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Introduction 

A benefit-cost analysis (BCA) was conducted for the Replacing Aging and Poor Infrastructure to Drive 

Productivity (RAPIDS) (i.e., the Project) to support the discretionary grant application for the U.S. 

Department of Transportation’s (USDOT) BIP grant program.  

The Project consists of replacing the end-of-life bridge connecting the North Carolina City of Roanoke 

Rapids to the south and the Town of Gaston to the north, which are in Halifax County and Northampton 

County, respectively (see Figure 1). 

Figure 1: Project Location 

 

RAPIDS seeks to install a new bridge adjacent to the existing aging bridge structure, maintaining 

operations of the existing bridge during construction as to not impede connectivity between the north 

and south sides of the river via this route. The existing bridge structure will be demolished at the 

completion of the new bridge. The new bridge will have higher, 42-inch railings which comply with current 

design codes as opposed to the shorter 33-inch railings on the existing structure. 

In addition to the bridge component of the project, there are roadway improvements which include the 

addition of a new truck pull-off loop on the west side of Gaston Road, across the street from the West 
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Rock paper mill. This loop will allow trucks waiting to enter the paper mill yard to queue off Gaston Road, 

as they currently queue on Gaston Road and block other vehicles passing the mill. Additionally, two truck 

traffic routes at the N.C. 48 Roanoke Avenue Extension intersection will improve sidewalk and traffic 

operations with the installation of 1,500 feet of sidewalk at Vepco St and the WestRock Main Entrance on 

the south side of the bridge. The improvements installed in the Project are shown in Figure 2, with 

improvements to the bridge depicted in purple and improvements to the roadway depicted in green. 

Figure 2: Conceptual Design of Proposed Improvement 

 

 

The BCA analysis was conducted in accordance with the USDOT’s 2022 Benefit-Cost Analysis Guidance for 

Discretionary Grant Programs1 for a 26-year analysis period beginning with capital outlays in 2021 through 

to 2027 and operations from 2028 to 2047. Operations of the new infrastructure will commence in January 

2028 under the Build scenario. The Project schedule is presented in   

 
1 https://www.transportation.gov/office-policy/transportation-policy/benefit-cost-analysis-guidance-

discretionary-grant-programs-0  



 

 

Benefit-Cost Analysis Technical Memorandum 3 

Figure 3. The utility relocation component of the project is planned to start Q4 2023 while construction 

mobilization is scheduled for Q4 2024. Note that utility relocation is part of the critical path to 

construction; therefore, NCDOT expects to meet the BIP statutory requirement to begin construction well 

in advance than 18 months after the date on which BIP funds will be obligated for RAPIDS. 
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Figure 3: Project Schedule 

 

The realization of the Project will deliver a variety of benefits, most notably an increase in mobility and 

economic competitiveness, a reduction in vehicle miles traveled (VMT), a reduction in vehicular accidents, 

and the avoidance of millions in operations and maintenance costs. Table 1 summarizes the current 

problem, the proposed solution with associated benefits and the affected population. Notable economic 

benefits that the Project will deliver, consistent with the overarching long-term outcomes criteria sought 

after by the USDOT’s BIP program.  



 

Benefit-Cost Analysis Technical Memorandum 5 

Table 1: Project Matrix 

Current Status/ 

Baseline & Problem 

to Be Addressed 

Change to Baseline or 

Alternatives 

Types of Benefits Affected Population Economic 

Benefit (2020$ 

M, discounted 

at 7%) 

Option 

1 

Option 

2 

The existing bridge 

was built in 1957 

and has passed the 

end of its useful 

lifespan. The bridge 

is structurally 

deficient and does 

not meet current 

geometric design 

standards. NCDOT is 

performing ongoing 

maintenance and 

rehabilitation, which 

do not eliminate the 

need to replace the 

bridge, but rather is 

an expensive 

interim solution, 

until funding can be 

obtained to rebuild 

the bridge. 

The project will reconstruct 

the NC 48 Gaston Road 

Bridge over the Roanoke 

River between the City of 

Roanoke Rapids in Halifax 

County and the Town of 

Gaston in Northampton 

County, North Carolina. 

Additionally, the project 

will widen the bridge 

shoulders to enrich bike-

ped connectivity and build 

a new truck bypass to 

improve traffic flow. Faced 

with an imminent need to 

replace the current bridge, 

NCDOT has developed a 

solution to create a safer, 

more reliable, and efficient 

transportation system for 

the future.  

State of Good Repair       

O&M Costs Avoided NCDOT, taxpayers $4.0 $2.2 

Residual Value NCDOT, taxpayers $1.9 $1.9 

Pavement Cost Avoided Due to Ice Roads 

Detour 

NCDOT, taxpayers $1.6 $1.6 

Safety       

Reduced Roadway Fatalities and Crashes -- 

Commuters/Students 

Roadway users $0.0 $7.6 

Reduced Roadway Fatalities and Crashes -- 

Trucks 

Roadway users $2.2 $2.2 

Higher Bridge Railing (from 33'' to 42'') Bike/ped users Qualitative 

Reduced Bike/Ped Accidents due to Wider 

Shoulder/Sidewalk Improvements 

Bike/ped users Qualitative 

Reduced Roadway Accidents due to Traffic 

Flow Improvement 

Roadway users Qualitative 

Mobility and Economic Competitiveness       

Travel Time Savings (TTS) -- 

Commuters/Students 

Roadway users $0.0 $13.6 

TTS -- Trucks Roadway users $4.3 $4.3 

Vehicle Operating Cost Avoided (VOC) -- 

Commuters/Students 

Roadway users $0.0 $9.3 

VOC -- Trucks Roadway users $5.7 $5.7 

Congestion Reduction -- 

Commuters/Students 

Roadway users $0.0 $2.6 

Congestion Reduction -- Trucks Roadway users $1.9 $1.9 

Value of the Trip Not Taken Gaston & Roanoke Rapids community $0.0 $71.1 

Reliability Roadway users Qualitative 
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Current Status/ 

Baseline & Problem 

to Be Addressed 

Change to Baseline or 

Alternatives 

Types of Benefits Affected Population Economic 

Benefit (2020$ 

M, discounted 

at 7%) 

Option 

1 

Option 

2 

Climate Change, Resiliency, and the 

Environment 

      

Emissions Avoided* -- Commuters/Students Gaston & Roanoke Rapids community $0.0 $2.3 

Emissions Avoided -- Trucks Gaston & Roanoke Rapids community $3.5 $3.5 

Idling Emission Avoided -- Trucks Gaston & Roanoke Rapids community $0.1 $0.1 

Noise Avoided -- Commuters/Students Gaston & Roanoke Rapids community $0.0 $0.0 

Noise Avoided -- Trucks Gaston & Roanoke Rapids community $0.2 $0.2 

Quality of Life       

Health Increase due to Ped/Bike Lane Bike/ped users $2.8 $2.8 

Better Connectivity to Roanoke Canal Trail Bike/ped users Qualitative 

Emergency Response Delay Avoided under 

Major Event/Backup 

Gaston & Roanoke Rapids community Qualitative 

Innovation       

ITS Installation Roadway users Qualitative 

DBE/WBE Participation Gaston & Roanoke Rapids community Qualitative 

  Flexible Asset Management Services (FAMS) NCDOT, taxpayers Qualitative 
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Benefit Analysis Framework 

The BCA was conducted using the Benefit-Cost Analysis Guidance for Discretionary Grant Programs 

document published by the USDOT in March 2022. Where available in the Guidance, rates and 

monetization factors were used verbatim from the Guidance. Other methodologies described in the 

Guidance with flexibility on how the benefit may be calculated where applied on this analysis. Some 

project-specific values have been substituted in lieu of national averages when available. For 

modifications to the methodologies outlined in the BCA Guidance, sources and assumptions have been 

provided in the analysis. This is a conservative estimate of the benefits on the project; therefore, the 

actual total benefits may be greater than depicted in the results while the project continues to be 

developed. 

In the analysis, the baseline condition assumes that the Project would not be built, and current conditions 

and operations would continue in the project area, noted throughout the BCA as the No Build scenario. 

Under the No Build, the purpose of and need for the Project would not be achieved; the existing 

infrastructure would have to be operated and maintained as it is currently. The condition in which the 

project is built is referred to the Build scenario. This was compared to the baseline to identify benefits and 

costs of building the project versus not building the project. 

The analysis applied the traffic data from the Traffic Forecast Report for the BR-0021 NC 48 (Gaston Road) 

Bridge #410051 published in November 2018, as well as safety incident and cost data from other sources 

to calculate the conditions in the No Build and Build scenarios. These conditions were compared between 

the anticipated opening year of 2028 and the future year of 2047, providing a 20-year period of analysis. 

Per the BCA Guidance, costs are represented at constant 2020 dollars. The use of constant dollar values 

requires that a real discount rate be used discounting to the present value. Per the BCA guidance, a 7 

percent discount rate is applied to values, except for CO2 discounted values at 3 percent. 

