business 80% 100% 120% - - - 

Intercity Travel       

Personal 60% 70% 90% 60% 70% 90% 

Business 80% 100% 120% 80% 100% 120% 

Vehicle Operators       

All 80% 100% 120% 80% 100% 120% 

     

Source: Office of the Secretary of Transportation, 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
31  Office of the Secretary of Transportation. (2014). Revised Departmental Guidance: Valuation of Travel Time in 
Economic Analysis, p. 11-12.  (http://www.dot.gov/sites/dot.gov/files/docs/USDOT%20VOT%20Guidance_0.pdf) 

http://www.dot.gov/sites/dot.gov/files/docs/USDOT%20VOT%20Guidance_0.pdf


 

15 
 

Values of time used for 2015 are as follows: 

Table 12: U.S. DOT Recommended Values of Time, 2014 $ 

Category 

 
Values of time 
(2014 U.S $ per 
person-hour) 
Low 
 

Values of time 
(2014 U.S $ per per-
son-hour) 
Likely 

Values of time 
(2014 U.S $ per per-
son-hour)  
High 

Surface (except High-Speed Rail)    

Local Travel    

Personal $10.16  $12.70  $15.24  

Business $19.84  $24.80  $29.76  

All Purposes $10.61  $13.26  $15.91  

Intercity Travel    

Personal $14.22  $17.78  $21.34  

Business $19.84  $24.80  $29.76  

All Purposes $15.43  $19.28  $23.14  

Air and High-Speed Rail    

Intercity Travel    

Personal $26.99  $33.74  $40.49  

Business $49.34  $61.68  $74.02  

All Purposes $36.02  $45.03  $54.03  

Other    

Truck Drivers $20.98  $26.22  $31.46  

Bus Drivers $21.70  $27.13  $32.56  

Transit Rail Operators $37.64  $47.05  $56.46  

Locomotive Engineers $31.46  $39.33  $47.20  

Airline Pilots and Engineers $68.46  $85.57  $102.68  

Source: Office of the Secretary of Transportation, 2015. 

Because the exact division between personal and business travel is not known for trips potentially im-

pacted by this project, the values of time for “all purposes” are used; these represent a weighted average 

of the personal and business values of time according to national proportions of personal and business as 

calculated by the U.S. DOT.32 

Additionally, U.S. DOT guidance accepts the use of a real growth rate of 1.2 percent a year for the value 

of time.33 

Mobility Benefits - Pedestrians 

Although previous applications of mobility benefits in the United States has typically only applied to bicy-

clists, research in Europe has valued commuter benefits for improved facilities for pedestrians as well. The 

                                                           
32  Ibid. 
33 Office of the Secretary of Transportation. (2014). Revised Departmental Guidance: Valuation of Travel Time in 
Economic Analysis (Revision 2), p. 14.  (http://www.dot.gov/sites/dot.gov/files/docs/USDOT%20VOT%20Guid-
ance%202014.pdf) 
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UK Department for Transport Guidance on the Appraisal of Walking and Cycling Schemes34 has monetized 

benefits for pedestrians. Accordingly, improvements in the commute experience for pedestrians can also 

be monetized. The Department for Transport study identified valuation for several aspects of the com-

muter experience. Only those aspects which are improved in this project are included. These aspects are 

provided in Table 13, using an average 2010 exchange rate of 1 GBP = 1.545 USD35. 

Table 13: Monetized Value of Aspects of the Pedestrian Environment 

Category Value, 2010 pence/km Value, 2014 $/mi 

Street Lighting 3.8 0.102 

Reduced Crowding 1.9 0.051 

Pavement Evenness 0.9 0.024 

Total 6.6 0.177 

Source: UK DfT Guidance on the Appraisal of Walking and Cycling Schemes, 2012 

Table 14 documents values used and assumptions made for computation of the commuter mobility ben-

efit for pedestrians.  

Table 14: Values Used for Pedestrian Commuter Mobility Computations 

Category Value Source 

Average Pedestrian Trip Length on complete streets, mi 0.52 Parsons Brinckerhoff 

Weighted Average number of workdays 85 Computation 

Source: Parsons Brinckerhoff, 2015 

The resulting commuter mobility benefit for pedestrians is computed as follows: 

𝐶𝑜𝑚𝑚𝑢𝑡𝑒 𝑀𝑜𝑏𝑖𝑙𝑖𝑡𝑦𝑝𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛𝑠 =  𝑝𝑐 ∙ �̅� ∙ �̅� ∙ 𝑉 

Where:  

𝑝𝑐 = volume of daily commute pedestrians 

�̅� = weighted average of trip length on facilities, miles 

�̅� = weighted average of workdays per year 

𝑉 = distribution of value of benefit, 2014$ / mile 

Similar to the bicycle commuter mobility computation, the weighted average number of workdays is a 

conservative estimate due to personal vacations, inclement weather, and observed holidays. 

