I-95 Bridges Benefit Cost Narrative
Introduction
This technical memorandum estimates the long‐term benefits associated with the I-95 Bridge Investment Program (B-6044 I-95 Bridges) Project. This evaluation discusses the relevant Performance Outcome Criteria mentioned in the Notice of Finding Opportunity.  For some measures a qualitative discussion is included. The assumptions and methods used to develop the Benefit-Cost Analysis (BCA) are detailed for each topic and are supported by supplementary material where appropriate. The BCA was calculated using the official Bridge Investment Program Benefit-Cost Analysis Tool developed by FHWA.
The long‐term quantifiable benefits are presented for the Project Outcome Criteria include safety, maintenance, and environmental, benefits. Benefits to resiliency is included as a quantitative benefit found and is a component of the economic and innovation benefits. 
The final section summarizes the anticipated benefits and costs of the I-95 Bridges project and calculates the overall Benefit‐Cost Ratio.
Years of Analysis
The analysis is based on the project coming on line in an estimated project open year of 2030. A benefits period of 2030-2059 was used. This 30-year benefits period is consistent with the 2024 BCA Guidance for Discretionary Grant Programs (BCA Guidance) for projects involving the full reconstruction of highways or similar facilities.
Methodology
Benefits are estimated in accordance with the BCA Guidance. Where no specific approach was provided in the Guidance, NCDOT used best practices and research data as specified in the assumptions and methodology for each measure.  The benefits quantified in the BCA use 2022 dollars (as advised by USDOT). Benefits for each project element are described within the benefit categories.
Analysis Assumptions
A list of assumptions for the project is provided in the Benefit-Cost Analysis (BCA) workbook and summarized in Exhibits 1 and 2.  Exhibit 1 displays the generalized BCA input values provided by the USDOT for the relevant quantifiable benefits for this project.
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Exhibit 1 ‐ Input values from BCA Guidance1
	Input
	Value

	General Assumptions

	Analysis Period (Years)- Projects Involving Full Reconstruction of Highways
	30

	Discount Rate
	3.1%

	Discount Rate for Reductions in CO2 Emissions
	2.0%

	Dollar Year
	2022

	Auto Occupancy (Passenger Vehicles, All Travel)
	1.67

	Auto Occupancy (Trucks) 1
	1.00

	Business Value of Travel Time (Hourly)
	$32.40

	Personal Value of Travel Time (Hourly)
	$17.90

	All Purposes Value of Travel Time (Hourly)
	$19.60

	Truck Driver Value (Hourly)
	$33.50

	Safety – Crash Data Assumptions

	O – No Injury 
	$4,000

	C – Possible Injury
	$78,500

	B – Non-incapacitating
	$153,700

	A – Incapacitating
	$564,300

	K – Killed
	$11,800,000

	U – Injured (Severity Unknown)
	$213,900

	# of Accidents Reported (Unknown if Injured)
	$162,600

	Property Damage Only Crashes
	$4,800

	Emissions – Assumption for Damage Costs per Metric Ton

	NOX –2030 to 2053
	$22,000

	SOX – 2030 to 2053 
	$61,500

	PM2.5 – 2030 to 2053
	$1,069,000

	CO2 – 2030 to 2053
	$257 to $357


Note:  Dollar values are in 2022 dollars
1 – Values from https://www.transportation.gov/sites/dot.gov/files/2023-12/Benefit%20Cost%20Analysis%20Guidance%202024%20Update.pdf

Exhibit 2 lists project-specific assumptions. Most of these project-specific assumptions come from NCDOT and the National Bridge Institute (NBI)
Exhibit 2 ‐ BCA Calculation Inputs – Project-Specific
	Input
	Value
	Source

	General

	Annual Average Daily Traffic Volumes (AADT)
	Varies by Bridge
	NBI

	Calculated ADDT Growth Rate
	3.36%
	

	Crashes (categorized by type) from 12/1/2018 to 11/30/2023
	Varies by Crash Type
	NCDOT Traffic Engineering Accident Analysis System Strip Analysis Report 

	Crash Reduction Factor (CRF) ID 4.15.8 (Increase shoulder widths)
	0.82
	NCDOT Traffic Safety Group


Benefits
Criterion 1 – State of Good Repair 
Currently, the structures within the Project study area are contributing to an aging, deteriorating facility with frequent and expensive maintenance costs.  The Project will provide improved facilities that will have less frequent and less costly maintenance.  This includes pavement preservation, bridge maintenance, and general maintenance. These bridges are also being design to have an asset life of 100 years, which brings residual benefits to the project.
Altogether, state of good repair benefits will total $13.7 million.
Criterion 2 – Safety and Mobility
An in-depth crash strip analysis report was completed for the Project based on the 5‑year period from December 1, 2018, to November 30, 2023. The crash analysis assessed all 105 crashes that occurred during this time, including a breakdown by crash type – fatal, non-fatal injuries and property damage only crashes (types A, B, and C). These breakdowns were converted to the KABCO Injury Classification Scale. Property Damage Only (O) crashes accounted for the majority, over 80 percent, of all crashes. Benefit values were estimated by using a combination of monetized values per injury level.
The improvements associated with the construction of the Project will enhance the safety of drivers on the facility by providing a wider shoulder.  After a review of multiple Crash Reduction Factors (CRFs) from the NCDOT Traffic Safety Group (refer to Exhibit 3), it was found that an 18 percent reduction in crashes for the Project facility is a reasonable estimate based on CRF ID 4.15.8 for widening and the multiple substandard features being revised to meet current standards.  Using the factors previously listed, the total safety benefit savings will total $3.2 million.
Exhibit 3 – Project Crash Reduction Factor
	ID[footnoteRef:2] [2:  https://connect.ncdot.gov/resources/safety/TrafficSafetyResources/NCDOT%20CRF%20Update.pdf] 