This analysis consists of two No Build scenarios, Option 1 and Option 2: 

• Option 1 is where the bridge is maintained as it is, where passenger vehicles will continue to travel 

over the bridge during the period of analysis, but trucks will need to be rerouted to NC 46, I-95, 

and US 158 due to future weight restrictions on the bridge starting in 2028.  

• Option 2 is where the bridge maintenance is no longer possible and the bridge is forced into 

disrepair, leading to the closure of the bridge by 2030. Starting in 2030 passenger vehicle traffic 

is diverted. Trucks will need to be rerouted to NC 46, I-95, and US 158 due to future weight 

restrictions on the bridge starting in 2028.  

NCDOT mentioned that trucks diverted to I-95 (from the NC 48 bridge) may not be possible in the future 

due to weight restrictions on the I-95 Roanoke River bridge. Therefore, trucks may need to detour to US 

301; which has bigger implications in terms of cost avoided.  

The detailed analysis for both scenarios of the project are included in the BCA Workbook. 

Benefit Analysis Assumptions  

The BCA evaluates the benefits and costs of implementing the Project (i.e., Build scenario) against the No 

Build scenarios in which the Project does not occur. The analysis utilizes information from several sources 

from both government agencies and consultants engaged by the applicant, as well several assumptions 

which are compliant with the latest USDOT guidance. 

A list of assumptions for the Project is provided in the BCA workbook (see Inputs tab in the file NCDOT 
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RAPIDS BIP BCA Final.xlsx) as well as in Table 2. 

Table 2: Benefit-Cost Analysis Inputs 

Input Value  Source  

General     

Discount Rate  7% BCA Guidance for Discretionary Grant 

Programs - March, 2022 

Discount Rate  3% Sensitivity 

Deflator See 

"Deflator" 

Sheet  

Table 10.1: 

https://www.whitehouse.gov/sites/white

house.gov/files/omb/budget/ 

Discount Year 2020 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

Dollar Year 2020 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

Project Service Life (years) -- New 

structure 

100 
 

Project Service Life (years) -- Current 

structure (from 1957) 

50 
 

Analysis Period (years) 20 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

No Build Option 1 
 

 NC 48 bridge will need high annual O&M 

cost, and trucks will divert to I-95 due to 

weight restrictions. 

No Build Option 2 
 

 NC 48 bridge will be closed in the future, 

trucks and commuters/students will divert 

to I-95, personal trips will not be taken. 

Bridge close due to failure 2030 See Inspection Report 2015 -- See Screen 

Shot in BCA Workbook 

Analysis Period Begin - Benefits Realized 2028 Assumed January 1st 

Analysis Period End 2047 Assumed December 31st 

Passengers Per Vehicle (All Travel) 1.67 BCA Guidance for Discretionary Grant 

Programs - March, 2022 Passenger Truck 1 

Conversion rate for Metric tons to Short 

Tons 

1.1015 

Conversion rate for grams per metric 

ton 

1,000,000 https://www.metric-

conversions.org/weight/grams-to-metric-

tons.htm 

Conversion rate for kg per metric ton 1,000 https://www.metric-

conversions.org/weight/kilograms-to-

metric-tons.htm 

Conversion - minutes to hours 60 
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Input Value  Source  

Person miles traveled definition – Person 

miles traveled by mode measures the 

amount that the average person either 1) 

walks in a year or 2) drives in a year in 

private vehicles, including cars, vans, 

sport utility vehicles, pickup tricks, 

taxicabs, other trucks, recreational 

vehicles, motorcycles, and light electric 

vehicles such as golf carts. 

 https://www.transportation.gov/mission/

health/person-miles-traveled-mode 

Average travelled distance (miles) -- No 

build 

0.80 Google map on the right 

Total person miles traveled (AADT, 

2028) 

4,121,725 Value is underestimated since it does not 

include bike/ped counts 

Model     

Annualization 330 Assumption 

Percentage of Vehicles that are trucks 6.0% STV Engineers Inc. Forecast Report 

VOC light duty vehicle (2020$) $0.45 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

VOC Commercial Trucks (2020$) $0.94 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

FHWA Highway Cost Allocation Study, 

2000 Addendum, Table 13, 

https://www.fhwa.dot.gov/policy/hcas/ad

dendum.cfm (assumes all of the trips are 

on urban highways) 

Value per Induced Trip -- Walking 

(2020$) 

$7.08 

Marginal Pavement Costs per VMT 

($/mile) - Light Duty/Urban (2000$) 

$0.0010 

Marginal Pavement Costs per VMT 

($/mile) - Light Duty/Urban (2020$) 

$0.0015 Converted using GDP deflator 

Marginal Pavement Costs per VMT 

($/mile) - 60 Kip 4 Axle US Truck/Urban 

Interstate (2000$) 

$0.18 FHWA Highway Cost Allocation Study, 

2000 Addendum, Table 13, 

https://www.fhwa.dot.gov/policy/hcas/ad

dendum.cfm (assumes all of the trips are 

on urban highways) 

Marginal Pavement Costs per VMT 

($/mile) - Truck/Urban (2020$) 

$0.26 Converted using GDP deflator 

Marginal Congestion Costs per VMT 

($/mile) - Light Duty/Urban (2020$) 

$0.12 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

Marginal Congestion Costs per VMT 

($/mile) - Truck/Urban (2020$) 

$0.310 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

  Marginal Noise Costs per VMT ($/mile) - 

Light Duty/Urban (2020$) 

$0.0017 

Marginal Noise Costs per VMT ($/mile) - 

Truck/Urban (2020$) 

$0.0393 
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Input Value  Source  

Trip Purpose     

Personal 74% See Trip Purpose tab 

Non-Personal (commute to 

work/school) 

26%   

Costs     

Planning (2021$) $2,340,000 Assumption @ 10% 

Planning (2020$) $2,270,244 Converted using GDP deflator 

Professional Services (2021$) $3,053,000 NCDOT 

Professional Services (2020$) $2,961,990 Converted using GDP deflator 

ROW (2021$) $474,400 NCDOT 

ROW (2020$) $460,258 Converted using GDP deflator 

Utility Relocation (2021$) $2,202,933 NCDOT + Assumption for Dry Utilities 

Utility Relocation (2020$) $2,142,828 Converted using GDP deflator 

Construction (2021$) $18,878,391 NCDOT 

Construction (2020$) $18,363,312 Converted using GDP deflator 

Contingency (2021$) $2,387,440 Assumption @ 10% 

Contingency (2020$) $2,316,270 Converted using GDP deflator 

Assumed Contingency 10% Assumption 

Economic Competitiveness     

Value of Time - Personal (2020$) $16.20 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

Value of Time - Business (2020$) $29.40 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

  

Value of Time - All Purposes (2020$) $17.80 

Value of Time - Truck Drivers (2020$) $32.00 

Value per Induced Trip -- Cycling (2020$) $6.31 

Value per Induced Trip -- Walking (2020$) $7.08   

Assumed Percentage of AADT Induced 

Bike/Ped Trips 

1% Assumption 

Safety Improvements     

Property Damage Only (PDO) Crashes 

(per vehicle) 

$4,600 BCA Guidance for Discretionary Grant 

Programs - March, 2022 

Injury Crash $302,600 BCA Guidance for Discretionary Grant 

Programs - March, 2022 Fatal Crash $12,837,400 

Fatalities (per 100,000,000 VMT) 1.59 Source: 2021 NCDOT Annual Report 
 

  2021-annual-report.pdf (ncdot.gov) 

Injured persons (per 100,000,000 VMT) 79 Source: 2020 BTS Motor Vehicle Safety 

Data Table 2-17 

Crashes (per 100,000,000 VMT) 181 https://www.bts.gov/content/motor-
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Input Value  Source  

vehicle-safety-data 

Current Shoulder Width, Feet 3.00   

New Shoulder Width, Feet 8.00   

Crash Modification Factor (CMF) 0.86 https://www.cmfclearinghouse.org/detail.

cfm?facid=4817#commentanchor 

CO2 per passenger mile - Auto (pounds) 0.96 https://www.transit.dot.gov/sites/fta.dot.

gov/files/docs/PublicTransportationsRoleI

nRespondingToClimateChange2010.pdf 

CO2 per passenger mile - Commuter Rail 

(pounds) 

0.33 https://www.transit.dot.gov/sites/fta.dot.