It should be noted that the pedestrian commuter mobility benefit applies to all commute pedestrians 

since, as noted in the demand modeling discussion, pedestrians are assumed to use the facility in the 

future regardless of improvements. The CTfastrak Ladders of Opportunity project will bring the benefits 

                                                           
34  UK Department for Transport, Guidance on the Appraisal of Walking and Cycling Schemes, August 2012. 
(http://www.dft.gov.uk/webtag/documents/expert/pdf/u3_14_1-walking-and-cycling-120723.pdf) 
35  Average 2010 Conversion Rate from http://fxtop.com/en/historical-exchange-rates.php, http://www.x-
rates.com/average/?from=GBP&to=USD&amount=1&year=2010, and http://www.oanda.com/currency/average 

http://www.dft.gov.uk/webtag/documents/expert/pdf/u3_14_1-walking-and-cycling-120723.pdf
http://fxtop.com/en/historical-exchange-rates.php
http://www.x-rates.com/average/?from=GBP&to=USD&amount=1&year=2010
http://www.x-rates.com/average/?from=GBP&to=USD&amount=1&year=2010
http://www.oanda.com/currency/average
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of street lighting, enhanced signalization, and even pavement to all pedestrians. However, this benefit 

was only calculated for commuter pedestrians because the recreational value of these improvements is 

not known.  

Bicycle Recreation Benefits 

The NCHRP Guidelines for Analysis of Investment in Bicycle Facilities also identified benefits for recrea-

tional users of bicycle facilities. These benefits result from the time spent performing recreational activity, 

since this represents a revealed preference in how recreational cyclists choose to spend their time. This 

time is assumed to be one hour per bicyclist including preparation and clean-up time36. The value of time 

for this benefit is assumed to be lower than the value of time used for commuters or the population at 

large. The NCHRP Guidelines indicate a value of $10 per hour in 2006 dollars, which becomes $11.75 per 

hour in 2014 dollars. The benefit is computed as follows: 

𝑅𝑒𝑐𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 =
𝑏𝑛,𝑟

2
∙ 365 ∙ 𝑉𝑂𝑇𝑟 

Where:  

𝑏𝑛,𝑟 = volume of daily new recreational bicyclists, divided by two to convert to trips 

365 = number of recreation days per year, per NCHRP Report 552 

𝑉𝑂𝑇𝑟 = distribution of recreational value of time, 2014$ / hr 

In the case of the CTfastrak Ladders of Opportunity project, this benefit has only been computed for rec-

reational bicyclists using the extended multi-use trail. While a similar argument may be made for recrea-

tional pedestrians, the amount of time pedestrians spend in recreational activity is unknown, so it is not 

monetized.  

While this analysis did not account for increased weekend usage, a factor was applied to account for ten 

special event days. It was assumed that between two and three times as many recreational cyclists would 

use the multi-use trail on these ten days due to the high demand, translating into a multiplier of 1.04, 

which is a conservative estimate of increased activity due to special events. 

ADA Access Improvements 

The CTfastrak Ladders of Opportunity project is making improvements to ADA accessibility at major in-

tersections as a part of the complete streets upgrades. This work will improve the experience of ADA users 

of the larger pedestrian network. However, since the magnitude of improvement varies by location and 

there is limited information on the number of ADA users, this benefit is not monetized. Nevertheless, 

these improvements are important to maintain compliance with ADA accessibility standards and ensure 

access to the pedestrian network for all users. 

                                                           
36 Ibid. 5, p. 39. 
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Sustainability 

Reduced Auto Use  

The CTfastrak Ladders of Opportunity project will create environmental sustainability benefits by encour-

aging reduced automobile usage by encouraging last mile travelers to commute via bicycle or walk. The 

benefits to reduced auto use are detailed in NCHRP Guidelines for Analysis of Investment in Bicycle Facil-

ities.37 The urban congestion, pollution, and user cost savings value is obtained from NCHRP Guidelines, 

which notes a 2006 dollar value of $0.13/mile in urban areas, inflated to $0.15/mile in 2014 dollars using 

a CPI adjustment38. Five cents per mile is derived from reduced emissions, which is why this BCA does not 

independently consider reductions in greenhouse gases and other emissions, since that would result in 

double-counting the benefit. The computation for reduced auto use is: 

𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝐴𝑢𝑡𝑜 𝑈𝑠𝑒 =  
𝑏𝑛,𝑐

2
∙ �̅� ∙ �̅� ∙ 𝑆𝑂𝑉̅̅ ̅̅ ̅̅ ∙ �̅� 

Where:  

