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1 Executive Summary 
 
This Benefit Cost Analysis is being prepared for the New Hampshire Department of 
Transportation (NHDOT) for improvements to Interstate 93 (I-93) in Bow and Concord, 
New Hampshire.  The Benefit Cost Analysis (BCA) was completed in accordance with the 
U.S. Department of Transportation’s Benefit-Cost Analysis Guidance for Discretionary 
Grant Programs (2020) for consistency with BCAs recently completed on other projects 
and for use by the Department in applying for additional funding opportunities, such as 
Infrastructure for Rebuilding America (INFRA) Discretionary Grant or other Federal 
grants.  
 
This study covers a distance of approximately 2½ miles of I-93 from just south of the I-
93/Interstate 89 (I-89) Interchange in Bow to just south of Exit 13 on I-93 in Concord.  See 
Figure 1: Study Area Overview. 

 
Due to population growth, development, and recreational opportunities in New 
Hampshire, the travel demands for I-93 between Bow and Concord have exceeded the 
capacity of this existing four-lane facility for several years now.  Population and traffic 
projections for the next twenty years support the conclusion that the existing facility will 
be increasingly less able to function at the Levels of Service (LOS) and safety for which 

Figure 1: Study Area Overview 
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it was originally designed.  Decreases in the Level of Service are evident in reduced travel 
speeds, increased density of traffic flow, as well as in the traffic backups at some 
interchanges during commuting hours and summertime weekends. 
 
During weekday peak hours as well as Friday and Sunday peak hours during summertime 
weekends, motorists traveling along the I-93 corridor currently experience traffic 
congestion and substantial travel delay.  The congestion not only results in increased 
travel times, but also contributes to safety issues, as the limited spacing between vehicles 
does not afford the motorists sufficient time or space to deal with frequent and abrupt lane 
change maneuvers, inadequate weaving space, and sudden stops.  Without substantial 
improvements, or dramatically reduced demand, traffic operations along this section of I-
93 are expected to continue to deteriorate under future conditions as traffic volumes 
increase. 
 
To the maximum extent possible, given the available data, this formal BCA is prepared in 
accordance with federal grant application guidelines and reflects quantifiable economic 
benefits.  It covers primary long-term impact areas identified in the federal grant 
application guidelines.  Table 1 shows the Executive Summary Matrix.  
 
The improvements to the I-93 corridor in Bow & Concord results in a Benefit-Cost Ratio 
(BCR) of 3.25, with a BCR of 1.12 at a 7 percent discount rate, and a BCR of 1.94 at a 3 
percent discount rate. 

 
Table 1 – Executive Summary Matrix 

 
Current Status / Baseline 

and Problem to be 
Addressed 

Change to Baseline or 
Alternatives 

Type of Impacts 
 

Continued operation and 
maintenance of the 

existing I-89 and I-93 
within the project area. 

Widening of I-93 to a basic 
six-lane interstate with 

auxiliary lanes as well as 
alterations to four 

interchanges 

 Reduced Travel Times 
 Reduced Fuel Use 
 Increased Safety 
 Avoided O&M Costs 
 Residual Value of New 

Bridges 
 Higher O&M Costs 
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2 Project Description 
 
I-93 is the principal north-south arterial highway within New Hampshire and is part of the 
National System of Interstate and Defense Highways.  I-93 extends a total distance of 
132 miles within New Hampshire, from the Massachusetts border to the northern Vermont 
border.  The proposed project covers a distance of approximately 2½ miles from south of 
the I-93/Interstate Route 89 (I-89) Interchange in Bow to Exit 13 on I-93 in Concord.  This 
segment of I-93 is also part of the Central Turnpike, commonly known as the F.E. Everett 
Turnpike.  The project also extends along I-89 from its terminus with Route 3A (Bow 
Junction) approximately 4,700 feet to the west.  There are four existing interchanges 
within the project limits.  Refer to Figure 1: Study Area Overview that depicts the study 
area and the project limits. 
 
The New Hampshire Department of Transportation (NHDOT) and the Federal Highway 
Administration (FHWA) have prepared an Environmental Assessment/Draft Section 4(f) 
Evaluation (EA/4(f)) for proposed improvements to the Interstate Route 93 (I-93) corridor 
between the Town of Bow and the City of Concord, Merrimack County, New Hampshire.  
The basic purpose of the I-93 Bow-Concord project is to improve transportation efficiency 
and reduce safety problems within this segment of highway.  
 
I-93 in central New Hampshire was constructed in the late 1950’s and early 1960’s as 
part of the Central NH Turnpike.  The need to address issues along I-93 in Bow and 
Concord was first identified in 1990 when the Bow-Concord Widening Project was first 
placed on the State’s Ten-Year Plan. 
 
Since 2012, traffic volumes on I-93 have begun to rise with 2017 having the highest all 
time average annual traffic.  Growth in the region is expected to occur in the coming years 
and place a greater burden on the transportation system.  With an estimated 80,000 
vehicle trips per day by the year 2035, increased congestion and increased travel times 
are expected, unless there is a reduction in demand, implementation of management 
strategies, or improvements such as those proposed to this important regional travel 
corridor. 
 
The Preferred Alternative for the project proposes widening I-93 from a basic four-lane 
interstate to a basic six-lane interstate, adding one lane in each direction within the project 
limits. It also includes providing auxiliary lanes in each direction on I-93 between each 
interchange.  I-93 would therefore have eight-lanes segments between the interchanges.  
Improvements are also proposed at each of the interchanges to increase capacity and 
improve safety, mainly by reducing or eliminating weaving movements. 
 
This Benefit-Cost Analysis (BCA) was conducted to quantify the benefits and costs of the 
proposed project compared to a baseline scenario, or the “No-Build” alternative.  This 
analysis was conducted in accordance with the criteria described in the U.S. Department 
of Transportation’s Benefit-Cost Analysis for Discretionary Grant Programs dated 
January 2020.  Project benefits from the proposed project include travel time savings, fuel 
consumption savings, safety benefits, and avoided Operation and Maintenance (O&M) 
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costs associated with maintaining the existing infrastructure.  There are several additional 
benefits of the proposed project that are difficult to quantify such as environmental 
protection and increased tourism economics. 
 
3 General Assumptions 
 
Evaluation Period 
 
The evaluation period of benefits and costs of a project are typically for a period that 
includes the construction of the project and the operational period which is 20-50 years 
on average.  For this project, the analysis period includes the project development stage 
which is expected to begin in 2021 with the construction programmed to begin in 2023 
and be completed in 2026 with a 30-year operational period.  Therefore, the BCA 
calculates all benefits and costs forecasted out until year 2057.  As a simplifying 
assumption, all benefits and costs are assumed to occur at the end of each year. 
 
No-Build Alternative 
 
The No-Build Alternative for this BCA is the continued use and maintenance of the 
existing I-93 and I-89 infrastructure through Bow and Concord.  Due to the critical role 
these roadways play in the regional transportation network, it is assumed that the 
roadways and bridges will need to be maintained in a state of good repair for the duration 
of the analysis period.  Therefore, all costs associated with regular operations and 
maintenance costs will be included in the analysis. 
 
There is also a “Red-List” bridge within the project area.  Under the No-Build Alternative, 
it is assumed that this bridge will need to be reconstructed within the analysis period.  This 
is consistent with the State of New Hampshire’s Department of Transportation’s practice 
of addressing “Red-List” bridges as a priority. 
 
Real Discount Rate 
 
In an effort to avoid forecasting future inflation rates and the need to grow future values 
for benefits and costs accordingly, all benefits and cost were valued in 2018 real dollars.  
Future values are deflated to reflect current values, even in the case where cost is 
expressed in future year values.  The use of current dollar values requires the use of a 
real discount rate for present value discounting.  
 
In accordance with the BCA Guidance Document, a real discount rate of 7% was used 
for this analysis.  In addition, a 3% real discount rate was used for sensitivity analysis. 
 
Traffic Growth Assumptions 
 
Future year traffic volumes for the 2035 Design Year rely on growth projections developed 
by the Central New Hampshire Regional Planning Commission (CNHRPC).  These 
projections are consistent with historical traffic trends within the project study area and 
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were developed in consultation with the municipalities within the region.  In general, the 
2035 future year traffic volumes are approximately 16% higher than the 2014 Base Year.  
This growth in traffic equates to a 0.75% increase per year.  Since the traffic model does 
not provide traffic volume data for every year between 2021 and 2057, it was necessary 
to use the 0.75% growth per year to calculate traffic volumes for the years between 2021 
and 2035.  This growth rate was also used to predict traffic volumes beyond the year 2035 
for use in the BCA.   
 
Vehicle Delay Growth Assumptions 
 
As previously stated, traffic volumes will continue to grow beyond the analysis year 2035.  
As congestion increases, it is expected that the average amount of delay that vehicles 
will experience will increase as well.   
 
To determine a relationship between the growth rate of the average annual daily traffic 
(AADT) and the growth rate of User Delay, several analyses were performed. Traffic 
counts from 2014 were grown at an annual rate of 0.75% until 2054 to calculate the 
projected peak hour traffic volumes for the existing conditions.  These peak hour volumes 
values from 2014 until 2054, in five-year increments, were input into Highway Capacity 
Software (HCS) to determine the free-flow speed and average delay speed of users 
through the segments of I-89 and I-93 within the limits of this project.  The difference 
between the free-flow speed and the delay speed was used to calculate the average user 
delay through each segment.  This delay was then multiplied by the total number of users 
through each segment to determine the total user delay.  
 
This process was repeated for the AM and PM peak hours at the I-89 Exit 1 interchanges, 
and the I-93 Exit 12 and Exit 13 interchanges. This included merge and diverge segments, 
weaving segments and ramp segments. The results for these three locations were 
combined into a single data set which was compared to traffic volumes.  A regression 
analysis was performed in Excel which determined that as the AADT increases annually 
at 0.75%, the total user delay increases annually at 2.05%.  This regression analysis has 
an R Squared value of 0.92. R Squared measures the goodness of fit of the line of best 
fit to the data. The closer R Squared is to 1, the better the analysis represents the 
relationship between a single dependent variable and one or more independent variables  
 
This increase was applied to both the delay experienced during the peak hours of traffic 
on a typical weekday as well as the delay experienced on busy tourist weekends. 
 