gov/files/docs/PublicTransportationsRoleI

nRespondingToClimateChange2010.pdf 

https://www.rapidtables.com/convert/we

ight/pound-to-gram.html 

Pound to grams 453.59 

Gram to Metric Tons 0.000001 https://www.inchcalculator.com/convert/

gram-to-metric-ton/ 

PM2.5 per mile - Auto (grams) 0.0041 https://nepis.epa.gov/Exe/ZyNET.exe/P10

0EVXP.txt?ZyActionD=ZyDocument&Client

=EPA&Index=2006%20Thru%202010&Doc

s=&Query=&Time=&EndTime=&SearchMe

thod=1&TocRestrict=n&Toc=&TocEntry=&

QField=&QFieldYear=&QFieldMonth=&QFi

eldDay=&UseQField=&IntQFieldOp=0&Ext

QFieldOp=0&XmlQuery=&File=D%3A%5CZ

YFILES%5CINDEX%20DATA%5C06THRU10

%5CTXT%5C00000033%5CP100EVXP.txt&

User=ANONYMOUS&Password=anonymo

us&SortMethod=h%7C-

&MaximumDocuments=1&FuzzyDegree=0

&ImageQuality=r75g8/r75g8/x150y150g1

6/i425&Display=hpfr&DefSeekPage=x&Se

archBack=ZyActionL&Back=ZyActionS&Bac

kDesc=Results%20page&MaximumPages=

1&ZyEntry=4  

VOC per mile - Auto (grams) 1.03 https://nepis.epa.gov/Exe/ZyNET.exe/P10

0EVXP.txt?ZyActionD=ZyDocument&Client

=EPA&Index=2006%20Thru%202010&Doc

s=&Query=&Time=&EndTime=&SearchMe

thod=1&TocRestrict=n&Toc=&TocEntry=&

QField=&QFieldYear=&QFieldMonth=&QFi

eldDay=&UseQField=&IntQFieldOp=0&Ext

QFieldOp=0&XmlQuery=&File=D%3A%5CZ

YFILES%5CINDEX%20DATA%5C06THRU10

%5CTXT%5C00000033%5CP100EVXP.txt&

User=ANONYMOUS&Password=anonymo

NOx per mile - Auto (grams) 0.69 

SO2 per mile - Auto (grams) 0.11 
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Input Value  Source  

us&SortMethod=h%7C-

&MaximumDocuments=1&FuzzyDegree=0

&ImageQuality=r75g8/r75g8/x150y150g1

6/i425&Display=hpfr&DefSeekPage=x&Se

archBack=ZyActionL&Back=ZyActionS&Bac

kDesc=Results%20page&MaximumPages=

1&ZyEntry=4  

CO2 per mile - Heavy-Duty Trucks, diesel 

(grams) 

1740 https://scholarworks.rit.edu/cgi/viewcont

ent.cgi?article=10212&context=theses 

PM2.5 per mile - Heavy-Duty Trucks, 

Class VIIIa, diesel (grams) 

0.215 https://nepis.epa.gov/Exe/ZyNET.exe/P10

0EVY6.txt?ZyActionD=ZyDocument&Client

=EPA&Index=2016%20Thru%202020%7C1

991%20Thru%201994%7C2011%20Thru%

202015%7C1986%20Thru%201990%7C20

06%20Thru%202010%7C1981%20Thru%2

01985%7C2000%20Thru%202005%7C197

6%20Thru%201980%7C1995%20Thru%20

1999%7CPrior%20to%201976%7CHardcop

y%20Publications&Docs=&Query=Average

%20In-Use%20Emissions%20Heavy-

Duty%20Trucks&Time=&EndTime=&Searc

hMethod=2&TocRestrict=n&Toc=&TocEnt

ry=&QField=&QFieldYear=&QFieldMonth=

&QFieldDay=&UseQField=&IntQFieldOp=0

&ExtQFieldOp=0&XmlQuery=&File=D%3A

%5CZYFILES%5CINDEX%20DATA%5C06TH

RU10%5CTXT%5C00000033%5CP100EVY6.

txt&User=ANONYMOUS&Password=anony

mous&SortMethod=h%7C-

&MaximumDocuments=15&FuzzyDegree=

0&ImageQuality=r85g16/r85g16/x150y15

0g16/i500&Display=hpfr&DefSeekPage=x

&SearchBack=ZyActionL&Back=ZyActionS

&BackDesc=Results%20page&MaximumP

ages=1&ZyEntry=4  

VOC per mile - Heavy-Duty Trucks, Class 

VIIIa, diesel (grams) 

0.455 https://nepis.epa.gov/Exe/ZyNET.exe/P10

0EVY6.txt?ZyActionD=ZyDocument&Client

=EPA&Index=2016%20Thru%202020%7C1

991%20Thru%201994%7C2011%20Thru%

202015%7C1986%20Thru%201990%7C20

06%20Thru%202010%7C1981%20Thru%2

01985%7C2000%20Thru%202005%7C197

6%20Thru%201980%7C1995%20Thru%20

1999%7CPrior%20to%201976%7CHardcop

y%20Publications&Docs=&Query=Average

%20In-Use%20Emissions%20Heavy-

NOx per mile - Heavy-Duty Trucks, Class 

VIIIa, diesel (grams) 

9.191 

SO2 per mile - Heavy-Duty Trucks, Class 

VIIIa, diesel (grams) 

0.120 
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Input Value  Source  

Duty%20Trucks&Time=&EndTime=&Searc

hMethod=2&TocRestrict=n&Toc=&TocEnt

ry=&QField=&QFieldYear=&QFieldMonth=

&QFieldDay=&UseQField=&IntQFieldOp=0

&ExtQFieldOp=0&XmlQuery=&File=D%3A

%5CZYFILES%5CINDEX%20DATA%5C06TH

RU10%5CTXT%5C00000033%5CP100EVY6.

txt&User=ANONYMOUS&Password=anony

mous&SortMethod=h%7C-

&MaximumDocuments=15&FuzzyDegree=

0&ImageQuality=r85g16/r85g16/x150y15

0g16/i500&Display=hpfr&DefSeekPage=x

&SearchBack=ZyActionL&Back=ZyActionS

&BackDesc=Results%20page&MaximumP

ages=1&ZyEntry=4  

https://scholarworks.rit.edu/cgi/viewcont

ent.cgi?article=10212&context=theses 

Cost of VOC per Ton (2015$) $27,500 https://www.epa.gov/sites/default/files/2

015-

07/documents/mar07_cost_estimation.pd

f 

Cost of VOC per Ton (2020$) $29,836 Converted using GDP deflator 

 

General Assumptions 

Discounted Rates 

Consistent with the USDOT’s guidance for discretionary grants, a real discount rate of 7 percent was used 

for this analysis. Project investments are expressed in constant 2020 dollars. In instances where 

assumptions or cost estimates are expressed in dollar values for other years, the Chained Price Index 

information from the White House Office of Management and Budget’s Gross Domestic Product and 

Deflators has been used to bring these to 2020-dollar figures.2 Benefit valuations for future years are 

expressed in 2020 dollars, discounted to 2020 at 7 percent. 

Evaluation Period 

The BCA analysis was conducted in accordance with the USDOT’s 2022 Benefit-Cost Analysis Guidance for 

Discretionary Grant Programs3 for a 26-year analysis period beginning with capital outlays in 2021 through 

to 2027 and operations from 2028 to 2047. Operations of the new infrastructure will commence in January 

2028 under the Build scenario. The evaluation period in this assessment is 26 years, extending from 2021 

through to the end of 2047. This evaluation period begins in the year in which capital expenditures for the 

 
2 White House Office of Management and Budget. Historical Tables, Table 10.1 – Gross Domestic 

Product and Deflators Used in the Historical Tables 1940-2027. Accessed from 

https://www.whitehouse.gov/omb/budget/historical-tables/ 
3 https://www.transportation.gov/office-policy/transportation-policy/benefit-cost-analysis-guidance-

discretionary-grant-programs-0  
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Project began, plus 20 years of operations of the infrastructure improvements and other associated works 

of the Project. This analysis assumes that construction of the Project (i.e., utility relocation component) 

begins in 2023 and will continue through to 2027. Operations of the new bridge will begin in January 2028. 

All benefits and costs are assumed to occur at the end of the year. 

Key Benefit-Cost Evaluation Measures 

The BCA converts potential gains (benefits) and losses (costs) resulting from the implementation of the 

Project into monetary units and compares them. The following two common benefit-costs evaluation 

measures are included in this analysis. 

Net Present Value (NPV) 

NPV compares the net benefits (benefits less costs) after being discounted to present values using the 

real discount rate assumption. The NPV provides a perspective on the overall dollar magnitude of cash 

flows over time in 2020 dollars (2020$). 

Benefit-Cost Ratio (BCR) 

The BCR expresses the relation of discounted benefits to discounted costs as a measure of the extent to 

which the project benefits either exceed or fall short of their associated costs. 

Traffic Counts  

Traffic counts were conducted in 2018 and documented in the 2018 BR-0021 Traffic Forecast Report. 

The scenarios evaluated under the analysis are: 2018 Base Year No Build (BY NB) and 2040 Future Year 

No Build/Build (FY NB/B). Figure 4 and   
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Table 3 describe the results from the traffic forecast analysis.  