𝑏𝑛,𝑐 = volume of daily new commute bicyclists, divided by two to convert to trips 

�̅� = average bicycle trip length, miles 

�̅� = weighted average of workdays per year 

𝑆𝑂𝑉̅̅ ̅̅ ̅̅  = weighted average of SOV rate 

�̅� = distribution of average savings, 2013 $ / mile 

Noise Pollution 

Reducing automobile VMT, creates environmental benefits to society in the form of noise reduction.  On 

a per-VMT basis, these values were estimated based on a Federal Highway Administration cost allocation 

study report.39   

The high and low values for the cost of urban automobile noise are calculated as +/- 10 percent of the 

likely case. As the likely cost of rural automobile noise is so low (one one hundredth of a cent), reducing 

it to arrive at a low value would not yield a meaningful figure. Therefore, in this case the low and likely 

values are the same. Similarly a 10 percent increase of such a small number would not be significant and 

the likely value was doubled to create the high value. 

                                                           
37 NCHRP Report 552 (2006). Guidelines for Analysis of Investments in Bicycle Facilities, Transportation Research 
Board, Washington, D.C. (http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_552.pdf) 
38  Bureau of Labor Statistics, Consumer Price Index, All Urban Consumers, US City Average, All Items, Series 
CUSR0000SA0. 
39  Federal Highway Administration, Addendum to the 1007 Federal Highway Cost Allocation Study, Table 13. 
(http://www.fhwa.dot.gov/policy/hcas/addendum.htm). 
 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_552.pdf
http://www.fhwa.dot.gov/policy/hcas/addendum.htm
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An urban/rural split of 70 percent to 30 percent was used to create a weighted average of the FHWA 

values for those environments.  All values were adjusted from the study’s 2000 values to 2014 dollars 

using a CPI adjustment.40 Table 15 shows the range of values used in the PRISMTM sensitivity analysis 

Table 15 Noise Costs, Auto and Truck, 70-30 Urban-Rural Split, 2014 $ 

 
Noise Costs per VMT 
Low 

Noise Costs per VMT 
Likely 

Noise Costs per VMT 
High 

Auto $0.0009  $0.0012  $0.0014  

Source: FHWA, Parsons Brinckerhoff, 2015 

Economic Costs Included and Assumptions 
In the benefit-cost analysis, the term “cost” refers to the additional resource costs or expenditures re-

quired to implement, operate, and maintain the investments associated with CTfastrak Ladders of Op-

portunity Project. 

This BCA uses project costs that have been estimated for the project on an annual basis. Operations and 

maintenance costs and rehabilitation costs over time, as well as the initial capital costs, have all been 

expressed in constant 2014 dollars. All costs were converted to constant 2014 dollars using the CPI-U.41 

Initial Project Investment Costs 
Initial project investment costs include engineering and design, construction, vehicles, other capital in-

vestments, and contingency factors. Total costs of $26.8 million (2014 dollars) were included in the Project 

budget and included costs beginning in 2017 and ending in 2019, as shown in Table 16. The improved 

facilities are expected to be open and operational at the end of 2019. The project does not require any 

right-of-way acquisition therefore land acquisition costs are not included in the capital costs below. 

Table 16: CTfastrak Ladders of Opportunity Cost Schedule 

Cost (all in 2014 $) Year 2017 Year 2018 Year 2019 Total 

Capital Cost 10,739,514  12,424,393 3,684,879 26,848,785 

Source: CRCOG and CTDOT CTfastrak Ladders of Opportunity Project Budget, 2015 

Annual Operating and Maintenance Costs 
The annual costs of operating and maintaining the project are included in the analysis. Operating and 

maintenance costs are assumed to begin in 2020 which is year one of operation. 

The O&M costs reported are the marginal operating costs, or the costs above and beyond those expected 

in the “no build” scenario. CTDOT reports a cost of $7,333 per mile to handle cleaning, tree pruning, light-

ing replacement, and snow removal. As this cost represents the cost for all facilities, existing or new, a 

                                                           
40  Bureau of Labor Statistics, Consumer Price Index, All Urban Consumers, US City Average, All Items, Series 
CUSR0000SA0. 
41  Bureau of Labor Statistics, Consumer Price Index, All Urban Consumers, U.S. City Average, All Items, Series 
CUSR0000SA0. 
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conservative approach is to assume that rate will only be applied for entirely new facilities, and that a 

fractional amount be applied to improved facilities. 