Daily and Annual Traffic Assumptions 
 
The traffic analysis performed for this project analyzed traffic operations during the AM 
and PM peak hours of travel on a weekday.  When computing project benefits, it was 
assumed that these conditions occurred for five business days a week for fifty weeks a 
year to account for holidays.  It was further assumed that traffic operations for the Build 
condition would be similar to the No-Build condition for all other hours of the day, i.e. there 
would be no changes in travel time through the corridor during non-peak hours. 
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Peak weekend traffic was assumed to occur between Memorial Day weekend and 
Columbus Day weekend as well as four other times a year for long weekends such as 
Veteran’s Day, Thanksgiving, Martin Luther King, Jr. Day, and President’s Day for a total 
of 24 occurrences. 
 
Crash Data 
 
An assessment was conducted by New Hampshire Department of Transportation for the 
crash occurrences in the project area from 2007 to 2016.1  These crash occurrences were 
averaged over this ten-year period to estimate the number of crashes that occur each 
year.  While it could be argued that crashes would increase at a higher rate than the 
volume of traffic due to additional congestion and delay, it would be difficult to estimate 
such an increase.  Therefore, it is assumed that the number of crashes would increase in 
direct relation to the increase in the volume of traffic.   
 
Service Life 
 
Bridges are designed and expected to perform for 75 years of service life.  Therefore, 
new bridges constructed as part of the proposed project will have several years of useful 
life remaining at the end of the analysis period.  A residual value for these bridges has 
been calculated and included in this BCA to estimate the benefit of these structures at the 
end of the analysis period.  The residual values are estimated assuming a linear 
depreciation over the service life of the bridge. 
 
4 Benefits 
 
Estimation of Benefits for Highway 
 
The following section provides a detailed explanation and computation of the benefits 
associated with the proposed project within the project influence area.  For the purpose 
of estimating benefits, it is assumed that the construction of the proposed improvements 
will begin in 2023 with completion in 2026.  Therefore, benefits associated with reduced 
travel times and fewer crashes will begin to occur in 2027 as the construction is 
completed. 
 
Value of Travel Time Savings (Weekday Peak Hours) 
 
The proposed project is expected to reduce delay through the project corridor based on 
the traffic analysis performed by Resource System Group (RSG).  This traffic analysis 
reviewed traffic operations in the year 2035 for both the “No-Build” and Proposed 
Alternatives.  Table 2 shows the comparison of vehicle-hours traveled through the corridor 
between the No-Build and Proposed Alternatives for both the AM and PM peak hours of 
travel.  Vehicles-hours traveled is a measurement of each vehicles travel time through 

 
1 New Hampshire Department of Transportation. 
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the corridor during the peak hour of traffic.  A more detailed computation showing the 
vehicle-hours traveled through specific segments of the corridor is included in Appendix 
A. 
 

Table 2 – Vehicle-Hours Traveled Comparison 
 

 AM Peak Hour PM Peak Hour 
Reduction 

(Hours)

 No-Build Proposed No-Build Proposed 
AM Peak 

Hour 
PM Peak 

Hour
Vehicle-
Hours 

Traveled 
(VHT) 

949 663 873 760 286 113 

Total 399 VHT 

 
The yearly travel times savings is determined by multiplying the total daily travel time 
savings of 399 vehicle hours by 5 business days per week and 50 business weeks per 
year to account for holidays.  This yields a yearly travel time savings of 99,809 vehicle 
hours. 
 
The value of this travel time savings is determined by applying hourly costs to the mix of 
vehicles which include passenger cars, both for business and personal use, as well as 
commercial trucks.  The truck percentages were provided by RSG from a traffic count 
conducted in 2013 between exits 15 and 16 along the I-93 corridor and are shown in 
Table 3. 

Table 3 – Estimated Heavy Vehicle Distribution 
 

Analysis Period Automobile Traffic Truck Traffic 

Daily 94.0% 6.0% 

 
Based on the BCA Guidance Document, it is assumed that 88.2% of automobile travel is 
for personal use and the remaining 11.8% is for business use.  On average, passenger 
vehicle occupancy is 1.48 occupants for vehicle for all trips.  Commercial trucks are 
assumed to have an occupancy of 1 person.  With this information, the overall vehicle-
hours of time saved can be broken down into personal travel time, business travel time, 
and commercial truck time, each weighted by the number of occupants expected in each 
vehicle class. 
 
These values of affected persons time are then multiplied by the corresponding value of 
time to arrive at the total Travel Time Savings.  The values in 2018 dollars for personal 
automobile travel is $15.20 per hour while the value for business automobile travel is 
$27.10 per hour.  For truck travel, it was assumed that 100% of the truck traffic is for 
business use with a value of $29.50 per hour in 2018 dollars.  These rates then applied 
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to the total affected volume to compute the total travel time savings on a yearly basis as 
shown in Appendix A.  In the analysis, cumulative travel time savings are estimated to be 
approximately $2,600,000 for the year 2035, which is the design year for the traffic 
analysis. 
 
This 2035 value travel time savings was then adjusted to account for increases in traffic 
volumes as well as increases in average delay per vehicle due to the increases in traffic 
volumes to determine the travel time savings for the other years within the analysis period.  
When looking at the entire analysis period, the total value of travel time savings during 
the weekday peak hours of traffic is estimated to be nearly $95,500,000. 
 
Value of Travel Time Savings (Tourist Weekends) 
 
The proposed project is expected to also reduce delay through the project corridor during 
heavy traffic on Friday evenings and Sunday evenings during the summertime and long 
weekend peak tourist seasons.  The traffic backups on northbound I-93 during peak 
periods can stretch as far south as the Hooksett Toll Plaza, a distance of about ten miles 
from Exit 14 where the backups begin to dissipate.  The traffic backup on southbound I-
93 during peak periods can stretch as far north as Exit 17, a distance of about eight miles 
from Exit 12 where the backups begin to dissipate.  While no formal traffic analysis was 
conducted for these events, the proposed project is expected to greatly reduce the 
queuing and delay that is occurring during these heavy travel times.  It was assumed that 
the proposed project would reduce total vehicle delay by 80%. 
 
Using the same assumptions to calculate the value of travel time savings as during the 
weekday peak hours of travel, cumulative travel time savings for peak weekend traffic are 
estimated to be approximately $5,000,000 for the year 2035.  Also, following the same 
methodology for accounting for increases in traffic volumes and average delay per 
vehicle, the total value of travel time savings during the peak weekend hours of traffic is 
estimated to be over $182,000,000. 
 
Fuel Cost Savings 
 
The proposed project is expected to reduce the amount of fuel consumption by vehicles 
traveling through the project corridor during the peak hours of travel based on the traffic 
analysis performed by RSG.  This is due to cars traveling at more constant flow with less 
stop and go traffic. This analysis reviewed traffic operations in the year 2035 for both the 
“No-Build” and Proposed Alternatives.  Table 4 shows the comparison of fuel use within 
the corridor between the No-Build and Proposed Alternatives for both the AM and PM 
peak hours of travel.  This table also shows the value of fuel saved per weekday using an 
average cost of $2.74 for gasoline and $3.09 for diesel fuel. 
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Table 4 – Fuel Use Comparison 
 

 AM Peak Hour PM Peak Hour Reduction 

 No-Build Proposed No-Build Proposed 
AM Peak 

Hour 
PM Peak 

Hour
Gasoline 

Use 
(Gallons) 

1327 1125 1312 1278 202 33 

Gasoline 
Cost 

($2017) 
$3,632 $3,080 $3,591 $3,500 $552 $91 

Diesel 
Use 

(Gallons) 
450 372 450 422 78 28 

Diesel 
Cost 

($2017) 
$1,391 $1,151 $1,389 $1,304 $240 $85 

 
The yearly fuel savings is determined by multiplying the daily fuel savings of $968 by 5 
business days per week and 50 business weeks per year to account for holidays.  This 
yields a yearly fuel savings of nearly $241,900 in the year 2035. 
 
This 2035 value of fuel savings was then adjusted by 0.75% per year to determine the 
fuel savings for the other years within the analysis period.  This adjustment is based on 
the assumption that the amount of fuel saved will grow at the same rate as the traffic 
volume.  When looking at the entire analysis period, the total value of fuel savings during 
the weekday peak hours of traffic is estimated to be over $7,900,000. 
 
 
Crash Reduction Benefits 
 
This project will result in minimal changes to the total Vehicle Miles Traveled (VMT) within 
this corridor.  Therefore, there are no anticipated reductions in vehicle crashes as a result 
of a change in VMT.  However, there are many improvements included in the proposed 
project that should reduce the amount of crashes through the corridor.  These expected 
reductions in traffic are based on Crash Modification Factors (CMF) which are estimates 
of how individual improvements impact the rate of crashes expected.  The Crash 
Modification Factors Clearinghouse2 was consulted to determine which Crash 
Modification Factors best represented the intended improvements.  Overall, there are 
seven improvements within the proposed project area that are expected to reduce 
crashes.  Each of these areas is described in more detail below. 
 
  

 
2 Crash Modification Factor Clearinghouse”; http://www.cmfclearinghouse.org . 
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Weaving on I-89 Between Exit 1 and I-93 
 
Over the 2007-2016 period, 32 total crashes were recorded within the weaving 
area on I-89 between Exit 1 and I-93.  These crashes consisted of 18 Property 
Damage Only (PDO), 14 reporting injuries, and no fatal crashes.  The proposed 
project will construct new ramps that grade separate these weaving movements, 
essentially removing them.  There is no CMF for eliminating a weave, but the 
reduction in crashes would be expected to be much greater than the 20% observed 
when installing an auxiliary lane since the weaving maneuver is completely 
eliminated.  Therefore, a CMF of 0.2 was used for this area. 