Figure 4: 2018/2040 Average Annual Daily Traffic 

 
Source: 2018 BR-0021 Traffic Forecast Report 
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Table 3: AADT for 2018 Base Year and 2040 Future Year 

  2018 2040 

Southbound 5050 5150 

Northbound 5050 5150 

Total 10100 10300 
Source: 2018 BR-0021 Traffic Forecast Report 

 

Traffic count values between 2018 and 2047 were estimated by interpolation. Table 4 summarizes the 

estimated the volume of traffic in both north- and south-bound directions over the bridge. The analysis 

assumes an annualization factor of 330 days operations per year. Note that trucks along this route operate 

24 hours 7 days a week, therefore the analysis underestimate ADT.  

Table 4: Forecasted ADT for Personal Vehicles and Trucks 

Year 

Total ADT @ NC-

48 Bridge 

Total ADT to I-95 

(6% diverted) 

2028 3,161,220 201,780 

2029 3,164,040 201,960 

2030 3,166,860 202,140 

2031 3,169,680 202,320 

2032 3,172,500 202,500 

2033 3,175,320 202,680 

2034 3,178,140 202,860 

2035 3,180,960 203,040 

2036 3,183,780 203,220 

2037 3,186,600 203,400 

2038 3,189,420 203,580 

2039 3,192,240 203,760 

2040 3,195,060 203,940 

2041 3,197,880 204,120 

2042 3,200,700 204,300 

2043 3,203,520 204,480 

2044 3,206,340 204,660 

2045 3,209,160 204,840 

2046 3,211,980 205,020 

2047 3,214,800 205,200 

 

Travel Time and Vehicle Miles Traveled 

Annual travel time savings (TTS) estimations were derived using Google Maps travel distances and 

durations based on a no-traffic scenario. Travel times were estimated for both north- and south-bound 

traffic using the bridge between the City of Roanoke Rapids and the Town of Gaston. The TTS were then 

allocated by cars and trucks according to the traffic data volume of each mode.  

Annual vehicle miles traveled (VMT) were derived from Google Maps travel distances based on a no-traffic 

scenario. VMT was estimated for both north and south-bound traffic travelling through the NC 48 bridge 
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between the City of Roanoke Rapids and the Town of Gaston under the Build scenario. Under the No Build 

scenarios, trucks and/or personal vehicles detoured to I-95. 

Changes between the Build and No Build scenarios VMT are used to calculate different benefits, which 

will be highlighted in the outcomes section of the analysis.  

Table 5: Travel Times and Travel Distance Assumptions 

  Southbound Northbound 

 Miles Time (minutes) Miles Time (minutes) 

Current (A) 3.7 8 3.7 8 

Reroute (B) 8.1 13 8.3 15 

Delta (C=A – B) -4.4 -5 -4.6 -7 

Source: Google maps; for more details, refer to the workbook.  

Vehicle Hours Travelled 

For the analysis period (i.e., 2028-2047), the traffic forecast was applied to three separate routes to 

calculate vehicle hour travelled (VHT). Under the Build scenario, all vehicles drive thought the new bridge, 

so they are utilizing NC 48. In No Build Option 1, passenger vehicles continue using the existing NC 48 

bridge, but trucks will be rerouted starting in 2028. In No Build Option 2, passenger vehicles will drive 

through NC 48 bridge until bridge closure in 2030, where they will then be detoured to I-95. Trucks will 

be detoured to I-95 as well starting in 2028. See Table 6 for VHT values. 

Table 6: VHT for No Build and Build Scenarios in Hours (2028-2047) 

 Build Scenario No Build Option 1 No Build Option 2 

Year SB Annual 

Travel Time 

(hours) 

NB Annual 

Travel Time 

(hours) 

SB Annual 

Travel Time 

(hours) 

NB Annual 

Travel Time 

(hours) 

SB Annual 

Travel Time 

(hours) 

NB Annual 

Travel Time 

(hours) 

2028 224200 224200 232608 235971 232608 235971 

2029 224400 224400 232815 236181 232815 236181 

2030 224600 224600 233023 236392 364975 421125 

2031 224800 224800 233230 236602 365300 421500 

2032 225000 225000 233438 236813 365625 421875 

2033 225200 225200 233645 237023 365950 422250 

2034 225400 225400 233853 237234 366275 422625 

2035 225600 225600 234060 237444 366600 423000 

2036 225800 225800 234268 237655 366925 423375 

2037 226000 226000 234475 237865 367250 423750 

2038 226200 226200 234683 238076 367575 424125 

2039 226400 226400 234890 238286 367900 424500 

2040 226600 226600 235098 238497 368225 424875 

2041 226800 226800 235305 238707 368550 425250 

2042 227000 227000 235513 238918 368875 425625 

2043 227200 227200 235720 239128 369200 426000 

2044 227400 227400 235928 239339 369525 426375 

2045 227600 227600 236135 239549 369850 426750 
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 Build Scenario No Build Option 1 No Build Option 2 

Year SB Annual 

Travel Time 

(hours) 

NB Annual 

Travel Time 

(hours) 

SB Annual 

Travel Time 

(hours) 

NB Annual 

Travel Time 

(hours) 

SB Annual 

Travel Time 

(hours) 

NB Annual 

Travel Time 

(hours) 

2046 227800 227800 236343 239760 370175 427125 

2047 228000 228000 236550 239970 370500 427500 

 

Value of Time 

Travel time savings are converted from hours to dollars. This is performed by applying a rate for the value 

of a person’s time to the total travel time, with different rates applied depending on the trip purpose each 

vehicle is performing per the BCA Guidance. US DOT recommended hourly values of time are shown in 

Table 7.  

Table 7: Hourly Value of Time (2020$ per person-hour) 

Category Hourly Value 

Value of Time - All Purposes $17.80 

Value of Time – Personal  $16.20 

Value of Time – Truck Drivers $32.00 

Source: US Department of Transportation (2022) 

Average Vehicle Occupancy 

Average vehicle occupancy allows for the estimation of total TTS. This analysis assumes an average vehicle 

occupancy of 1.67 for autos and of 1 for trucks under the Build and No Build scenarios. 

Annual Operation and Maintenance Cost  

A summary of the O&M costs (in 2020$) under the Build, No Build Option 1, and No Build Option 2 

scenarios are shown in Table 8. These values were from a 2022 estimate which was then deflated to 2020 

dollars as shown, per the BCA Guidance. 

Table 8: Operations and Maintenance Costs Under No Build Scenario (2020$) 

Year Build No Build Option 1 No Build Option 2 

2028 $7,489 $3,832,328 $3,832,328 

2029 $7,489 $23,403 $23,403 

2030 $7,489 $23,403 $- 

2031 $7,489 $23,403 $- 

2032 $7,489 $23,403 $- 

2033 $7,489 $2,014,357 $- 

2034 $7,489 $23,403 $- 

2035 $7,489 $23,403 $- 

2036 $7,489 $23,403 $- 

2037 $7,489 $23,403 $- 

2038 $7,489 $458,226 $- 

2039 $7,489 $23,403 $- 
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Year Build No Build Option 1 No Build Option 2 

2040 $7,489 $23,403 $- 

2041 $7,489 $23,403 $- 

2042 $7,489 $23,403 $- 

2043 $7,489 $3,388,144 $- 

2044 $7,489 $23,403 $- 

2045 $7,489 $23,403 $- 

2046 $7,489 $23,403 $- 

2047 $7,489 $23,403 $- 

. 

Outcomes 

State of Good Repair 

The existing bridge was constructed in 1957 and has served the City of Roanoke Rapids and the Town of 

Gaston for 65 years. As the only efficient way for commuters to travel between the city and the town, the 

NC 48 bridge is a critical piece of infrastructure. The bridge is at the end of its useful life and recent 

condition reports are indicative of the rapidly deteriorating state of repair.  

Table 9: State of Good Repair Summary 

Selection 

Criteria 

Ranking Language from the 

NOFO 

Project Benefit Quantitative 

State of good 

repair 

HIGHLY 

RESPONSIVE 

Reduce maintenance 

costs 

Address current or 

projected O&M cost on the 

bridges 

Y 

Pavement cost avoided 

due to VMT avoided 

Y 

Bring infrastructure to 

state of good repair 

(SOGR) 

Residual value Y 

 

O&M Costs Avoided 

The implementation of the Project will realize significant O&M cost savings for NCDOT while also bringing 

crucial infrastructure to a state of good repair. Under the No Build, the existing infrastructure is in a poor 

structural condition and will require significant maintenance.  

Under No Build Option 1, NCDOT expects high costs associated with the ongoing O&M cost of the 

infrastructure to ensure a suitable state of good repair include inspections and maintenance of the 

infrastructure during the 20-year period of analysis. Under No Build Option 2, the bridge will be 

maintained until 2030 which is when the bridge is assumed to close, after which there will be no further 

O&M costs. Under Build scenario, O&M costs for the new bridge will be minimal at an estimated annual 

$7,489 with no major repairs, maintenance items, or deck replacements over the initial 20 years of their 

collective lifecycle.  
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O&M costs avoided are estimated at $4.0 million for No Build Option 1 and $2.2 million for No Build Option 

2, with both values in 2020 dollars discounted at 7 percent over the first 20 years of operations. The annual 

cost of O&M of all components of the assessment is summarized in Table 10.  