Periodic Major Rehabilitation and Capital Equipment Replacement Costs  
Several types of initial asset investments will need to be replaced or rehabilitated during the evaluation 

period. Rehabilitation was assumed after 15 years to be conservative, although the average repaving in-

dicated by a survey of right-of-way maintainers indicated an average rehabilitation interval of about 17 

years42 for asphalt surface facilities. Any concrete portions of the improvements will last even longer, so 

a percentage share of replacement for some concrete sections was assumed. Assuming full-depth repav-

ing with high unit costs for asphalt and replacement of 25% of the concrete sections, along with a 20% 

cost contingency, R&R costs were still under $1 million. A value of $1.0 million in 2014 dollars was applied 

in this study to be very conservative on rehabilitation costs to maintain the quality of this investment. 

Residual Value 
The CTfastrak Ladders of Opportunity project is assumed to have (at least) a 30-year life cycle43, after 

which point the facility will be in need of major repairs, rehabilitation, and/or replacement. Year 30 of 

project operations occurs in 2050. This BCA assumes a 25-year evaluation period starting in 2017 at con-

struction, and ending at the close of 2041; therefore at the end of the analysis period, infrastructure that 

has been put in place will not have been completely worn out, and will continue to provide benefits into 

the future. The remaining value of the investments to continue to produce future benefits are captured 

in the Residual Value calculation, also referred to as “Remaining Capital Value,” or RCV. 

The RCV is calculated by determining the percentage of useful life remaining beyond the analysis period, 

and multiplying that percentage by the construction cost for that component. Since we are using a 25-

year analysis period ending at the end of 2041, and a 30-year design life ending at the beginning of 2050, 

the residual value was calculated as 26.67% (8 years remaining of a 30-year design life) of the initial cost 

using the straight-line depreciation method. The remaining capital value is viewed as cost offset or “neg-

ative cost” and is applied to the last year of analysis period as a negative value. This residual value, already 

expressed in 2014 dollars, is discounted back to 2014 in the BCA calculations. 

Key Benefit-Cost Evaluation Measures 
The benefit-cost analysis converts potential gains (benefits) and losses (costs) from the project into mon-

etary units and compares them. The following two common benefit-cost evaluation measures are in-

cluded in this BCA. 

Net Present Value (NPV): The NPV compares the net benefits (incremental benefits minus incremen-

tal costs) after benefits and costs have been discounted to present values using the assumed real 

                                                           
42 Ibid. Error! Bookmark not defined.. 
43 Federal Highway Administration, A Guide for Maintaining Bicycle and Pedestrian Facilities for Enhanced Safety, 
(2011) cites 40 years for Bicycle facilities, but use 25 years for standard pedestrian treatments. 30 used here as an 
average of the two. 
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discount rate. The NPV provides a perspective on the overall dollar magnitude of evaluation period 

cash flows over time in today’s dollar terms. 

Benefit Cost (B/C) Ratio: The benefit-cost ratio calculates the discounted present value of incremental 

benefits divided by the discounted present value of incremental costs to yield the benefit-cost ratio. 

The B/C ratio expresses the relation of discounted benefits to discounted costs as the factor by which 

a project’s benefits either exceed or fall short of their associated costs. 

Benefit-Cost Analysis Results 

Results in Brief 
There were two “cases” conducted for this analysis. Case A assumes a 7.0 percent discount rate, and Case 

B assumes a 3.0 percent discount rate, as prescribed by the U.S. DOT. 

 For the Case A at a 7% discount rate, the proposed CTfastrak Ladders of Opportunity project in-

vestments yield a net present value in 2014 of $18,481,772 and a benefit-cost ratio of 1.92.  

 For the Case B at a 3% discount rate, the proposed project investments yield a net present value 

in 2014 of $44,806,311, and a benefit-cost ratio of 3.07.  

Table 17 presents the evaluation results for the two cases. All benefits and costs were estimated in con-

stant 2014 dollars over an evaluation period extending 25 years beyond system construction starting in 

2017. 

Table 17: Benefit Cost Analysis Summary Results 

Scenario 
Net Present Value 
(2014 $) 

Benefit-Cost 
Ratio 

Case A (7 percent discount rate) $18,481,772 1.92 

Case B (3 percent discount rate) $44,806,311 3.07 

Source: Parsons Brinckerhoff, 2015 

 

Benefits by Category 
Over the entire analysis period, the CTfastrak Ladders of Opportunity projects exhibits a reduction in VMT 

for automobiles, resulting in reduced gallons of gasoline consumed, reduce operational expense, reduced 

noise generation, and reductions in roadway pavement damage. Accident rates decline significantly, due 

to the nature of complete streets, and increase in PMT by bicyclists and pedestrians. This translates to an 

increase in health and mobility for those users. 