 
I-89 Exit 1 Ramp Terminals 
 
Over the 2007-2016 period, 15 total crashes were recorded at the sign-controlled 
intersections of the I-89 Exit 1 off ramps and South Street / Logging Hill Road.  
These crashes consisted of 10 PDO and 5 reporting injuries. While no fatal crashes 
were included in the data set, a fatal crash did occur in April of 2018 and was 
included in the data set.  The proposed project will construct traffic signals at the 
ramp terminal intersections.  A CMF for installing traffic signals at intersections 
was found to be 0.56 for all crash types and was used in this area. 
 
Weaving on I-93 Collector Distributor Ramp at I-89 
 
Over the 2007-2016 period, 26 total crashes were recorded within the weaving 
area on the I-93 Collector Distributor Ramp at the I-89 interchange.  These crashes 
consisted of 14 PDO, 12 reporting injuries, and no fatal crashes.  The proposed 
project will construct a new ramp to connect I-93 northbound directly to I-89 
northbound which will greatly reduce the amount of traffic within the weaving 
movement on the Collector Distributor Ramp.  There is no CMF for reducing traffic 
through a weave, but the reduction in crashes would be expected to be 
proportional to the reduction in the amount of traffic going through the weave, 
which is expected to be 80% in the AM and 90% in the PM.  Therefore, a CMF of 
0.2 was used for this area. 

 
Weaving on I-93 Between I-89 Interchange and Exit 12 
 
Over the 2007-2016 period, 71 total crashes were recorded within the weaving 
area between the I-89 interchange and Exit 12.  These crashes consisted of 42 
PDO, 28 reporting injuries, and 1 fatal crash.  The proposed project will construct 
an auxiliary lane in both directions of I-93 in this area.  A CMF for adding an 
auxiliary lane was found to be 0.77 for all crash types. 

 
Weaving on I-93 Between Exit 12 and Exit 13 
 
Over the 2007-2016 period, 76 total crashes were recorded within the weaving 
area between Exit 12 and Exit 13.  These crashes consisted of 39 PDO, 37 
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reporting injuries, and no fatal crashes.  The proposed project will construct an 
auxiliary lane in both directions of I-93 in this area.  A CMF for adding an auxiliary 
lane was found to be 0.77 for all crash types. 
 
Exit 12 Ramp Terminals 
 
Over the 2007-2016 period, 20 total crashes were recorded at the sign-controlled 
intersections of the Exit 12 off ramps and NH Route 3A.  These crashes consisted 
of 8 PDO, 12 reporting injuries, and no fatal crashes.  The proposed project will 
combine the off ramps from two to one in each direction of the interstate and 
construct a roundabout at the ramp terminals.  A CMF for installing roundabouts 
at ramp terminal intersections was found to be 0.75 for all crash types. 

 
The BCA Guidance document includes societal costs associated with crashes involving 
PDO, injuries, and fatalities.  These costs are $4,400 for PDO crashes, $451,200 for 
crashes involving an injury, and $9,600,000 for fatalities.  These costs were applied to the 
reduction in crashes anticipated by the proposed improvements to develop the value of 
the benefit of fewer crashes.  Since the relative occurrence of crashes is a function of the 
volume of traffic on a given roadway, the rate of increase of crashes was compared to the 
increase in traffic volumes over the analysis period to determine the anticipated yearly 
increase in crash occurrences.   
 
The benefit of the reduction in crashes per year was calculated based on the type of crash 
and summarized as a yearly savings.  The cumulative crash reduction savings are 
estimated to be nearly $76,200,000 through the analysis period.  All data is provided in 
Appendix A. 
 
Avoided Bridge Replacement & Rehabilitation Projects 
 
As previously stated, under the No-Build alternative, it is assumed that existing bridges 
that are currently on the “Red-List” would need to be replaced and other bridges would 
need to be re-decked to keep the roadway in a state of good repair.  The cost for the 
proposed improvement includes replacing all of these bridges.  Therefore, with the 
implementation of the proposed project, the cost to replace the existing “Red-List” bridges 
and re-deck the remaining bridges would be avoided, making it a benefit for the proposed 
improvement.  It is assumed that the one “Red-List” bridge within the project area would 
be replaced by 2027.  Bridges that required re-decking would be done on a schedule to 
replace the deck approximately 40 years after being constructed.  The cost to replace 
and re-deck existing bridges was derived by comparing the existing bridges size to 
recently bid work of similar nature.  In total, the avoided costs of bridge replacement and 
rehabilitation projects would be over $27,000,000.  Table 5 provides a summary of the 
avoided costs. 
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Table 5 – Avoided Bridge Replacement & Rehabilitation Projects 
 

Bridge 

Priority 
on 

Current 
“Red-
List”

Total Costs 

I-89 over 
South St.

24 $5,775,000 

I-93 SB to I-
89 NB Ramp 
over Turkey 

River

 $3,100,000 

I-93 SB over 
B&M Railroad

 $4,600,000 

I-93 NB over 
B&M Railroad

 $5,300,000 

I-93 SB over 
Hall St.

 $4,200,000 

I-93 NB over 
Hall St.

 $4,200,000 

 
Emissions Reductions Benefits 
 
Due to increases in travel efficiency, the proposed project would have a benefit 
associated with fewer emissions of sulfur dioxide, nitrogen oxides, fine particulate matter, 
and volatile organic compounds.  While a value could be calculated for this benefit, it is 
assumed that it would not be a significant amount due to the limited reduction in emissions 
expected under the proposed project. 
 
Non-Monetized Benefits 
 
In addition to the quantifiable monetized benefits above, the project also generates some 
benefits that are tangible, but difficult to quantify. Below is a description of some of these 
benefits.  
 

Economic Competitiveness 
 
Interstate 89 and Interstate 93 are the two main interstate highways serving 
Concord with links to the State of Vermont, White Mountains and New Hampshire’s 
seacoast.  Interstate 93 through Concord connects with Interstates 89 and 393 
continuing down to Bow and serves as a vital link to commuters and a wealth of 
jobs in northern Massachusetts.  One of the largest industries in NH is tourism and 
this project will provide a safer, more efficient connection between these attractions 
and their users.  Therefore, the proposed improvements will maintain long-term 
efficiency of the system, travel time reliability for all users, and cost 
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competitiveness of goods.  The benefits to economic competitive focusing on 
tourism and are further detailed in Applied Economic Research’s Estimate Tourism 
Benefits report dated October 29, 2018 which is included in Appendix B. 
 
The Manchester-Boston Regional Airport located 23 miles south of Bow & Concord 
is the state’s largest airport.  The Airport is a key transportation facility serving NH 
and one of the largest economic drivers supporting NH’s economy with nearly 
$23.7 Million generated in tax revenue for the state of New Hampshire in 2015.  It 
also serves as the central air cargo hub for UPS and FedEx carriers serving 
northern New England.3  Many businesses in the region rely on this cargo hub for 
the transportation of goods or persons, including educational and healthcare 
institutions, large retailers, and financial firms.  The proposed improvements will 
provide a safer, more efficient connection between New Hampshire, 
Massachusetts, and the region, which is key to maintaining the economic stability 
and growth of this region. 

 
Quality of Life 

 
Constructing the proposed project will result in improved operations along the 
corridor and improve safety which will have positive impacts on travel through this 
area for both business and personal endeavors including work, shopping, school, 
medical treatment and recreational activities.  The proposed improvements will 
continue to provide safe & efficient access to these facilities ensuring that people 
are able to continue to obtain excellent medical care. 
 
Environmental Sustainability 
 
Until recently, stormwater runoff along I-93 within the project limits discharged into 
the adjacent waterbodies with little or no treatment.  Recent projects to address 
Red List bridges in the corridor installed several gravel wetlands to treat portions 
of the runoff.  An additional nine potential treatment areas have been identified as 
part of the proposed project to provide measurable benefit to the water quality of 
the Merrimack River. 

 
5 Costs 
 
Capital Expenditures 
 
The total capital expenditures for the proposed project include preliminary engineering 
and permitting, right-of-way acquisition, mitigation, utility relocation and construction.  The 
estimated cost to construct the proposed project is $126.4 M.  These costs have been 
adjusted to be current year 2018 values.  A detailed cost estimate is shown in Appendix 
A.   

 
3 2015 NH State Airport System Plan, New Hampshire Department of Transportation. Individual Airport Summary Report Manchester-
Boston Regional Airport, 2015. 
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Operation and Maintenance Costs  
 
Once constructed, the proposed project will incur future roadway and bridge maintenance 
costs in order to maintain a state of good repair that are in addition to future roadway and 
bridge maintenance costs that would occur under the No Build alternative.  These 
additional costs will consist of annual cleaning of the bridge decks and superstructures.  
Additional pavement preservation costs would occur every 10 years after the project is 
complete due to the additional pavement area resulting from the proposed project.  These 
additional maintenance and operation costs have been included in the BCA as negative 
benefits in accordance with the BCA Guidance document. 
 
Similar to the avoided bridge replacement and rehabilitation costs, there is also a 
pavement preservation project that would occur under the No Build alternative but would 
not be needed under the proposed project.  This avoided pavement preservation is 
expected to cost approximately $5,000,000 and has been included as a benefit under the 
BCA. 
 
Residual Value of New and Replaced Bridges 
 
Another benefit of the proposed project would be the residual value of new bridges and 
existing bridges that are planned to be replaced.  As these bridges would be constructed 
with a 75-year design life, they would have residual value remaining at the end of the 
analysis period.  The total value of the bridges that are either a new bridge or an existing 
bridge that will be replaced in current 2018 dollars is over $32,800,000.  As these bridges 
would have 45 years remaining of useful life at the end of the analysis period, the residual 
value is estimated at nearly $19,700,000. 
 