Table 10: Annual Operations and Maintenance Costs by Scenario (2025-2044) (2020$) 

 Build No Build Option 1 No Build Option 2 

Year  Total O&M 

Costs  

Discounted 

O&M (7%) 

Total O&M 

Costs  

Discounted 

O&M (7%) 

Total O&M 

Costs 

Discounted 

O&M (7%) 

2028 $7,489 $4,359 $3,832,328 $2,230,450 $3,832,328 $2,230,450 

2029 $7,489 $4,073 $23,403 $12,730 $23,403 $12,730 

2030 $7,489 $3,807 $23,403 $11,897 $0 $0 

2031 $7,489 $3,558 $23,403 $11,118 $0 $0 

2032 $7,489 $3,325 $23,403 $10,391 $0 $0 

2033 $7,489 $3,108 $2,014,357 $835,887 $0 $0 

2034 $7,489 $2,904 $23,403 $9,076 $0 $0 

2035 $7,489 $2,714 $23,403 $8,482 $0 $0 

2036 $7,489 $2,537 $23,403 $7,927 $0 $0 

2037 $7,489 $2,371 $23,403 $7,409 $0 $0 

2038 $7,489 $2,216 $458,226 $135,573 $0 $0 

2039 $7,489 $2,071 $23,403 $6,471 $0 $0 

2040 $7,489 $1,935 $23,403 $6,048 $0 $0 

2041 $7,489 $1,809 $23,403 $5,652 $0 $0 

2042 $7,489 $1,690 $23,403 $5,282 $0 $0 

2043 $7,489 $1,580 $3,388,144 $714,718 $0 $0 

2044 $7,489 $1,476 $23,403 $4,614 $0 $0 

2045 $7,489 $1,380 $23,403 $4,312 $0 $0 

2046 $7,489 $1,290 $23,403 $4,030 $0 $0 

2047 $7,489 $1,205 $23,403 $3,766 $0 $0 

Total $149,778 $49,407 $10,067,500 $4,035,833 $3,855,731 $2,243,179 
Source: STV INC. 

 

Residual Value 

The Project infrastructure is comprised of three major categories of infrastructure: roadway, utilities, and 

bridges. These categories have an anticipated service life of 60 years for roadway and utilities, and a 

service life of 100 years for bridges, per Bureau of Economic Analysis (BEA) and Virginia DOT sources, 

respectively.4, 5 These assets have a useful life longer than the 20 years following commencement of 

operations; therefore, a residual value can be estimated, and it can be discounted back to a net present 

value and included in the project benefits. Table 11 provides an overview of the useful life of these assets 

and the percentage of each asset which may is applicable for the residual value after the period of analysis.  

  

 
4 Table C.—BEA Rates of Depreciation, Service Lives, Declining-Balance Rates, and Hulten-Wykoff 

categories, https://apps.bea.gov/scb/account_articles/national/wlth2594/tableC.htm 
5 https://www.virginiadot.org/vtrc/main/online_reports/pdf/18-r1.pdf  
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Table 11: Assumed Useful Life of Assets under the Build Scenario (2020$) 

Asset Type Assumed Useful Life (years) Residual Value Applicable 

Roadway 60 (BEA) 40 (66.7%) 

Utilities 60 (BEA) 40 (66.7%) 

Bridges 100 (VDOT) 80 (80%) 

Sources: BEA Rates of Service Lives; Table C.—BEA Rates of Depreciation, Service Lives, Declining-Balance Rates, and Hulten-
Wykoff categories 

VDOT Bridge Service Life Design.; https://www.virginiadot.org/vtrc/main/online_reports/pdf/18-r1.pdf 

 

The remaining value of these assets after the period of analysis is shown in the table below in 2020 dollars. 

This figure was then discounted at 7 percent, making the residual value of this project $1,916,346. An 

overview of the residual value of the Project at the conclusion of the assessment period is shown in Table 

12. 

Table 12: Residual Value of New Infrastructure 

 BR-0021 - NC 48 Bridge 

 Remaining Value Used Service Life (years) by 2047 

ROW (does not depreciate) $461,456 - 

Roadway $788,384 20 

Utilities $3,237,945 20 

Bridges/Structures $10,734,037 20 

Subtotal - BUILD $15,221,823   

  Discountedat7%   

Total Value Remaining After POA $2,449,654   
Source: STV INC. 

Pavement Cost Avoided Due to Detour 

When a vehicle drives over pavement, there is a cost associated with the wear that the vehicle puts on 

the maintenance of the pavement relative to the VMT over the pavement. These costs are known as the 

marginal pavement costs per VMT ($/mile) and are different for auto use versus truck use, shown in Table 

13 below. 

Table 13: Marginal Pavement Costs per VMT 

Marginal Pavement Costs per VMT 

($/mile) (2020$) 

Type of Vehicle 

$0.001462 Light Duty/Urban 

$0.264533 Truck/Urban 
Source: FHWA Highway Cost Allocation Study, 2000 Addendum, Table 13, https://www.fhwa.dot.gov/policy/hcas/addendum.cfm 
(assumes all of the trips are on urban highways) 

 

The marginal pavement cost per VMT values were applied to the change in VMT from the Build scenario 

to the No Build scenarios, for both Option 1 and Option 2. The values were then added and discounted at 

7 percent.  

The pavement cost avoided due to detour for the project is estimated at $1.6 million for No Build Option 

1 and $1.6 million for No Build Option 2 discounted at 7 percent.  
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Safety 

Safety outcomes comprise the increase or reduction in the incidence of accidents, injuries, and fatalities 

as consequence of the implementation of the Project. The decrease in VMT in the Build scenario as 

compared to both No Build scenarios will result in an overall increase in safety under the Build scenario. 

Additionally, geometry improvements to the roadway including wider shoulders, new sidewalks, higher 

bridge railings, and the addition of a truck pull-off loop will increase safety under the Build scenario. 

Table 14: Safety Benefits Summary 

Selection 

Criteria 

Ranking Language from the 

NOFO 

Project Benefit Quantitative 

Safety HIGHLY 

RESPONSIVE 

Reduce fatalities, 

injuries and crashes 

Accidents avoided from 

potential detours  

Y 

Accidents avoided from 

current configuration 

 

Mitigating safety 

problems within the 

project area or wider 

transportation 

network 

Higher bridge railing (from 

33'' to 42'') 

 

Reduced bike/ped 

accidents due to wider 

shoulder and sidewalk 

improvements 

 

 

Reduced Roadway Fatalities and Crashes from Potential Detours (VMT Reduction) 

The reduction in VMT under the Build scenario for vehicles using the new bridge instead of detouring will 

result in less roadway fatalities, accidents and crashes, as there will be less miles driven on the road and 

less chance for an incident to occur. To quantify this benefit, first the reduction in fatalities, injuries, and 

crashes was calculated by multiplying the annual VMT avoided by the rate per 100 million VMT factor for 

each type of incident. The fatalities rate was used from the 2021 NCDOT Annual Report, as this state 

average was higher than the national average. For injuries and crashes, the Bureau of Transportation 

Statistics (BTS) Motor Vehicle Safety Data rates were applied. These reductions were then multiplied by 

the KABCO crash severity level probability distribution, providing a distribution of the reduction in 

accidents across the likelihood each level of severity would occur. Finally, the accident costs avoided are 

calculated by multiplying these severity distributions against the value of accident avoided, quantified as 

a fraction of the value of a statistical life (VSL) which is equal to $12.84 million per the 2022 BCA Guidance. 

These values were then discounted at 7 percent. 

Table 15: Motor Vehicle Safety Data 

Auto Accidents by Type Rate 
 

Fatalities 1.59 per 100,000,000 VMT 

Injured persons 79.0 per 100,000,000 VMT 

Crashes 181 per 100,000,000 VMT 

Sources: 2021 NCDOT Annual Report; 2021-annual-report.pdf (ncdot.gov)  

2020 BTS Motor Vehicle Safety Data Table 2-17; https://www.bts.gov/content/motor-vehicle-safety-data  
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Table 16: KABCO Values for Accident Severity 
 

Injured - Severity Unknown O - No injury 

AIS 0 0.21538 0.92534 

AIS 1 0.62728 0.07257 

AIS 2 0.104 0.00198 

AIS 3 0.03858 0.00008 

AIS 4 0.00442 0 

AIS 5 0.01034 0.00003 

Note: KABCO/Unknown AIS Data Conversion Matrix, NHTSA July 2011 (updated May 2013) 

https://safety.fhwa.dot.gov/hsip/spm/fhwasa15067/chap6.cfm 

Table 17: Value of Accident Avoided 

Value of Accidents Avoided Fraction of VSL 2020$ Millions 

Value of Statistical Life (VSL) 1.000 $ 12.837  

MAIS 5 Critical (0.593) Fraction of VSL 0.593 $ 7.613  

MAIS 4 Severe (0.266) Fraction of VSL 0.266 $ 3.415  

MAIS 3 Serious (0.105) Fraction of VSL 0.105 $ 1.348  

MAIS 2 Moderate (0.047) Fraction of VSL 0.047 $ 0.603  

MAIS 1 Minor (0.003) Fraction of VSL 0.003 $ 0.039  

PDO   $ 0.005  

Source: BCA Guidance for Discretionary Grant Programs - 2022 

 

The safety benefit for reduced roadway fatalities due to VMT reduction was calculated for both the No 

Build Option 1 and No Build Option 2, for both commuter vehicles and trucks separately. Table 18 below 

identifies the benefits in each of these four scenarios. 