Table 18 below outlines the changes in the impact categories. All categories improved, though Safety 

created more benefit than all other categories. On the whole, the project provides significant benefits. 
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Table 18: Project Impacts for CTfastrak Ladders of Opportunity, Cumulative 2017-2041 

Category Direction of Change 

State of Good Repair ▲ 

Economic Competitiveness ▲ 

Safety ▲ 

Livability ▲ 

Sustainability ▲ 

Source: Parsons Brinckerhoff, 2015 

Over the 25-year analysis period, there are $38,613,458 benefits in 2014 dollars and discounted to 2014 

at 7%, or $66,458,886 in benefits in 2014 dollars and discounted to 2014 at 3%. Figure 4 illustrates that 

most of the positive benefits resulted from safety (86 percent) and livability benefits (12%), while the 

remaining categories contributed fractional amounts.  

Figure 4: Cumulative Benefits by Category 

 
Source: Parsons Brinckerhoff, 2015 

Costs over Time 
Figure 5 presents the capital expenditures over time, expressed in constant 2014 dollars before discount-

ing. The capital investments ($26.8 million) were assumed to begin in 2017 and conclude by the middle of 
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2019. These capital costs translate to $20.1 million when discounted to a 2014 present value at 7% and 

$21.6 million when discounted to 2014 at 3%. 

Annual incremental O&M costs over the economic evaluation period (2017-2040) are also expressed in 

constant 2014 dollars before discounting. It is predicted that these costs will keep pace with general in-

flation when expressed in year of expenditure dollars, meaning that in real terms, they will remain gener-

ally constant through 2040. Incremental O&M costs accumulate to $440,000 over 25 years, or $169,963 

when discounted to 2014 at 7% and $292,537 discounted at 3%. 

Periodic rehabilitation of the project elements in 2035 is conservatively predicted to total $1.0 million in 

constant 2014 dollars, or $241,513 when discounted back to 2014 at 7% and $537,549 discounted to 2014 

at 3%. 

Figure 5: Capital, O&M, and Rehabilitation Expenditures in Constant 2014 Dollars Before Discounting 

 
Source: Parsons Brinckerhoff, 2015 

Residual Value 
The remaining capital value of this project in 2014 dollars is $1.2 million when discounted at 7% and $3.2 

million when discounted at 3%. 
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Cumulative Benefits and Costs 
Figure 6 and Figure 7 compare the cumulative 2014 present value discounted benefits with the cumulative 

2014 present value discounted costs over time for both cases, applying the 7 and 3 percent real discount 

rates, respectively. The figures show that the cumulative present value discounted benefits exceed the 

cumulative discounted costs by 2027 with a 7% discount rate, and by 2026 with a 3% discount rate. 

Figure 6: Cumulative Benefits and Costs in 2014 Dollars (Discounted at 7 percent) 

 
Source: Parsons Brinckerhoff, 2015 
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Figure 7: Cumulative Benefits and Costs in 2014 Dollars (Discounted at 3 percent) 

 
Source: Parsons Brinckerhoff, 2015
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APPENDIX A - Benefit-Cost Model Detail Tables 
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Table 19: State of Good Repair Savings by year, 2014 Dollars 

 
Year 

Undiscounted Re-
duced Pavement 
Damage Savings 

Total Discounted at 
7% 

Total Discounted at 
3% 

2017  -     -     -    

2018  -     -     -    

2019 - -  - 

2020 63 42 53 

2021 63 39 51 

2022 63 37 50 

2023 63 34 48 

2024 63 32 47 

2025 63 30 46 

2026 63 28 44 

2027 63 26 43 

2028 63 25 42 

2029 63 23 41 

2030 63 21 39 

2031 63 20 38 

2032 63 19 37 

2033 63 17 36 

2034 63 16 35 

2035 63 15 34 

2036 63 14 33 

2037 63 13 32 

2038 63 12 31 

2039 63 12 30 

2040 63 11 29 

2041       

Total 1,323 486 839 

Source: Parsons Brinckerhoff, 2015 
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Table 20: Economic Competitivess Savings by Year, 2014 Dollars 