6 Comparing Benefits to Costs 
 
A summary of the benefits and costs quantified for the proposed project are summarized 
in Table 6 below.  Benefits and costs are expressed in real dollars (2018) as well as 
values that have been discounted at 3% and 7% over the analysis period.  The 
comparison of the benefits to the costs are presented in terms of Net Present Value (NPV) 
as well as a Benefit to Cost Ratio (BCR). 
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Table 6 – BCA Summary 
 

Criteria 
Real Dollars 

(2018)
3% Discount Rate 7% Discount Rate 

Travel Time 
Savings (Weekday) 

$95,507,808 $46,377,346 $20,229,928 

Travel Time 
Savings (Peak 

Weekends) 
$182,402,171 $88,572,114 $38,635,404 

Fuel Savings $7,918,791 $3,963,123 $1,793,388 

Crash Reductions $76,243,628 $38,129,216 $17,248,005 

Avoided Bridge 
Projects 

$27,175,000 $18,317,899 $11,187,872 

Residual Value of 
Bridges 

$19,700,000 $6,220,345 $1,407,664 

Bridge Operation 
and Maintenance 

Costs 
-$310,000 -$157,885 -$72,936 

Highway Operation 
and Maintenance 

Costs 
$2,000,000 $2,521,698 $2,231,143 

Total Value of 
Benefits 

$410,637,397 $203,943,856 $92,660,466 

Total Value of 
Costs 

$126,420,000 $104,952,697 $82,739,087 

New Present Value 
(NPV) 

$284,217,397 $98,991,159 $9,921,379 

Benefit to Cost 
Ratio (BCR) 

3.25 1.94 1.12 

 



Calendar 

Year

Project 

Year1

Value of Time 

Saved (Weekday 

Peak Hours) 

($2018)4

Value of Time 

Saved (Tourist 

Weekends) 

($2018)

Value of Fuel 

Saved ($2018)4

Value of Crash 

Reductions 

Savings ($2018)5

Avoided Bridge 

Projects 6

Residual Value 

of New and 

Replaced Bridges                 

($2018)

Additional 

Bridge 

Operation & 

Maintenance 

Cost ($2018)2

Additional 

Highway 

Operation & 

Maintenance 

Cost ($2018)3
Total Benefits 

($2018)

7% 

Rate

Total Benefits 

($2018) 

Discounted 7%

3% 

Rate

Total Benefits 

($2018) 

Discounted 3%

Initial Project 

Costs ($2018)1
Total Cost 

($2018)

7% 

Rate

Total Costs 

($2018) 

Discounted 7%

3% 

Rate

Total Costs 

($2018) 

Discounted 3%

Net Present 

Value AT 7%

Net Present 

Value AT 3%

2021 1 $0 $0 $0 $0 $0 $0 $0 0.82 $0 0.92 $0 $2,855,000 $2,855,000 0.82 $2,330,530 0.92 $2,612,729 ($2,330,530) ($2,612,729)

2022 2 $0 $0 $0 $0 $0 $0 $0 0.76 $0 0.89 $0 $2,855,000 $2,855,000 0.76 $2,178,066 0.89 $2,536,631 ($2,178,066) ($2,536,631)

2023 3 $0 $0 $0 $0 $0 $0 $0 0.71 $0 0.86 $0 $31,605,000 $31,605,000 0.71 $22,533,928 0.86 $27,262,751 ($22,533,928) ($27,262,751)

2024 4 $0 $0 $0 $0 $0 $0 $0 0.67 $0 0.84 $0 $31,605,000 $31,605,000 0.67 $21,059,746 0.84 $26,468,690 ($21,059,746) ($26,468,690)

2025 5 $0 $0 $0 $0 $0 $0 $0 0.62 $0 0.81 $0 $28,750,000 $28,750,000 0.62 $17,904,055 0.81 $23,376,381 ($17,904,055) ($23,376,381)

2026 6 $0 $0 $0 $0 $0 $0 $0 0.58 $0 0.79 $0 $28,750,000 $28,750,000 0.58 $16,732,762 0.79 $22,695,515 ($16,732,762) ($22,695,515)

2027 7 $2,235,383 $4,269,166 $227,851 $2,196,660 $5,775,000 ($10,000) $5,000,000 $19,694,060 0.54 $10,712,264 0.77 $15,093,857 $0 $0 0.54 $0 0.77 $0 $10,712,264 $15,093,857

2028 8 $2,281,208 $4,356,684 $229,560 $2,205,816 $4,200,000 ($10,000) $0 $13,263,269 0.51 $6,742,373 0.74 $9,869,117 $0 $0 0.51 $0 0.74 $0 $6,742,373 $9,869,117

2029 9 $2,327,973 $4,445,996 $231,282 $2,233,152 ($10,000) $0 $9,228,403 0.48 $4,384,348 0.72 $6,666,795 $0 $0 0.48 $0 0.72 $0 $4,384,348 $6,666,795

2030 10 $2,375,696 $4,537,139 $233,017 $2,251,464 ($10,000) $0 $9,387,316 0.44 $4,168,081 0.70 $6,584,075 $0 $0 0.44 $0 0.70 $0 $4,168,081 $6,584,075

2031 11 $2,424,398 $4,630,150 $234,764 $2,260,620 ($10,000) $0 $9,539,933 0.41 $3,958,733 0.68 $6,496,230 $0 $0 0.41 $0 0.68 $0 $3,958,733 $6,496,230

2032 12 $2,474,098 $4,725,068 $236,525 $2,278,844 ($10,000) $0 $9,704,536 0.39 $3,763,586 0.66 $6,415,841 $0 $0 0.39 $0 0.66 $0 $3,763,586 $6,415,841

2033 13 $2,524,817 $4,821,932 $238,299 $2,292,600 $14,100,000 ($10,000) $0 $23,967,649 0.36 $8,686,979 0.64 $15,383,922 $0 $0 0.36 $0 0.64 $0 $8,686,979 $15,383,922

2034 14 $2,576,576 $4,920,782 $240,086 $2,310,780 ($10,000) $0 $10,038,224 0.34 $3,400,294 0.62 $6,255,490 $0 $0 0.34 $0 0.62 $0 $3,400,294 $6,255,490

2035 15 $2,629,396 $5,021,658 $241,887 $2,324,492 ($10,000) $0 $10,207,433 0.32 $3,231,412 0.61 $6,175,665 $0 $0 0.32 $0 0.61 $0 $3,231,412 $6,175,665

2036 16 $2,683,299 $5,124,602 $243,701 $2,342,760 ($10,000) $0 $10,384,362 0.30 $3,072,358 0.59 $6,099,718 $0 $0 0.30 $0 0.59 $0 $3,072,358 $6,099,718

2037 17 $2,738,306 $5,229,656 $245,529 $2,356,516 ($10,000) ($1,000,000) $9,560,007 0.28 $2,643,422 0.57 $5,451,939 $0 $0 0.28 $0 0.57 $0 $2,643,422 $5,451,939

2038 18 $2,794,442 $5,336,864 $247,370 $2,370,228 $3,100,000 ($10,000) $0 $13,838,904 0.26 $3,576,236 0.55 $7,662,266 $0 $0 0.26 $0 0.55 $0 $3,576,236 $7,662,266

2039 19 $2,851,728 $5,446,270 $249,226 $2,392,964 ($10,000) $0 $10,930,187 0.24 $2,639,783 0.54 $5,875,514 $0 $0 0.24 $0 0.54 $0 $2,639,783 $5,875,514

2040 20 $2,910,188 $5,557,918 $251,095 $2,406,720 ($10,000) $0 $11,115,921 0.23 $2,509,010 0.52 $5,801,316 $0 $0 0.23 $0 0.52 $0 $2,509,010 $5,801,316

2041 21 $2,969,847 $5,671,856 $252,978 $2,424,944 ($10,000) $0 $11,309,625 0.21 $2,385,730 0.51 $5,730,493 $0 $0 0.21 $0 0.51 $0 $2,385,730 $5,730,493

2042 22 $3,030,729 $5,788,129 $254,875 $2,438,700 ($10,000) $0 $11,502,433 0.20 $2,267,666 0.49 $5,658,435 $0 $0 0.20 $0 0.49 $0 $2,267,666 $5,658,435

2043 23 $3,092,859 $5,906,785 $256,787 $2,452,500 ($10,000) $0 $11,698,931 0.18 $2,155,518 0.48 $5,587,475 $0 $0 0.18 $0 0.48 $0 $2,155,518 $5,587,475

2044 24 $3,156,262 $6,027,875 $258,713 $2,466,168 ($10,000) $0 $11,899,018 0.17 $2,048,957 0.46 $5,517,512 $0 $0 0.17 $0 0.46 $0 $2,048,957 $5,517,512

2045 25 $3,220,966 $6,151,446 $260,653 $2,493,416 ($10,000) $0 $12,116,481 0.16 $1,949,910 0.45 $5,454,707 $0 $0 0.16 $0 0.45 $0 $1,949,910 $5,454,707

2046 26 $3,286,995 $6,277,551 $262,608 $2,511,772 ($10,000) $0 $12,328,926 0.15 $1,854,298 0.44 $5,388,687 $0 $0 0.15 $0 0.44 $0 $1,854,298 $5,388,687

2047 27 $3,354,379 $6,406,240 $264,578 $2,520,928 ($10,000) ($1,000,000) $11,536,125 0.14 $1,621,550 0.42 $4,895,313 $0 $0 0.14 $0 0.42 $0 $1,621,550 $4,895,313

2048 28 $3,423,144 $6,537,568 $266,562 $2,543,664 ($10,000) $0 $12,760,938 0.13 $1,676,368 0.41 $5,257,337 $0 $0 0.13 $0 0.41 $0 $1,676,368 $5,257,337

2049 29 $3,493,318 $6,671,588 $268,561 $2,557,420 ($10,000) $0 $12,980,888 0.12 $1,593,703 0.40 $5,192,188 $0 $0 0.12 $0 0.40 $0 $1,593,703 $5,192,188