	Countermeasure Description
	CMF
	Expected Crash Reduction
	Application

	4.15.8
	Increase shoulder widths; applies to rural multi-lane highways with speed limits of 45 to 70 mph
	0.82
	18%
	CRF applied to Build scenario



Criterion 3 – Economic Competitiveness and Opportunity
I-95 is a critical north-south corridor for passenger and freight movement in North Carolina and the east coast. In a recent NBER Working Paper entitled Highways and Globalization, researchers quantified the value of the 20 longest interstates in the US. As a transnational route, I-95 was found to be one of the most valuable. The route was considered “extremely valuable” as it not only connects the most cities and the most major markets to one another, but also connects to major ports on the eastern seaboard. NBER research also found that the cost of removing I-95 from the Interstate Highway System (IHS) was estimated at $10.3-16.4 million per mile in 2012 dollars. Therefore, if the I-95 bridges for this project were to be closed due to structural issues, a detour along US 301 would likely be utilized. This would close five miles of I-95 in Johnston County. Using a cost of $13.3 million per mile as the mid-point estimate, the cost of closing this five-mile stretch of I-95 is estimated at $66.5 million in 2012 dollars, which equates to $84.8 million in 2022 dollars.[footnoteRef:3] [3:  http://www.nber.org/papers/w27938] 

Several businesses in Johnston County rely on I-95 for efficient transportation of agricultural products, manufactured goods, and raw materials. Of the eight counties I-95 traverses in North Carolina, Johnston County has the second greatest number of business establishments with 1,900 in 2013. The county also had the greatest number of manufacturing establishments of the eight counties with 121 establishments and an estimated 6,200 employment in 2011[footnoteRef:4] [4:  https://connect.ncdot.gov/projects/Driving95/I-95%20Economic%20Assessment.pdf] 

Criterion 4 – Climate Change, Sustainability, Resiliency, and the Environment 
The Project will provide increased ability to adapt to major weather events such as flooding. While the bridges are above the current and projected floodplain through the end of the benefites period, the No-Build alternative adequately elevated over their respective bodies of water, the bridge improvements will not include removal of deck drains and channeling stormwater from the bridge to offsite retention areas where infiltration allows for the removal of contaminants.  Thes measures under the Build Alternative will , which reduces water runoff and pollution entering Black Creek and the Neuse River. As quantified in the BCA, the total environment benefit will total $13.9 million.
StormwaterWater runoff is especially important issue for the Neuse River, as it is habitat for anadromous fish such as the federally endangered Atlantic Sturgeon and federally threatened Neuse River waterdog, one of the rarest Salamanders in the southeast United States.[footnoteRef:5] In addition, the new bridge design will reduce the number of piers in Black Creek in the Neuse River, thus improving the riverbed habitat. [5:  https://www.fws.gov/species/neuse-river-waterdog-necturus-lewisi] 

In addition, when installed and originally maintained, due to their old age, the two bridges over Black Creek were coated with have lead paint primer. The Project will remove the lead paint primer, thus reducing potential lead contamination in the waterway.
Criterion 5– Equity and Quality of Life
Benefits for Equity and Quality of Life cannot be quantified for this Project. However, the Merit Criteria narrative describes potential qualitative impacts to residents as the Project is found in disadvantaged census tracts. This includes a reduction of detours required due to safer conditions on I-95.  The current detour sends travelers and freight down US 201, includes many HDC communities in the project census tracts.
Criterion 6– Innovation
The benefits related to Criterion 6 are qualitative. These include areas such as adding overhead variable message signs, evaluating innovative bridge material, and the use of recycled concrete. 

Summary
The analysis resulted in an overall 0.92 BCR across the four bridges, and a 30.8 million net present value. (refer to Exhibit 5). This is considered a “Low” economic analysis rating. NCDOT has concluded that these benefits reasonably justify the costs of the Project.

Exhibit 4 – Total Project Benefit‐Cost Analysis
	Bridge ID 
	Total Discounted Costs 
	Total Benefits
	Benefit-Cost Ratio

	500100
	$8,408,90126,964,857 
	$8,712,45915,000,712 
	1.040.56

	500101
	$8,408,9013,364,158 
	$7,283,811249,160 
	0.872.15

	500082
	$8,408,9011,740,563
	$7,432,2736,947,104 
	0.883.99

	500085
	$8,408,9011,740,563
	$7,354,6356,875,502 
	0.873.95

	Total
	$    33,635,60533,810,141 
	$30,783,17836,072,477 
	0.921.07