Year 

Undiscounted 2014 Dollars 

Total Dis-
counted at 7% 

Total Dis-
counted at 3% 

Vehicle O & M 
Cost Savings 

Fuel Savings 
- Auto 

Oil Import 
Savings - 

Auto 

Economic Com-
petitiveness To-

tal 

2017  -     -     -     -     -     -    

2018  -     -     -     -     -     -    

2019 - - - - - - 

2020 16,344 4,897 958 22,200 14,793 18,592 

2021 16,344 4,878 936 22,158 13,799 18,017 

2022 16,344 4,842 914 22,100 12,863 17,446 

2023 16,344 4,801 891 22,035 11,986 16,889 

2024 16,344 4,750 865 21,959 11,163 16,340 

2025 16,344 4,705 841 21,889 10,400 15,814 

2026 16,344 4,666 818 21,828 9,692 15,310 

2027 16,344 4,628 796 21,767 9,033 14,823 

2028 16,344 4,596 775 21,716 8,422 14,357 

2029 16,344 4,584 758 21,687 7,860 13,920 

2030 16,344 4,575 742 21,661 7,337 13,499 

2031 16,344 4,590 728 21,662 6,858 13,106 

2032 16,344 4,621 715 21,680 6,414 12,735 

2033 16,344 4,651 703 21,698 6,000 12,374 

2034 16,344 4,683 692 21,720 5,613 12,026 

2035 16,344 4,725 683 21,751 5,253 11,693 

2036 16,344 4,764 673 21,781 4,916 11,367 

2037 16,344 4,869 673 21,886 4,617 11,090 

2038 16,344 4,987 673 22,004 4,338 10,825 

2039 16,344 5,122 673 22,139 4,079 10,574 

2040 16,344 5,231 673 22,248 3,831 10,317 

2041             

Total 343,224 100,165 16,180 459,569 169,268 291,113 

Source: Parsons Brinckerhoff, 2015 
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Table 21: Livability Benefits by year, 2014 Dollars 

Year 

 Undiscounted 2014 Dollars 

Total Dis-
counted 
at 7% 

Total Dis-
counted at 
3% 

Health 
Benefits 
- Bicycle 

Health 
Benefits - 
Pedestrian 

Commuter 
Mobility – 
Bicyclists 

Commuter 
Mobility – 
Pedestri-
ans 

Recre-
ation 
Benefit 

Livability 
Total 

2017  -     -     -     -      -     -     -    

2018  -     -     -     -      -     -     -    

2019         

2020  631,427   5,142   11,122   4,556   2,114   654,361   432,602   544,041  

2021  631,427   5,142   11,255   4,556   2,114   654,494   407,586   532,485  

2022  631,427   5,142   11,390   4,556   2,114   654,629   381,000   517,083  

2023  631,427   5,142   11,527   4,556   2,114   654,766   356,149   502,127  

2024  631,427   5,142   11,665   4,556   2,114   654,904   332,920   487,605  

2025  631,427   5,142   11,805   4,556   2,114   655,044   311,207   473,504  

2026  631,427   5,142   11,947   4,556   2,114   655,186   290,910   459,812  

2027  631,427   5,142   12,090   4,556   2,114   655,329   271,938   446,517  

2028  631,427   5,142   12,235   4,556   2,114   655,474   254,204   433,607  

2029  631,427   5,142   12,382   4,556   2,114   655,621   237,627   421,072  

2030  631,427   5,142   12,531   4,556   2,114   655,770   222,132   408,901  

2031  631,427   5,142   12,681   4,556   2,114   655,920   207,647   397,082  

2032  631,427   5,142   12,833   4,556   2,114   656,072   194,108   385,606  

2033  631,427   5,142   12,987   4,556   2,114   656,226   181,452   374,462  

2034  631,427   5,142   13,143   4,556   2,114   656,382   169,622   363,642  

2035  631,427   5,142   13,301   4,556   2,114   656,540   158,563   353,135  

2036  631,427   5,142   13,460   4,556   2,114   656,699   148,226   342,933  

2037  631,427   5,142   13,622   4,556   2,114   656,861   138,563   333,026  

2038  631,427   5,142   13,785   4,556   2,114   657,024   129,530   323,407  

2039  631,427   5,142   13,951   4,556   2,114   657,190   121,087   314,066  

2040  631,427   5,142   14,118   4,556   2,114   657,357   113,194   304,997  

2041         

Total 13,259,95
7  

 107,990   263,829   95,677   44,397   13,771,850   5,060,267   8,719,109  

Source: Parsons Brinckerhoff, 2015 
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Table 22: Safety Savings by year, 2014 Dollars 