2050 30 $3,564,931 $6,808,356 $270,575 $2,580,244 ($10,000) $0 $13,214,106 0.11 $1,516,201 0.39 $5,131,527 $0 $0 0.11 $0 0.39 $0 $1,516,201 $5,131,527

2051 31 $3,638,012 $6,947,927 $272,605 $2,589,444 ($10,000) $0 $13,437,988 0.11 $1,441,019 0.38 $5,066,474 $0 $0 0.11 $0 0.38 $0 $1,441,019 $5,066,474

2052 32 $3,712,591 $7,090,360 $274,649 $2,603,156 ($10,000) $0 $13,670,756 0.10 $1,370,074 0.37 $5,004,111 $0 $0 0.10 $0 0.37 $0 $1,370,074 $5,004,111

2053 33 $3,788,700 $7,235,712 $276,709 $2,735,516 ($10,000) $0 $14,026,637 0.09 $1,313,776 0.36 $4,984,834 $0 $0 0.09 $0 0.36 $0 $1,313,776 $4,984,834

2054 34 $3,866,368 $7,384,044 $278,784 $2,753,784 ($10,000) $0 $14,272,980 0.09 $1,249,392 0.35 $4,924,641 $0 $0 0.09 $0 0.35 $0 $1,249,392 $4,924,641

2055 35 $3,945,628 $7,535,417 $280,875 $2,767,540 ($10,000) $0 $14,519,461 0.08 $1,187,820 0.33 $4,863,772 $0 $0 0.08 $0 0.33 $0 $1,187,820 $4,863,772

2056 36 $4,026,514 $7,689,893 $282,982 $2,785,808 ($10,000) $0 $14,775,197 0.08 $1,129,665 0.33 $4,805,280 $0 $0 0.08 $0 0.33 $0 $1,129,665 $4,805,280

2057 37 $4,109,057 $7,847,536 $285,104 $2,795,008 $19,700,000 ($10,000) ($1,000,000) $33,726,706 0.07 $2,409,942 0.32 $10,649,327 $0 $0 0.07 $0 0.32 $0 $2,409,942 $10,649,327

Totals $95,507,808 $182,402,171 $7,918,791 $76,243,628 $27,175,000 $19,700,000 -$310,000 $2,000,000 $410,637,397 $92,660,466 $203,943,856 $126,420,000 $126,420,000 $82,739,087 $104,952,697 $9,921,379 $98,991,159

Notes

1. Based on Conceptual Cost Estimate ($2018) dated July 2018

3 Highway Maintenance includes additional pavement preservation projects at 10-year interval after opening

Real Dollars

7% Discount Rate

3% Discount Rate

BOW-CONCORD 13742

BENEFIT-COST ANALYSIS
February 17, 2020

1.12

1.94

Benefit Cost Ratio

Benefits

3.25

Costs

2. Bridge Maintenance cost assumed to be yearly cleaning.  Additional work such as membrane  and deck replacement would occur outside the scope of 

this BCA timeline
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JOB

SHEET NO.

CALCULATED BY DATE

CHECKED BY DATE

PROJECT NO. SCALE

Begin Design Year =

End Design Year =

Design and ROW Costs =

PE/ROW Costs Per Year =

Begin Construction Year =

End Construction Year =

Construction Costs =

Construction Costs Per Year =

Project Opening Year =

Analysis Periond =

End Analysis Year Year =

Engineering, Planning & Construction Administration

www.mjinc.com

McFARLAND JOHNSON

17841

02/12/20

BOW-CONCORD 13742

OF1

BRC

PROJECT FUNDING ASSUMPTIONS

11,420,000$          

2024

2021

2,855,000.00$       

115,000,000$        

28,750,000.00$     

2023

2026

2027

30 Years

2057 Years

Calendar 

Year

2021

2022

Project 

Year1

1

2

Design Costs

2034

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

14

3

4

5

6

7

8

9

10

11

12

13

Construction Costs Total Project Costs

2,855,000.00$       

2,855,000.00$       

2,855,000.00$       28,750,000.00$     

28,750,000.00$     

28,750,000.00$     

2,855,000.00$       

28,750,000.00$     

-$                       

2,855,000.00$       

2,855,000.00$       

31,605,000.00$     

31,605,000.00$     

28,750,000.00$     

28,750,000.00$     

-$                       

-$                       

-$                       

-$                       

-$                       

-$                       

-$                       
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JOB

SHEET NO.

CALCULATED BY DATE

CHECKED BY DATE

PROJECT NO. SCALE

COST OF BRIDGE PROJECTS IF BOW-CONCORD 13742 PROJECT IS NOT UNDERTAKEN

ASSUME CURRENT RED LIST BRIDGES WOULD NEED COMPLETE REPLACEMENT

ASSUME OTHER BRIDGES THAT BOW-CONCORD WOULD RECONSTRUCT WOULD HAVE NEEDED

A DECK REPLACEMENT IF BOW-CONCORD PROJECT IS NOT UNDERTAKEN

RED LIST BRIDGES IN AREA

Bridge Priority DECK SF

I-89 over South St 24

ASSUME THIS WOULD NEED TO BE DONE BY OPENING YEAR OF BOW-CONCORD PROJECT

Bridge

I-93 SB RAMP TO I-89 NB

I-93 SB OVER B&M RAILROAD

I-93 NB OVER B&M RAILROAD

I-93 SB OVER HALL STREET

I-93 NB OVER HALL STREET

$1,925,000

Other 

Costs (x2)

McFARLAND JOHNSON BOW-CONCORD 13742

Engineering, Planning & Construction Administration 1 OF

5500

OTHER BRIDGES IN THE AREA THAT NEED TO BE REDECKED IF BOW-CONCORD PROJECT DOES 

NOT ADVANCE

AVOIDED BRIDGE PROJECTS

www.mjinc.com BRC 02/12/20

17841

Total Cost

$3,850,000 $5,775,000

Cost per SF

$350

Bridge Cost

$4,200,000

$4,200,000

TOTAL 

PROJECT 

COST
EXPECTED 

YEAR

2038

2033

2033

2033

2028

$3,100,000

$4,600,000

$5,300,000
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JOB

SHEET NO.

CALCULATED BY DATE

CHECKED BY DATE

PROJECT NO. SCALE

Estimated Cost of Bridges (New or Replaced Bridges - No Rehab Bridges)

I-89 Area Ramp I over Turkey River

Ramp I over Local Road

Local Road

Ramp C

I-89 Over South St

I-89 (Ramp H) over Turkey River

I-89 (Ramp D) over Turkey River

Exit 12 Area I-93 NB over PAR

I-93 SB over PAR

Exit 13 Area I-93 NB over Hall St

I-93 SB over Hall St

US 3 over Merrimack River (Slip Ramp)

Total Estimated Bridge Construction Cost ($2018) = 

Service Life of Bridges = 

Bridge Opening Year = 

End of Analysis Year =

Residual Value at End of Analysis Year = 

17841

McFARLAND JOHNSON BOW-CONCORD 13742

Engineering, Planning & Construction Administration 1 OF

www.mjinc.com BRC 02/12/20

$4,537,050

RESIDUAL BRIDGE VALUE

$421,400

$480,900

$4,237,800

$1,153,600

$3,165,750

$1,365,000

$627,900

$4,935,000

$4,935,000

$4,537,050

2057

$19,700,000

$2,424,625

$32,821,075

75 Years

2027
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DETERMINE COSTS FOR ADDITIONAL MAINTENANCE

DETERMINE COST OF FUTURE OVERLAY 

AREA OF EXPANDED PAVEMENT = 12.25 ACRES OF PAVEMENT

(FROM STORMWATER SUMMARY)

(I-89, Exit 12, & 1/2 Exit 13)

533,610.00            SQ. FT

ASSUMPTIONS 1.5 INCH OVERLAY

152 LB / CF OF PAVEMENT

70.00$                    PER TON

QUANTITY OF PAVEMENT ONLY = 5069.3 TONS

COST OF PAVEMENT ONLY = 354,850.65$          

USING BEDFORD 41174 AS GO-BY

TOTAL CONTRACT COST = 4,175,287.00$      

COST OF PAVEMENT ONLY = 1,737,650.00$      

PAVEMENT TO TOTAL RATIO = 2.40

USING CANTERBURY NORTHFIELD 41057 AS GO-BY

TOTAL CONTRACT COST = 5,056,832.50$      

COST OF PAVEMENT ONLY = 1,580,275.00$      

PAVEMENT TO TOTAL RATIO = 3.20

USING BOW HOPKINTON AS GO-BY

TOTAL CONTRACT COST = 4,059,045.68$      

COST OF PAVEMENT ONLY = 1,445,375.00$      

PAVEMENT TO TOTAL RATIO = 2.81

AVERAGE PAVEMENT TO TOTAL RATIO = 2.80

COST OF BOW-CONCORD USING RATIO = 994,895.33$          

USE = 1,000,000.00$      

USE ONLY EXPANDED AREA OF PAVEMENT AS ORIGINAL AREA OF PAVEMENT WOULD HAVE NEEDED AN 

OVERLAY REGARDLESS OF PROJECT

APPENDIX A



DETERMINE COSTS SAVED FOR AVOIDED MAINTENANCE

DETERMINE COST OF FUTURE OVERLAY OF EXISTING PAVEMENT AREA

AREA OF EXISTING PAVEMENT = 57.75 ACRES OF PAVEMENT

(FROM STORMWATER SUMMARY)

(I-89, Exit 12, & 1/2 Exit 13)