Table 18: Safety Benefits for Commuter/Students and Trucks (2020$ M) 

 No Build Option 1 No Build Option 2 

 Total Safety Discounted (7 

percent) 

Total Safety Discounted (7 

percent) 

Commuters/Students $0 $0 $24.92 $7.56 

Trucks $6.71 $2.21 $6.71 $2.21 

  

The present value of reduced roadway fatalities and crashes from VMT avoided is estimated at $2.21 

million in No Build Option 1 and $9.77 million in No Build Option 2 at 7 percent discount rate over the 

20-year analysis period.  

Higher Bridge Railing (from 33'' to 42'') 

The current railing height is 33 inches which is below the current DOT design standard of 42 inches. Under 

the Build scenario, the bridge will have a higher railing to comply with the current design standard. This 

will present a safer condition for both vehicles and bike/ped users of the bridge.  
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Reduced Bike/Ped Accidents due to Wider Shoulder/Sidewalk Improvements 

The current shoulders on the bridge are 3 feet wide, which are fairly narrow for bike/ped users of the 

bridge. Under the Build scenario, the bridge will have wider, 8 feet shoulders which will provide more 

space for bike/ped users. Wider shoulders along the bridge and along the overall road improvements 

decrease the likelihood of bike/ped accidents as there is more space between them and vehicles in the 

roadway, as well as more time for a vehicle to react to an unexpected bike/ped user. 

Reduced Roadway Accidents due to Traffic Flow Improvement 

As reported by West Rock paper mill, a CSX train enters the paper mill grounds every day for 30 minutes, 

blocking trucks from entering the West Rock paper mill yard which is on the other side of the tracks. The 

Build scenario proposes improvements along Gaston Road and Vepco Street which introduces a pull-off 

loop for trucks waiting to enter the West Rock plant while the train is present. These improvements will 

reduce the likelihood of accidents on Gaston Road because trucks will not be waiting in the roadway, but 

rather in the pull-off loop. 

Mobility and Economic Competitiveness 

Under the Build scenario, the Project better accommodates the accessibility needs for all vehicles 

traveling between Roanoke Rapids and Gaston, driving economic activity for residents and businesses 

which live and operate in this region. The bridge provides a vital travel time savings for trips, as well as 

congestion relief that would otherwise increase volumes on I-95 or other roadways. In the long run, 

vehicle owners will spend less to operate their vehicles as their trip under the Build scenario is shorter 

than that of the No Build scenarios. 

Table 19: Economic Competitiveness and Opportunity Summary 

Selection 

Criteria 

Ranking Language from the 

NOFO 

Project Benefit Quantitative 

Mobility and 

Economic 

Competitiveness 

HIGHLY 

RESPONSIVE 

Improve the flow of a 

regional network 

Travel time savings (TTS)  Y 

Improve reliability Reliability Improvements Y 

Reduce congestion Congestion avoided from 

detours  

Y 

Improve economic 

development 

Value of the trip not taken Y 

Reduce vehicle 

operating cost (VOC) 

VOC avoided Y 

 

Travel Time Savings (TTS)  

To monetize the delta in vehicle hours traveled between the build and No Build scenarios, the travel times 

from the model were applied to the value of a person’s time, equal to $17.80 per hour for 

commuter/student vehicles and $32.00 per hour for trucks, per the 2022 BCA Guidance. Passengers per 

vehicle were also applied to each vehicle, using 1.67 for commuter/student vehicles and 1 for trucks, per 

the BCA Guidance. These values were then totaled in 2020 dollars and discounted at 7 percent, shown in 

Table 20 and Table 21. 

  



 

Benefit-Cost Analysis Technical Memorandum 25 

 

Table 20: Travel Time Savings – Commuter/Student Vehicles (2020$) 
 

Commuter/Student Vehicles 
 

No Build Option 1 No Build Option 2 

Year Total TTS 

(2020$) 

Discounted at 

7% 

Total TTS 

(2020$) 

Discounted at 

7% 

2028 $0 $0 $0 $0 

2029 $0 $0 $0 $0 

2030 $0 $0 $2,478,945 $1,260,170 

2031 $0 $0 $2,481,152 $1,178,777 

2032 $0 $0 $2,483,359 $1,102,641 

2033 $0 $0 $2,485,567 $1,031,422 

2034 $0 $0 $2,487,774 $964,802 

2035 $0 $0 $2,489,982 $902,484 

2036 $0 $0 $2,492,189 $844,191 

2037 $0 $0 $2,494,397 $789,662 

2038 $0 $0 $2,496,604 $738,655 

2039 $0 $0 $2,498,811 $690,942 

2040 $0 $0 $2,501,019 $646,311 

2041 $0 $0 $2,503,226 $604,562 

2042 $0 $0 $2,505,434 $565,509 

2043 $0 $0 $2,507,641 $528,979 

2044 $0 $0 $2,509,849 $494,808 

2045 $0 $0 $2,512,056 $462,844 

2046 $0 $0 $2,514,263 $432,945 

2047 $0 $0 $2,516,471 $404,977 

0 $0 $0 $44,958,738 $13,644,681 

Source: STV INC. 

 

Table 21: Travel Time Savings – Trucks (2020$) 

  Trucks 

  No Build Option 1 No Build Option 2 

Year  Total Truck 

TTS (2020$) 

Discounted at 

7% 

Total Truck TTS 

(2020$) 

Discounted at 7% 

2028 $645,696 $375,801 $645,696 $375,801 

2029 $646,272 $351,529 $646,272 $351,529 

2030 $646,848 $328,825 $646,848 $328,825 

2031 $647,424 $307,586 $647,424 $307,586 
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  Trucks 

  No Build Option 1 No Build Option 2 

Year  Total Truck 

TTS (2020$) 

Discounted at 

7% 

Total Truck TTS 

(2020$) 

Discounted at 7% 

2032 $648,000 $287,720 $648,000 $287,720 

2033 $648,576 $269,136 $648,576 $269,136 

2034 $649,152 $251,752 $649,152 $251,752 

2035 $649,728 $235,491 $649,728 $235,491 

2036 $650,304 $220,280 $650,304 $220,280 

2037 $650,880 $206,052 $650,880 $206,052 

2038 $651,456 $192,742 $651,456 $192,742 

2039 $652,032 $180,292 $652,032 $180,292 

2040 $652,608 $168,646 $652,608 $168,646 

2041 $653,184 $157,752 $653,184 $157,752 

2042 $653,760 $147,562 $653,760 $147,562 

2043 $654,336 $138,030 $654,336 $138,030 

2044 $654,912 $129,114 $654,912 $129,114 

2045 $655,488 $120,773 $655,488 $120,773 

2046 $656,064 $112,971 $656,064 $112,971 

2047 $656,640 $105,673 $656,640 $105,673 

Total $13,023,360 $4,287,730 $13,023,360 $4,287,730 

 

The present value of TTS for commuter/student vehicles is estimated at $0 in No Build Option 1 and 

$13.64 million in No Build Option 2 discounted at 7 percent. 

The present value of TTS for trucks is estimated at $4.29 million in No Build Option 1 and $4.29 million 

in No Build Option 2 discounted at 7 percent. 

VOC Avoided 

When a driver uses their vehicle, there are operating costs associated with that wear and tear from use. 

VMT avoided will impact vehicle operating costs (VOC) because a shorter trip means less use of the 

vehicle. Total VOC is calculated by multiplying the VMT avoided by VOC, which is provided in the guidance 

as $0.45 per mile for light-duty vehicles and $0.94 per mile for commercial trucks. 

This benefit was calculated for both commuter/student vehicles and truck for the No Build Option 1 and 

No Build Option 2 scenarios. The respective rate was applied to the corresponding VMT reduction, the 

products of which were then totaled and discounted at 7 percent. 

The present value of VOC avoided for commuter/student vehicles is estimated at $0 in No Build Option 

1 and $9.30 million in No Build Option 2 discounted at 7 percent. 

The present value of VOC avoided for trucks is estimated at $5.67 million in No Build Option 1 and $5.67 

million in No Build Option 2 discounted at 7 percent. 