Year 
Reduced Accident 

Savings 
Total Discounted at 

7% 
Total Discounted at 

3% 

2017  -     -     -    

2018  -     -     -    

2019 - - - 

2020             4,320,253              2,878,767              3,618,143  

2021             4,320,253              2,690,436              3,512,761  

2022             4,320,253              2,514,426              3,410,447  

2023             4,320,253              2,349,931              3,311,114  

2024             4,320,253              2,196,197              3,214,674  

2025             4,320,253              2,052,521              3,121,042  

2026             4,320,253              1,918,244              3,030,138  

2027             4,320,253              1,792,751              2,941,882  

2028             4,320,253              1,675,468              2,856,196  

2029             4,320,253              1,565,858              2,773,006  

2030             4,320,253              1,463,419              2,692,239  

2031             4,320,253              1,367,681              2,613,824  

2032             4,320,253              1,278,207              2,537,693  

2033             4,320,253              1,194,586              2,463,780  

2034             4,320,253              1,116,435              2,392,019  

2035             4,320,253              1,043,398              2,322,349  

2036             4,320,253                 975,138              2,254,707  

2037             4,320,253                 911,344              2,189,036  

2038             4,320,253                 851,723              2,125,278  

2039             4,320,253                 796,003              2,063,377  

2040             4,320,253                 743,928              2,003,278  

2041       

Total           90,725,313            33,376,462            57,446,982  

Source: Parsons Brinckerhoff, 2015 
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Table 23: Sustainability Savings by year, 2014 Dollars 

Year 

Undiscounted 2014 Dollars 
Total Dis-

counted at 7% 

  

Total Dis-
counted at 3% 

  

Reduced Auto 
Use 

Reduced 
Auto Noise 

Sustainability 
Total 

2017  -     -     -     -     -    

2018  -     -     -     -     -    

2019  -     -     -     -     -    

2020             396                63              459              306              384  

2021             396                63              459              286              373  

2022             396                63              459              267              362  

2023             396                63              459              250              352  

2024             396                63              459              233              341  

2025             396                63              459              218              332  

2026             396                63              459              204              322  

2027             396                63              459              190              312  

2028             396                63              459              178              303  

2029             396                63              459              166              295  

2030             396                63              459              155              286  

2031             396                63              459              145              278  

2032             396                63              459              136              270  

2033             396                63              459              127              262  

2034             396                63              459              119              254  

2035             396                63              459              111              247  

2036             396                63              459              104              239  

2037             396                63              459                97              233  

2038             396                63              459                90              226  

2039             396                63              459                85              219  

2040             396                63              459                79              213  

2041           

Total 8,308 1,329 9,637 3,545 6,102 

Source: Parsons Brinckerhoff, 2015 
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Table 24: Benefits by year, 2014 Dollars 

Year 

Undiscounted 2014 Dollars 

Total Dis-

counted at 

7% 

Total Dis-

counted at 

3% Sustainability Livability 

Economic Com-

petitiveness 

State of 

Good 

Repair Safety 

Benefits To-

tal 

2017 - - -  - - - - 

2018 - - -  - - - - 

2019 - - - - - - - - 

2020 459 654,361 22,200 63 4,320,253 4,999,355 3,329,936 4,180,883 

2021 459 654,494 22,158 63 4,320,253 4,999,448 3,112,146 4,063,366 

2022 459 654,629 22,100 63 4,320,253 4,999,526 2,908,593 3,945,076 

2023 459 654,766 22,035 63 4,320,253 4,999,599 2,718,350 3,830,226 

2024 459 654,904 21,959 63 4,320,253 4,999,662 2,540,546 3,718,713 

2025 459 655,044 21,889 63 4,320,253 4,999,733 2,374,375 3,610,451 

2026 459 655,186 21,828 63 4,320,253 4,999,815 2,219,078 3,505,349 

2027 459 655,329 21,767 63 4,320,253 4,999,899 2,073,939 3,403,308 

2028 459 655,474 21,716 63 4,320,253 4,999,993 1,938,297 3,304,244 

2029 459 655,621 21,687 63 4,320,253 5,000,112 1,811,535 3,208,079 

2030 459 655,770 21,661 63 4,320,253 5,000,235 1,693,065 3,114,717 

2031 459 655,920 21,662 63 4,320,253 5,000,388 1,582,352 3,024,088 

2032 459 656,072 21,680 63 4,320,253 5,000,559 1,478,884 2,936,108 

2033 459 656,226 21,698 63 4,320,253 5,000,732 1,382,182 2,850,688 

2034 459 656,382 21,720 63 4,320,253 5,000,911 1,291,805 2,767,757 

2035 459 656,540 21,751 63 4,320,253 5,001,101 1,207,340 2,687,244 

2036 459 656,699 21,781 63 4,320,253 5,001,291 1,128,398 2,609,074 

2037 459 656,861 21,886 63 4,320,253 5,001,559 1,054,634 2,533,216 

2038 459 657,024 22,004 63 4,320,253 5,001,841 985,694 2,459,572 

2039 459 657,190 22,139 63 4,320,253 5,002,143 921,265 2,388,078 

2040 459 657,357 22,248 63 4,320,253 5,002,420 861,043 2,318,650 

2041                 

Total 9,637 13,771,850 459,569 1,323 90,725,313 105,010,322 38,613,458 66,458,886 