2,515,590.00        SQ. FT

ASSUMPTIONS 1.5 INCH OVERLAY

152 LB / CF OF PAVEMENT

70.00$                   PER TON

QUANTITY OF PAVEMENT ONLY = 23898.1 TONS

COST OF PAVEMENT ONLY = 1,672,867.35$      

USING BEDFORD 41174 AS GO-BY

TOTAL CONTRACT COST = 4,175,287.00$      

COST OF PAVEMENT ONLY = 1,737,650.00$      

PAVEMENT TO TOTAL RATIO = 2.40

USING CANTERBURY NORTHFIELD 41057 AS GO-BY

TOTAL CONTRACT COST = 5,056,832.50$      

COST OF PAVEMENT ONLY = 1,580,275.00$      

PAVEMENT TO TOTAL RATIO = 3.20

USING BOW HOPKINTON AS GO-BY

TOTAL CONTRACT COST = 4,059,045.68$      

COST OF PAVEMENT ONLY = 1,445,375.00$      

PAVEMENT TO TOTAL RATIO = 2.81

AVERAGE PAVEMENT TO TOTAL RATIO = 2.80

COST OF BOW-CONCORD USING RATIO = 4,690,220.83$      

USE = 5,000,000.00$      
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Value of Fuel Savings

No Build Scenario D No Build Scenario D AM PM AM PM

2014 VHT (hours) 1789 1052 1371 1154 737 217 41.2% 15.9%

2015 VMT (miles) 59143 59376 66499 66473 -233 26 -0.4% 0.0%

2016 Southbound 14.80 10.20 10.13 9.72 5 0 31.1% 4.1%

2017 Northbound 18.27 9.72 13.13 9.92 9 3 46.8% 24.4%

2018 Gas 1327 1125 1312 1278 202 33 15.2% 2.5%

2019 Diesel 450 373 450 422 78 28 17.2% 6.1%

2020 Gas 3,632.60$              3,080.85$              3,591.11$              3,500.12$              552 91 15.2% 2.5%

2021 1 Diesel 1,391.47$              1,151.66$              1,389.12$              1,304.12$              240 85 17.2% 6.1%

2022 2

2023 3 Total Fuel Cost Savings Per Day = Fuel Cost Reductions in the AM & PM Peak Hours for both Gas and Diesel

2024 4 Total Fuel Cost Savings Per Day = $551.75 + $90.99 + $239.80 + $85.00

2025 5 Total Fuel Cost Savings Per Day = $967.55

2026 6

2027 7 0.9420 $227,851 5 BUSINESS DAYS PER WEEK

2028 8 0.9490 $229,560 50 WORK WEEKS A YEAR

2029 9 0.9562 $231,282 250 BUSINESS DAYS PER YEAR

2030 10 0.9633 $233,017

2031 11 0.9706 $234,764 $241,886.89 Total Fuel Cost Savings Per Year

2032 12 0.9778 $236,525 Total Fuel Cost Savings Per Day x Business Days Per Year

2033 13 0.9852 $238,299

2034 14 0.9926 $240,086 (1) Traffic Growth = 0.75% Per Year

2035 15 1.0000 $241,887 (2) Fuel Cost Savings is directly related to the volume of traffic

2036 16 1.0075 $243,701

2037 17 1.0151 $245,529

2038 18 1.0227 $247,370

2039 19 1.0303 $249,226

2040 20 1.0381 $251,095

2041 21 1.0459 $252,978

2042 22 1.0537 $254,875

2043 23 1.0616 $256,787

2044 24 1.0696 $258,713

2045 25 1.0776 $260,653

2046 26 1.0857 $262,608

2047 27 1.0938 $264,578

2048 28 1.1020 $266,562

2049 29 1.1103 $268,561

2050 30 1.1186 $270,575

2051 31 1.1270 $272,605

2052 32 1.1354 $274,649

2053 33 1.1440 $276,709

2054 34 1.1525 $278,784

2055 35 1.1612 $280,875

2056 36 1.1699 $282,982

2057 37 1.1787 $285,104
$7,918,791

Calendar Year

Reduction Percent ReductionAM Peak Hour PM Peak Hour

Travel Time (min)

Fuel Use (gallons)

Fuel Cost (dollars)

Average Annual 

Traffic (Compared 

to 2035)

Value of Fuel 

Saved ($2018)
Project Year
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Value of Crash Reductions

2014 $0

2015 $0

2016 $0

2017 $0

2018 $0

2019 $0

2020 $0

2021 1 $0

2022 2 $0

2023 3 $0

2024 4 $0

2025 5 $0

2026 6 $0

2027 7 $548,260 $474,528 $507,904 $414,816 $145,308 $19,720 $86,124 $2,196,660

2028 8 $552,816 $474,572 $507,904 $419,372 $145,308 $19,720 $86,124 $2,205,816

2029 9 $561,884 $479,172 $512,460 $423,928 $149,864 $19,720 $86,124 $2,233,152

2030 10 $566,484 $483,728 $517,016 $423,928 $149,864 $24,276 $86,168 $2,251,464

2031 11 $566,528 $488,240 $517,060 $428,484 $149,864 $24,276 $86,168 $2,260,620

2032 12 $571,084 $492,796 $521,616 $433,040 $149,864 $24,276 $86,168 $2,278,844

2033 13 $575,640 $492,840 $521,660 $433,084 $154,376 $24,320 $90,680 $2,292,600

2034 14 $580,240 $497,396 $526,172 $437,596 $154,376 $24,320 $90,680 $2,310,780

2035 15 $584,752 $501,952 $526,216 $442,152 $154,420 $24,320 $90,680 $2,324,492

2036 16 $589,352 $506,508 $530,772 $446,708 $154,420 $24,320 $90,680 $2,342,760

2037 17 $593,952 $511,064 $530,816 $446,752 $158,932 $24,320 $90,680 $2,356,516

2038 18 $598,464 $511,108 $535,372 $451,308 $158,932 $24,364 $90,680 $2,370,228

2039 19 $603,064 $515,664 $539,928 $455,820 $158,932 $24,364 $95,192 $2,392,964

2040 20 $607,620 $520,220 $539,928 $460,376 $158,976 $24,408 $95,192 $2,406,720

2041 21 $612,176 $524,776 $544,484 $460,420 $163,488 $24,408 $95,192 $2,424,944

2042 22 $616,732 $529,332 $544,528 $464,976 $163,488 $24,408 $95,236 $2,438,700

2043 23 $621,332 $529,376 $549,084 $469,532 $163,488 $24,452 $95,236 $2,452,500

2044 24 $625,888 $533,932 $549,128 $474,044 $163,488 $24,452 $95,236 $2,466,168

2045 25 $630,444 $538,488 $553,684 $478,600 $168,000 $24,452 $99,748 $2,493,416

2046 26 $635,044 $547,556 $558,240 $478,644 $168,044 $24,496 $99,748 $2,511,772

2047 27 $639,600 $547,600 $558,240 $483,200 $168,044 $24,496 $99,748 $2,520,928

2048 28 $644,156 $552,156 $562,796 $487,756 $172,556 $24,496 $99,748 $2,543,664

2049 29 $648,756 $556,712 $562,840 $492,312 $172,556 $24,496 $99,748 $2,557,420

2050 30 $657,824 $561,312 $567,396 $496,868 $172,556 $24,540 $99,748 $2,580,244

2051 31 $657,912 $565,824 $571,952 $496,868 $172,600 $24,540 $99,748 $2,589,444

2052 32 $662,468 $565,868 $571,996 $501,424 $177,112 $24,540 $99,748 $2,603,156

2053 33 $671,536 $574,980 $672,552 $505,980 $177,112 $29,096 $104,260 $2,735,516

2054 34 $676,136 $579,536 $677,108 $510,536 $177,112 $29,096 $104,260 $2,753,784

2055 35 $676,224 $584,048 $677,152 $515,092 $181,624 $29,140 $104,260 $2,767,540

2056 36 $685,248 $584,136 $681,708 $519,648 $181,668 $29,140 $104,260 $2,785,808

2057 37 $689,848 $588,692 $681,752 $519,648 $181,668 $29,140 $104,260 $2,795,008

Calendar Year Project Year I-89 Exit 1 Weaves
I-89 CD Road 

Weave

Total Crash 

Reduction Benefit

Exit 12 

Roundabouts

I-93 Weave 

Between I-89 and 

Exit 12

I-93 Weave 

Between Exit 12 

and Exit 13

I-89 Exit 1 NB Off 

Ramp Intersection 

with South Street

I-89 Exit 1 SB Off 

Ramp Intersection 

with South Street
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INTERSTATE 89 WEAVING AREA BETWEEN EXIT 1 AND INTERSTATE 93 RAMPS

Value of Life Crash Cost by Type

Type Cost ($2018)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 1.80 1.40 0.00 0.36 0.28 0.00 $0

2018 0.75% 1.82 1.42 0.00 0.37 0.29 0.00 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 1.83 1.43 0.00 0.37 0.29 0.00 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 1.85 1.44 0.00 0.37 0.29 0.00 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 1.86 1.45 0.00 0.38 0.29 0.00 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 1.87 1.46 0.00 0.38 0.30 0.00 $0

2023 4.59% 1.89 1.47 0.00 0.38 0.30 0.00 $0

2024 5.37% 1.90 1.48 0.00 0.38 0.30 0.00 $0

2025 6.16% 1.92 1.49 0.00 0.39 0.30 0.00 $0

Total 32 3.2 2026 6.96% 1.93 1.50 0.00 0.39 0.30 0.00 $0

PDO 18 1.8 2027 7.76% 1.94 1.51 0.00 0.39 0.31 0.00 1.55 1.20 0.00 $548,260

Injury 14 1.4 2028 8.57% 1.96 1.52 0.00 0.40 0.31 0.00 1.56 1.21 0.00 $552,816

Fatal 0 0.0 2029 9.38% 1.97 1.54 0.00 0.40 0.31 0.00 1.57 1.23 0.00 $561,884

(4) Source: New Hampshire Department of Transportation 2030 10.20% 1.99 1.55 0.00 0.40 0.31 0.00 1.59 1.24 0.00 $566,484