Congestion Reduction 

Under the Build scenario, VMT avoided will reduce congestion as there are less vehicles on the roadway. 
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This benefit uses the VMT avoided under the Build scenario and applies a marginal congestion cost per 

VMT equal to $0.124 per mile for light duty/urban vehicles and $0.31 per mile for trucks. This was 

calculated for commuter/student vehicles and trucks, comparing the Build scenario to both No Build 

Option 1 and No Build Option 2. The cost of congestion reduced for each year was then totaled and 

discounted at 7 percent. 

The present value of congestion reduction for commuter/student vehicles is estimated at $0 in No Build 

Option 1 and $2.56 million in No Build Option 2 discounted at 7 percent. 

The present value of congestion reduction for trucks is estimated at $1.87 million in No Build Option 1 

and $1.87 million in No Build Option 2 discounted at 7 percent.  

 

Value of the Trip Not Taken 

Under the Build scenario, the City of Roanoke Rapids and the Town of Gaston remain connected. If this 

bridge were to close, there would be an increase in travel time for trips which may lead drivers to weigh 

the importance of non-essential trips and may choose not to take that trip. For instance, if it is currently 

convenient to go between the Town of Gaston and the City of Roanoke Rapids to eat at a restaurant or 

shop, (and to visit friends or family) it may not be considered as convenient when the bridge closes under 

the No Build scenario, leading to less people taking these trips.  

The consequence of a trip not taken causes two issues: a reduction in economic activity and a reduction 

in the quality of life. If a restaurant loses patrons because the bridge closure deems a visit not convenient, 

less people will spend money at that restaurant and could jeopardize the future of its existence. From a 

quality-of-life standpoint, if it is no longer convenient to visit friends or family, these visits may be less 

frequent. 

The benefit was calculated using Replica origin-destination data sorted by trip purpose (see Replica memo 

as an appendix). From the Replica analysis, the analysis identified trips that are non-essential (eating and 

shopping) and applied the personal value of time to these trips. The trips were assumed to be 1 hour, the 

average vehicle occupancy per vehicle was applied, and the rule of the half was applied equal to 0.50. This 

benefit was calculated for No Build Option 2 only, as the bridge remains open under the No Build Option 

1. This calculation is for passenger vehicles only. 

The present value of the trip not taken for passenger vehicles is estimated at $0 in No Build Option 1 

and $71.1 million in No Build Option 2 discounted at 7 percent. 

Reliability  

Currently, when a CSX train is at the paper mill, truck traffic trying to enter the paper mill has the potential 

to block regular vehicles, causing these regular vehicles to not arrive to their destination on time. Under 

the Build scenario, trips along NC 48 will be more reliable since trucks will be able to wait at the pull-off 

loop in lieu of waiting in the roadway at Gaston Road. Figure 5 identifies the location where trucks queue 

outside of the West Rock paper mill. 
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Figure 5: Location of Truck Queuing, Gaston Road and Vepco Street 

 

 

In addition to the train reliability issue, there is an increased reliability variance due to an increase in 

vehicle miles traveled in both No Build scenarios. More vehicle miles traveled mean there is a higher 

probability that a trip will have an unreliable duration. For this reason, the build scenario has a greater 

reliability than the two No Build scenarios as there is a lower total VMT for the Build compared to either 

No Build scenario.  

Climate Change, Resiliency, and the Environment 

The Project will preemptively prevent congestion and VMT reduction contributing to air quality 

improvements in the region, as well as reduce noise from vehicle use which may disturb wildlife and 

people in the area. 

Table 22: Environmental Sustainability Summary 

Selection 

Criteria 

Ranking Language from the 

NOFO 

Project Benefit Quantitative 

Climate Change, 

Resiliency, and 

the 

Environment 

HIGHLY 

RESPONSIVE 

Reduce air pollution 

or greenhouse gases 

(promote energy 

efficiencies) 

Emissions avoided  Y 

Idling emission avoided Y 

Reduce noise 

pollution  

Noise avoided Y 

 

Emissions Avoided 

The VMT avoided associated under the Build scenario results in less emissions because there are less cars 
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polluting on the roadway. The highway emissions benefits associated with the elimination of vehicles 

come from the Environmental Protection Agency (EPA) as well as the USDOT. The vehicle emissions 

reduction is estimated using emissions rates and monetized using pricing for the impact of volatile organic 

compounds (VOC), nitrogen oxides (NOx), particulate matter (PM), sulfur dioxide (SO2), and carbon 

dioxide (CO2) on community health, including human and environmental impacts. 

Using the EPA and USDOT assumptions on the emission burn rates, the net change in emissions between 

the Build and No Build scenarios are calculated, and the cost of emissions per ton were applied. The cost 

per emission change per year, so these values are at the Inputs tab of the workbook. 

The annual VMT was multiplied by the grams of emission per mile traveled, converted to metric tons, then 

multiplied by a social cost of dollars per metric ton emitted. Different emissions rates were used for 

commuter/student vehicles and trucks. The calculation was completed for both the No Build Option 1 and 

No Build Option 2 scenarios. Finally, these emissions were added and discounted at 7 percent, with the 

exception of CO2 which is discounted at 3 percent per the BCA guidance. 

The present value of emissions avoided for commuter/student vehicles is estimated at $0 in No Build 

Option 1 and $2.29 million in No Build Option 2 discounted at 3 percent for CO2, and 7 percent for the 

remaining values. 

The present value of emissions avoided for trucks is estimated at $3.54 million in No Build Option 1 and 

$3.54 million in No Build Option 2 discounted at 3 percent for CO2, and 7 percent for the remaining values. 

Idling Emissions Avoided 

In addition to the VMT reduction emissions avoided, there are idling emissions avoided for trucks that are 

waiting for a train to clear the paper mill plant in the truck pull-off loop in lieu of waiting on Gaston Road. 

West Rock reported that 33.4 trucks arrive at their 24/7 facility per hour and the train blocks access to the 

truck yard for 30 minutes per day. The analysis estimates that trucks will utilize the pull-off loop instead 

of waiting in the roadway, therefore drivers would be able to turn off their engines while waiting for the 

train to exit the West Rock plant yard. The truck idling consumption rate was found from the department 

of energy to equal 0.8 gallons of diesel per hour. This was applied to the emission values for grams per 

gallon, converted to grams per hour of idling. These values were added and discounted at 3 percent for 

CO2, and 7 percent for all other emissions. 

The present value of idling emissions avoided is estimated at $0.1 million in both No Build scenarios 

discounted at 3 percent for CO2, and 7 percent for the remaining values. 

Noise Avoided 

Also related to VMT avoided, the less vehicles that are on the road, the less noise pollution there will be 

in the area. This benefit is calculated by multiplying the annual VMT avoided by the marginal noise cost 

per VMT, equal to $0.0017 per mile for light duty/urban vehicle or $0.0393 per mile for truck/urban 

vehicle, as noted in the BCA Guidance. This calculation was completed for both commuter/student 

vehicles and trucks in the No Build Option 1 and No Build Option 2 scenarios, then totaled and discounted 

at 7 percent. 

The present value of noise avoided for commuter/student vehicles is estimated at $0 in No Build Option 

1 and $0.04 million in No Build Option 2 discounted at 7 percent. 

The present value of noise avoided for trucks is estimated at $0.24 million in No Build Option 1 and 

$0.24 million in No Build Option 2 discounted at 7 percent. 

Quality of Life 

The Project improves the quality of life for residents, workers, and visitors to the City of Roanoke Rapids 

and the Town of Gaston region by maintaining the connectivity between the two communities.  
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Table 23: Quality of Life Summary 

Selection 

Criteria 

Ranking Language from the 

NOFO 

Project Benefit Quantitative 

Quality of life HIGHLY 

RESPONSIVE 

Advance equitable 

access to 

transportation 

Health Increase due to 

Ped/Bike Lane 

Y 

Better Connectivity to 

Roanoke Canal Trail 

 

Secure Timely Emergency 

Response 

 

 

Health Increase due to Ped/Bike Lane 

Under the Build scenario there is an increase to the shoulder width on the bridge from the current 3 feet 

to a wider 8 feet shoulder. This increased shoulder width will induce more bike and pedestrian users to 

the bridge because the crossing is now safer. It is assumed that this increase is 1 percent of AADT. This 

increase in bike/ped users related to a health benefit to the region. 

The value of an induced cycling trip is equal to $6.31 per trip one way, and the value of an induced walking 

trip is equal to $7.08 per trip one way per the BCA Guidance. These rates were applied to the AADT as a 

blended rate equal to the average of both modes. Induced trips were converted to roundtrips. The 

products were then totaled and discounted at 7 percent. 

The present value of health increase due to ped/bike lane for induced ped/bike users is estimated at 

$2.81 million in both No Build Option scenarios discounted at 7 percent. 