Source: Parsons Brinckerhoff, 2015 
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Table 25: Costs by year, 2014 Dollars 

Year 

Undiscounted 2014 Dollars 
Total Dis-
counted at 

7% 

Total Dis-
counted at 

3% 
Capital 
Costs O&M Costs Rehabilitation 

Residual 
Value 

Total 
Costs 

2017     10,739,514        10,739,514       8,766,642         9,828,177  

2018     12,424,393    -     -       -        12,424,393        9,478,510      11,038,912  

2019      3,684,879    -       -      -          3,684,879       2,627,267        3,178,609  

2020                      -            22,000    -       -               22,000             14,660              18,425  

2021                      -            22,000    -       -               22,000             13,700              17,888  

2022                      -            22,000    -       -               22,000             12,804              17,367  

2023                      -            22,000    -       -               22,000             11,967              16,861  

2024                      -            22,000    -       -               22,000             11,184              16,370  

2025                      -            22,000    -       -               22,000             10,452              15,893  

2026                      -            22,000    -       -               22,000               9,768              15,430  

2027                      -            22,000    -       -               22,000               9,129              14,981  

2028                      -            22,000    -       -               22,000               8,532              14,545  

2029                      -            22,000    -       -               22,000               7,974              14,121  

2030                      -            22,000    -       -               22,000               7,452              13,710  

2031                      -            22,000    -       -               22,000               6,965              13,310  

2032                      -            22,000    -       -               22,000               6,509              12,923  

2033                      -            22,000    -       -               22,000               6,083              12,546  

2034                      -            22,000      -               22,000               5,685              12,181  

2035                      -            22,000         1,000,000    -          1,022,000           246,826            549,375  

2036                      -            22,000    -       -               22,000               4,966              11,482  

2037                      -            22,000    -       -               22,000               4,641              11,147  

2038                      -            22,000    -                 22,000               4,337              10,823  

2039                      -            22,000    -       -               22,000               4,053             10,507  

2040                      -            22,000                22,000               3,788             10,201  

2041                      -      -       -      (7,159,676)     (7,159,676)        (1,152,209)      (3,223,208 ) 

Total 26,848,785 462,000 1,000,000 (7,159,676) 21,151,109 20,131,686 21,652,575 

Source: Parsons Brinckerhoff, 2015 
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Table 26: Net Benefit by year, 2014 Dollars 

Year 

Undiscounted 2014 Dollars 
Discounted 
Net Bene-

fits, 7% 

Discounted 
Net Bene-

fits, 3% Costs Benefits 
Net Bene-

fits 

2017 10,739,514 - (10,739,514) (8,766,642) (9,828,177) 

2018 12,424,393 - (12,424,393) (9,478,510) (11,038,912) 

2019 3,684,879 - (3,684,879) (2,627,267) (3,178,609) 

2020 22,000 4,999,355 4,977,355 3,315,276 4,162,458 

2021 22,000 4,999,448 4,977,448 3,098,446 4,045,478 

2022 22,000 4,999,526 4,977,526 2,895,789 3,927,709 

2023 22,000 4,999,599 4,977,599 2,706,384 3,813,365 

2024 22,000 4,999,662 4,977,662 2,529,362 3,702,342 

2025 22,000 4,999,733 4,977,733 2,363,923 3,594,558 

2026 22,000 4,999,815 4,977,815 2,209,310 3,489,918 

2027 22,000 4,999,899 4,977,899 2,064,810 3,388,327 

2028 22,000 4,999,993 4,977,993 1,929,765 3,289,699 

2029 22,000 5,000,112 4,978,112 1,803,561 3,193,958 

2030 22,000 5,000,235 4,978,235 1,685,613 3,101,007 

2031 22,000 5,000,388 4,978,388 1,575,387 3,010,778 

2032 22,000 5,000,559 4,978,559 1,472,375 2,923,185 

2033 22,000 5,000,732 4,978,732 1,376,099 2,838,142 

2034 22,000 5,000,911 4,978,911 1,286,120 2,755,576 

2035 1,022,000 5,001,101 3,979,101 960,514 2,137,869 

2036 22,000 5,001,291 4,979,291 1,123,432 2,597,592 

2037 22,000 5,001,559 4,979,559 1,049,993 2,522,069 

2038 22,000 5,001,841 4,979,841 981,357 2,448,750 

2039 22,000 5,002,143 4,980,143 917,212 2,377,570 

2040 22,000 5,002,420 4,980,420 857,255 2,308,449 

2041 (7,159,676) 0 7,159,676 1,152,209 3,223,208 

Total 21,151,109 105,010,322 83,859,213 18,481,772 44,806,311 

Source: Parsons Brinckerhoff, 2015 