2031 11.03% 2.00 1.56 0.00 0.40 0.32 0.00 1.60 1.24 0.00 $566,528

2032 11.86% 2.02 1.57 0.00 0.41 0.32 0.00 1.61 1.25 0.00 $571,084

0.2 2033 12.70% 2.03 1.58 0.00 0.41 0.32 0.00 1.62 1.26 0.00 $575,640

2034 13.54% 2.05 1.59 0.00 0.41 0.32 0.00 1.64 1.27 0.00 $580,240

2035 14.40% 2.06 1.61 0.00 0.42 0.33 0.00 1.64 1.28 0.00 $584,752

2036 15.25% 2.08 1.62 0.00 0.42 0.33 0.00 1.66 1.29 0.00 $589,352

2037 16.12% 2.10 1.63 0.00 0.42 0.33 0.00 1.68 1.30 0.00 $593,952

2038 16.99% 2.11 1.64 0.00 0.43 0.33 0.00 1.68 1.31 0.00 $598,464

2039 17.87% 2.13 1.66 0.00 0.43 0.34 0.00 1.70 1.32 0.00 $603,064

2040 18.75% 2.14 1.67 0.00 0.43 0.34 0.00 1.71 1.33 0.00 $607,620

2041 19.64% 2.16 1.68 0.00 0.44 0.34 0.00 1.72 1.34 0.00 $612,176

2042 20.54% 2.17 1.69 0.00 0.44 0.34 0.00 1.73 1.35 0.00 $616,732

2043 21.44% 2.19 1.71 0.00 0.44 0.35 0.00 1.75 1.36 0.00 $621,332

2044 22.35% 2.21 1.72 0.00 0.45 0.35 0.00 1.76 1.37 0.00 $625,888

2045 23.27% 2.22 1.73 0.00 0.45 0.35 0.00 1.77 1.38 0.00 $630,444

2046 24.20% 2.24 1.74 0.00 0.45 0.35 0.00 1.79 1.39 0.00 $635,044

2047 25.13% 2.26 1.76 0.00 0.46 0.36 0.00 1.80 1.40 0.00 $639,600

2048 26.07% 2.27 1.77 0.00 0.46 0.36 0.00 1.81 1.41 0.00 $644,156

2049 27.01% 2.29 1.78 0.00 0.46 0.36 0.00 1.83 1.42 0.00 $648,756

2050 27.96% 2.31 1.80 0.00 0.47 0.36 0.00 1.84 1.44 0.00 $657,824
Assumptions 2051 28.92% 2.33 1.81 0.00 0.47 0.37 0.00 1.86 1.44 0.00 $657,912

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 2.34 1.82 0.00 0.47 0.37 0.00 1.87 1.45 0.00 $662,468

(2) Crashes will increase at same rate as traffic 2053 30.86% 2.36 1.84 0.00 0.48 0.37 0.00 1.88 1.47 0.00 $671,536

2054 31.85% 2.38 1.85 0.00 0.48 0.37 0.00 1.90 1.48 0.00 $676,136

2055 32.83% 2.40 1.86 0.00 0.48 0.38 0.00 1.92 1.48 0.00 $676,224

2056 33.83% 2.41 1.88 0.00 0.49 0.38 0.00 1.92 1.50 0.00 $685,248

2057 34.83% 2.43 1.89 0.00 0.49 0.38 0.00 1.94 1.51 0.00 $689,848

Total $16,424,008

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

5. There is no CMF for eliminating a weave, but the reduction in crashes would be expected to be greater than the 

20% for providing an auxiliary lane.

Eliminating Weave Movement

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)

Expected reduction in crashes per year

PDO Crashes Injury Crashes Fatal Crashes

Expected Crashes per year based on % increase in traffic volume per year (No-Build)

PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)

Expected Crashes per year (Build) Using CMF

APPENDIX A



INTERSECTION AT END OF I-89 NB OFF RAMP AT EXIT 1 WITH SOUTH STREET

Value of Life Crash Cost by Type

Type Cost ($2018)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 0.80 0.10 0.00 0.45 0.06 0.00 $0

2018 0.75% 0.81 0.11 0.00 0.46 0.07 0.00 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 0.82 0.11 0.00 0.46 0.07 0.00 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 0.82 0.11 0.00 0.46 0.07 0.00 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 0.83 0.11 0.00 0.47 0.07 0.00 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 0.84 0.11 0.00 0.48 0.07 0.00 $0

2023 4.59% 0.84 0.11 0.00 0.48 0.07 0.00 $0

2024 5.37% 0.85 0.11 0.00 0.48 0.07 0.00 $0

2025 6.16% 0.85 0.11 0.00 0.48 0.07 0.00 $0

Total 9 0.9 2026 6.96% 0.86 0.11 0.00 0.49 0.07 0.00 $0

PDO 8 0.8 2027 7.76% 0.87 0.11 0.00 0.49 0.07 0.00 0.38 0.04 0.00 $19,720

Injury 1 0.1 2028 8.57% 0.87 0.11 0.00 0.49 0.07 0.00 0.38 0.04 0.00 $19,720

Fatal 0 0.0 2029 9.38% 0.88 0.11 0.00 0.50 0.07 0.00 0.38 0.04 0.00 $19,720

(4) Source: New Hampshire Department of Transportation 2030 10.20% 0.89 0.12 0.00 0.50 0.07 0.00 0.39 0.05 0.00 $24,276

2031 11.03% 0.89 0.12 0.00 0.50 0.07 0.00 0.39 0.05 0.00 $24,276

2032 11.86% 0.90 0.12 0.00 0.51 0.07 0.00 0.39 0.05 0.00 $24,276

0.56 2033 12.70% 0.91 0.12 0.00 0.51 0.07 0.00 0.40 0.05 0.00 $24,320

2034 13.54% 0.91 0.12 0.00 0.51 0.07 0.00 0.40 0.05 0.00 $24,320

2035 14.40% 0.92 0.12 0.00 0.52 0.07 0.00 0.40 0.05 0.00 $24,320

2036 15.25% 0.93 0.12 0.00 0.53 0.07 0.00 0.40 0.05 0.00 $24,320

2037 16.12% 0.93 0.12 0.00 0.53 0.07 0.00 0.40 0.05 0.00 $24,320

2038 16.99% 0.94 0.12 0.00 0.53 0.07 0.00 0.41 0.05 0.00 $24,364

2039 17.87% 0.95 0.12 0.00 0.54 0.07 0.00 0.41 0.05 0.00 $24,364

2040 18.75% 0.96 0.12 0.00 0.54 0.07 0.00 0.42 0.05 0.00 $24,408

2041 19.64% 0.96 0.12 0.00 0.54 0.07 0.00 0.42 0.05 0.00 $24,408

2042 20.54% 0.97 0.13 0.00 0.55 0.08 0.00 0.42 0.05 0.00 $24,408

2043 21.44% 0.98 0.13 0.00 0.55 0.08 0.00 0.43 0.05 0.00 $24,452

2044 22.35% 0.98 0.13 0.00 0.55 0.08 0.00 0.43 0.05 0.00 $24,452

2045 23.27% 0.99 0.13 0.00 0.56 0.08 0.00 0.43 0.05 0.00 $24,452

2046 24.20% 1.00 0.13 0.00 0.56 0.08 0.00 0.44 0.05 0.00 $24,496

2047 25.13% 1.01 0.13 0.00 0.57 0.08 0.00 0.44 0.05 0.00 $24,496

2048 26.07% 1.01 0.13 0.00 0.57 0.08 0.00 0.44 0.05 0.00 $24,496

2049 27.01% 1.02 0.13 0.00 0.58 0.08 0.00 0.44 0.05 0.00 $24,496

2050 27.96% 1.03 0.13 0.00 0.58 0.08 0.00 0.45 0.05 0.00 $24,540
Assumptions 2051 28.92% 1.04 0.13 0.00 0.59 0.08 0.00 0.45 0.05 0.00 $24,540

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 1.04 0.13 0.00 0.59 0.08 0.00 0.45 0.05 0.00 $24,540

(2) Crashes will increase at same rate as traffic 2053 30.86% 1.05 0.14 0.00 0.59 0.08 0.00 0.46 0.06 0.00 $29,096

2054 31.85% 1.06 0.14 0.00 0.60 0.08 0.00 0.46 0.06 0.00 $29,096

2055 32.83% 1.07 0.14 0.00 0.60 0.08 0.00 0.47 0.06 0.00 $29,140

2056 33.83% 1.08 0.14 0.00 0.61 0.08 0.00 0.47 0.06 0.00 $29,140

2057 34.83% 1.08 0.14 0.00 0.61 0.08 0.00 0.47 0.06 0.00 $29,140

Total $649,596

Expected Crashes per year based on % increase in traffic volume per year (No-Build) Expected Crashes per year (Build) Using CMF Expected reduction in crashes per year

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)
PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

Eliminating Weave Movement

5. Use a CMF of 0.75 for installing roundabouts at ramp terminal intersections

Injury Crashes
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INTERSECTION AT END OF I-89 SB OFF RAMP AT EXIT 1 WITH SOUTH STREET

Value of Life Crash Cost by Type

Type Cost ($2018)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 0.20 0.40 0.00 0.12 0.23 0.00 $0

2018 0.75% 0.21 0.41 0.00 0.12 0.23 0.00 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 0.21 0.41 0.00 0.12 0.23 0.00 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 0.21 0.41 0.00 0.12 0.23 0.00 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 0.21 0.42 0.00 0.12 0.24 0.00 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 0.21 0.42 0.00 0.12 0.24 0.00 $0

2023 4.59% 0.21 0.42 0.00 0.12 0.24 0.00 $0

2024 5.37% 0.22 0.43 0.00 0.13 0.25 0.00 $0

2025 6.16% 0.22 0.43 0.00 0.13 0.25 0.00 $0

Total 7 0.7 2026 6.96% 0.22 0.43 0.00 0.13 0.25 0.00 $0

PDO 2 0.2 2027 7.76% 0.22 0.44 0.00 0.13 0.25 0.00 0.09 0.19 0.00 $86,124

Injury 4 0.4 2028 8.57% 0.22 0.44 0.00 0.13 0.25 0.00 0.09 0.19 0.00 $86,124

Fatal 1 0.1 2029 9.38% 0.22 0.44 0.00 0.13 0.25 0.00 0.09 0.19 0.00 $86,124

(4) Source: New Hampshire Department of Transportation 2030 10.20% 0.23 0.45 0.00 0.13 0.26 0.00 0.10 0.19 0.00 $86,168