Better Connectivity to Roanoke Canal Trail/Museum 

On the south side of the bridge, the Roanoke Canal Trail travels along the Roanoke River with access to 

parks and nature. Improving bike/ped connectivity along the project area will provide better connectivity 

to the Roanoke Canal Trail and the Museum when coming from the Town of Gaston. 
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Figure 6: Better Access to Roanoke Canal Trail from the Town of Gaston 

 

Emergency Response Delay Avoided under Major Event/Backup 

Under the current condition, emergency response services in the Town of Gaston and the City of Roanoke 

Rapids work together to respond to emergencies in the quickest way possible. Depending on the location 

of an emergency, it may be faster for the service of the other city/town to respond by crossing the bridge. 

In the case of a major emergency event under No Build Option 2 where the bridge closes, emergency 

services on the opposite side of the bridge that would otherwise be closer to the emergency event in the 

build scenario would delay response to addressing the emergency. 

Innovation 

NCDOT has a history of successfully evaluating and deploying innovative and technology-driven solutions.  

Table 24: Innovation and Technology Summary 

Selection 

Criteria 

Ranking Language from the NOFO Project Benefit 

Innovation RESPONSIVE Deploy innovative technologies ITS installation 

Incorporate private sector entities, 

particularly DBEs, in transportation planning, 

design or building 

High DBE percentage 

Flexible Asset 

Management Services 

 

ITS Installation 

Intelligent Transportation Systems (ITS) will be used whenever possible to communicate traveler 

information about the construction activities and expected delays throughout the project area during 

construction. Other ITS technologies, such as work zone queue management and speed management 
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systems, will be evaluated for applicability during the project’s engineering and construction management 

phases. 

High DBE/WBE Percentage 

NCDOT submitted an overall goal of 13 percent DBE and WBE participation, of which it projects that it will 

meet 2.2 percent through race neutral measures and 10.8 percent through race conscious measures. 

Flexible Asset Management Services (FAMS) 

NCDOT’s approach to operations and maintenance lifecycle costs is one of the innovative approaches for 

the RAPIDS Project. NCDOT is implementing a Flexible Asset Management Services (FAMS) contract that 

outsources O&M activities to the private sector who specialize in bridge management. The performance 

standards and levels of service will be established under this agreement to ensure the lowest life-cycle 

costs are achieved. 

Cost Analysis 

The costs assessed in this analysis comprise capital costs and those associated with the O&M of the 

Project. Capital costs are those associated with the design and construction of the RAPIDS Project to 

construct the new bridge at Gaston Road as well as decommission and demolish the existing bridge. 

Capital Cost 

The capital costs include the decommissioning of the existing bridge and the design, utility relocation, and 

construction of the new bridge. This total capital outlay is estimated at approximately $29.59 million in 

2022 dollars. Converted to 2020 dollars using the GDP deflator, resulted in $28.96 million and is estimated 

as shown in Table 25. 

Table 25: Capital Cost for Project (2020$ Thousand) 

 
Planning 

Costs  

Professional 

Services 

Costs  

ROW 

Acquisition 

Cost  

Utility 

Costs  

Construction 

Costs  
Contingency 

Total 

Costs  

Total $1,358 $1,455 $460 $3,428 $19,656 $2,606 $28,964 

Note: Contingency (excluding planning and utilities) is approximately 11% of construction, professional services, and ROW costs; 
contingency for utilities is 7%. Planning task has concluded already. Costs presented above are estimated based on 25% design 
completion. 

The capital cost is expected to be spent according to the project schedule described in the BCA workbook. 

Professional services will cover expenses for preliminary and final design phases of the project, and utility 

relocation and direct construction spending will occur between 2023 and 2027 for the Build scenario. 

Utility relocations spending is assumed to be scheduled earlier in the construction phase, prior to the 

installation of the bridge. Right of way acquisition is scheduled to take place over the course of the year 

2023. 

The total cost associated with the construction of the Project per year is shown in 2020 dollars in Table 

26, which was then discounted using a 7 percent discount rate. 

Table 26: Project Capital Costs (2020$) 

Year Total Capital Costs Capital Cost Discounted (7%) 

2021 $533,604 $498,696 

2022 $1,552,304 $1,355,842 



 

Benefit-Cost Analysis Technical Memorandum 33 

Year Total Capital Costs Capital Cost Discounted (7%) 

2023 $1,728,048 $1,410,602 

2024 $4,400,195 $3,356,887 

2025 $6,047,854 $4,312,036 

2026 $7,351,137 $4,898,373 

2027 $7,351,137 $4,577,918 

Total Costs $28,964,278 $20,410,354 

Source: STV INC. 

Operating and Maintenance Cost 

As previously discussed in the State of Good Repair section, once the Project is complete, operation and 

maintenance (O&M) cost will be minimal, with the only anticipated repairs being miscellaneous items 

equal to $8,000 per year in 2022 dollars, which was deflated to 2020 dollars, equal to $7,489. 

Benefit-Cost Analysis Results 

Over the 20-year assessment period, the Project generates under Build Option 1 $28.8 million in benefits 

and under Build Option 2 $133.5 million, all discounted at 7 percent discount rate. Additionally, the project 

has a Benefit-Cost Ratio (BCR) of 1.4:1 under Build Option 1 and 6.5:1 under Build Option 2, meaning, 

that for every $1 the project costs, the region benefits more than $1 in return in both scenarios. 

Additionally, the Project has a Net Present Value (NPV) of $8.4 million under Build Option 1 and $113.1 

million under Build Option 2, again, both discounted at 7 percent and in 2020 dollars.  

The largest components of the benefits generated by the Project differ depending on which No Build 

scenario is being compared against the Build scenario. Using No Build Option 1, the state of good repair 

benefits and mobility and economic competitiveness benefits are the most impactful because the O&M 

costs to keep the existing bridge functioning will be very costly, as well as the increase in truck VMT and 

VHT. Since passenger vehicles will continue using the bridge in this scenario, there are no VMT or VHT 

increases to passenger vehicles. 

Under No Build Option 2, the bridge closes and all vehicles must use other roadways to cross the Roanoke 

River, leading to a large increase in VMT and VHT benefits for passenger vehicles, supplementing the 

existing VMT and VHT benefits that were realized for diverted truck traffic. The most notable benefit 

unique to No Build Option 2 is that of the trip not taken, which shows the drastic impact severing a 

connection between the communities of Gaston and Roanoke Rapids would have on their economies and 

the quality of life of their residents. Additionally, the increased emissions related to VMT increase of truck 

traffic has a notable impact on the benefits for both No Build scenario comparisons, and the emissions of 

commuter/student vehicles is present for No Build Option 2. Table 27 compares the Project costs and 

benefits in detailed. 
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Table 27: Summary of Benefits by Long Term Outcomes (2025-2044, $2020$ M, discounted at 7%) 

Costs Option 1 Option 2 

Capital Costs $20.4 $20.4 

Benefits     

State of Good Repair     

O&M Costs Avoided $4.0 $2.2 

Residual Value $1.9 $1.9 

Pavement Cost Avoided $1.6 $1.6 

Sub-Total State of Good Repair $7.5 $5.8 

Safety     

Reduced Roadway Fatalities and Crashes -- Commuters/Students $0.0 $7.6 

Reduced Roadway Fatalities and Crashes -- Trucks $2.2 $2.2 

Higher Bridge Railing (from 33'' to 42'') Qualitative 

Reduced Bike/Ped Accidents due to Wider Shoulder/Sidewalk Improvements Qualitative 

Reduced Roadway Accidents due to Traffic Flow Improvement Qualitative 

Sub-Total Safety $2.20 $9.8 

Mobility and Economic Competitiveness     

Travel Time Savings (TTS) -- Commuters/Students $0.0 $13.6 

TTS – Trucks $4.3 $4.3 

Vehicle Operating Cost Avoided (VOC) -- Commuters/Students $0.0 $9.3 

VOC – Trucks $5.7 $5.7 

Congestion Reduction -- Commuters/Students $0.0 $2.6 

Congestion Reduction -- Trucks $1.9 $1.9 

Value of the Trip Not Taken $0.0 $71.1 

Reliability Qualitative 

Sub-Total Mobility and Economic Competitiveness $11.8 $108.4 

Climate Change, Resiliency, and the Environment     

Emissions Avoided* -- Commuters/Students $0.0 $2.3 

Emissions Avoided -- Trucks $3.5 $3.5 

Idling Emission Avoided -- Trucks $0.1 $0.1 

Noise Avoided -- Commuters/Students $0.0 $0.0 

Noise Avoided -- Trucks $0.2 $0.2 

Sub-Total Climate Change, Resiliency, and the Environment $3.9 $6.2 

Quality of Life     

Health Increase due to Ped/Bike Lane $2.8 $2.8 

Better Connectivity to Roanoke Canal Trail Qualitative 

Emergency Response Delay Avoided under Major Event/Backup   

Sub-Total Quality of Life $2.8 $2.8 

Innovation     

ITS Installation Qualitative 

DBE/WBE Participation Qualitative 

Flexible Asset Management Services (FAMS) Qualitative 

O&M Costs $0.0 $0.0 

Total Benefits $28.8 $133.5 

Benefit-Cost Ratio 1.4 6.5 

Net Present Value $8.4 $113.1 
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