2031 11.03% 0.23 0.45 0.00 0.13 0.26 0.00 0.10 0.19 0.00 $86,168

2032 11.86% 0.23 0.45 0.00 0.13 0.26 0.00 0.10 0.19 0.00 $86,168

0.56 2033 12.70% 0.23 0.46 0.00 0.13 0.26 0.00 0.10 0.20 0.00 $90,680

2034 13.54% 0.23 0.46 0.00 0.13 0.26 0.00 0.10 0.20 0.00 $90,680

2035 14.40% 0.23 0.46 0.00 0.13 0.26 0.00 0.10 0.20 0.00 $90,680

2036 15.25% 0.24 0.47 0.00 0.14 0.27 0.00 0.10 0.20 0.00 $90,680

2037 16.12% 0.24 0.47 0.00 0.14 0.27 0.00 0.10 0.20 0.00 $90,680

Fatality added that occurred in 2017 2038 16.99% 0.24 0.47 0.00 0.14 0.27 0.00 0.10 0.20 0.00 $90,680

2039 17.87% 0.24 0.48 0.00 0.14 0.27 0.00 0.10 0.21 0.00 $95,192

2040 18.75% 0.24 0.48 0.00 0.14 0.27 0.00 0.10 0.21 0.00 $95,192

2041 19.64% 0.24 0.48 0.00 0.14 0.27 0.00 0.10 0.21 0.00 $95,192

2042 20.54% 0.25 0.49 0.00 0.14 0.28 0.00 0.11 0.21 0.00 $95,236

2043 21.44% 0.25 0.49 0.00 0.14 0.28 0.00 0.11 0.21 0.00 $95,236

2044 22.35% 0.25 0.49 0.00 0.14 0.28 0.00 0.11 0.21 0.00 $95,236

2045 23.27% 0.25 0.50 0.00 0.14 0.28 0.00 0.11 0.22 0.00 $99,748

2046 24.20% 0.25 0.50 0.00 0.14 0.28 0.00 0.11 0.22 0.00 $99,748

2047 25.13% 0.26 0.51 0.00 0.15 0.29 0.00 0.11 0.22 0.00 $99,748

2048 26.07% 0.26 0.51 0.00 0.15 0.29 0.00 0.11 0.22 0.00 $99,748

2049 27.01% 0.26 0.51 0.00 0.15 0.29 0.00 0.11 0.22 0.00 $99,748

2050 27.96% 0.26 0.52 0.00 0.15 0.30 0.00 0.11 0.22 0.00 $99,748
Assumptions 2051 28.92% 0.26 0.52 0.00 0.15 0.30 0.00 0.11 0.22 0.00 $99,748

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 0.26 0.52 0.00 0.15 0.30 0.00 0.11 0.22 0.00 $99,748

(2) Crashes will increase at same rate as traffic 2053 30.86% 0.27 0.53 0.00 0.16 0.30 0.00 0.11 0.23 0.00 $104,260

2054 31.85% 0.27 0.53 0.00 0.16 0.30 0.00 0.11 0.23 0.00 $104,260

2055 32.83% 0.27 0.54 0.00 0.16 0.31 0.00 0.11 0.23 0.00 $104,260

2056 33.83% 0.27 0.54 0.00 0.16 0.31 0.00 0.11 0.23 0.00 $104,260

2057 34.83% 0.27 0.54 0.00 0.16 0.31 0.00 0.11 0.23 0.00 $104,260

Total $2,534,484

Expected Crashes per year based on % increase in traffic volume per year (No-Build) Expected Crashes per year (Build) Using CMF Expected reduction in crashes per year

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)
PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

Eliminating Weave Movement

5. Use a CMF of 0.75 for installing roundabouts at ramp terminal intersections

Injury Crashes

APPENDIX A



WEAVING ON CD RAMP AT I-93 AND I89 INTERCHANGE

Value of Life Crash Cost by Type

Type Cost ($2018)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 1.40 1.20 0.00 0.28 0.24 0.00 $0

2018 0.75% 1.42 1.21 0.00 0.29 0.25 0.00 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 1.43 1.22 0.00 0.29 0.25 0.00 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 1.44 1.23 0.00 0.29 0.25 0.00 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 1.45 1.24 0.00 0.29 0.25 0.00 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 1.46 1.25 0.00 0.30 0.25 0.00 $0

2023 4.59% 1.47 1.26 0.00 0.30 0.26 0.00 $0

2024 5.37% 1.48 1.27 0.00 0.30 0.26 0.00 $0

2025 6.16% 1.49 1.28 0.00 0.30 0.26 0.00 $0

Total 26 2.6 2026 6.96% 1.50 1.29 0.00 0.30 0.26 0.00 $0

PDO 14 1.4 2027 7.76% 1.51 1.30 0.00 0.31 0.26 0.00 1.20 1.04 0.00 $474,528

Injury 12 1.2 2028 8.57% 1.52 1.31 0.00 0.31 0.27 0.00 1.21 1.04 0.00 $474,572

Fatal 0 0.0 2029 9.38% 1.54 1.32 0.00 0.31 0.27 0.00 1.23 1.05 0.00 $479,172

(4) Source: New Hampshire Department of Transportation 2030 10.20% 1.55 1.33 0.00 0.31 0.27 0.00 1.24 1.06 0.00 $483,728

2031 11.03% 1.56 1.34 0.00 0.32 0.27 0.00 1.24 1.07 0.00 $488,240

2032 11.86% 1.57 1.35 0.00 0.32 0.27 0.00 1.25 1.08 0.00 $492,796

0.2 2033 12.70% 1.58 1.36 0.00 0.32 0.28 0.00 1.26 1.08 0.00 $492,840

2034 13.54% 1.59 1.37 0.00 0.32 0.28 0.00 1.27 1.09 0.00 $497,396

2035 14.40% 1.61 1.38 0.00 0.33 0.28 0.00 1.28 1.10 0.00 $501,952

2036 15.25% 1.62 1.39 0.00 0.33 0.28 0.00 1.29 1.11 0.00 $506,508

2037 16.12% 1.63 1.40 0.00 0.33 0.28 0.00 1.30 1.12 0.00 $511,064

2038 16.99% 1.64 1.41 0.00 0.33 0.29 0.00 1.31 1.12 0.00 $511,108

2039 17.87% 1.66 1.42 0.00 0.34 0.29 0.00 1.32 1.13 0.00 $515,664

2040 18.75% 1.67 1.43 0.00 0.34 0.29 0.00 1.33 1.14 0.00 $520,220

2041 19.64% 1.68 1.44 0.00 0.34 0.29 0.00 1.34 1.15 0.00 $524,776

2042 20.54% 1.69 1.45 0.00 0.34 0.29 0.00 1.35 1.16 0.00 $529,332

2043 21.44% 1.71 1.46 0.00 0.35 0.30 0.00 1.36 1.16 0.00 $529,376

2044 22.35% 1.72 1.47 0.00 0.35 0.30 0.00 1.37 1.17 0.00 $533,932

2045 23.27% 1.73 1.48 0.00 0.35 0.30 0.00 1.38 1.18 0.00 $538,488

2046 24.20% 1.74 1.50 0.00 0.35 0.30 0.00 1.39 1.20 0.00 $547,556

2047 25.13% 1.76 1.51 0.00 0.36 0.31 0.00 1.40 1.20 0.00 $547,600

2048 26.07% 1.77 1.52 0.00 0.36 0.31 0.00 1.41 1.21 0.00 $552,156

2049 27.01% 1.78 1.53 0.00 0.36 0.31 0.00 1.42 1.22 0.00 $556,712

2050 27.96% 1.80 1.54 0.00 0.36 0.31 0.00 1.44 1.23 0.00 $561,312
Assumptions 2051 28.92% 1.81 1.55 0.00 0.37 0.31 0.00 1.44 1.24 0.00 $565,824

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 1.82 1.56 0.00 0.37 0.32 0.00 1.45 1.24 0.00 $565,868

(2) Crashes will increase at same rate as traffic 2053 30.86% 1.84 1.58 0.00 0.37 0.32 0.00 1.47 1.26 0.00 $574,980

2054 31.85% 1.85 1.59 0.00 0.37 0.32 0.00 1.48 1.27 0.00 $579,536

2055 32.83% 1.86 1.60 0.00 0.38 0.32 0.00 1.48 1.28 0.00 $584,048

2056 33.83% 1.88 1.61 0.00 0.38 0.33 0.00 1.50 1.28 0.00 $584,136

2057 34.83% 1.89 1.62 0.00 0.38 0.33 0.00 1.51 1.29 0.00 $588,692

Total $14,077,700

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

Eliminating Weave Movement

5. There is no CMF for reducing traffic through a weave, but the reduction in crashes would be expected to be 

proportional to the reduction in the amount of traffic going through the weave, which is expected to be 80% in the 

AM and 90% in the PM.  Will use a CMF of 0.20.

Expected Crashes per year based on % increase in traffic volume per year (No-Build) Expected Crashes per year (Build) Using CMF Expected reduction in crashes per year

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)
PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)
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INTERSTATE 93 WEAVING AREA BETWEEN INTERSTATE 89 INTERCHANGE AND EXIT 12

Value of Life Crash Cost by Type

Type Cost ($2018)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 4.20 2.80 0.10 3.24 2.16 0.08 $0

2018 0.75% 4.24 2.83 0.11 3.27 2.18 0.09 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 4.27 2.85 0.11 3.29 2.20 0.09 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 4.30 2.87 0.11 3.32 2.21 0.09 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 4.33 2.89 0.11 3.34 2.23 0.09 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 4.36 2.91 0.11 3.36 2.25 0.09 $0

2023 4.59% 4.40 2.93 0.11 3.39 2.26 0.09 $0

2024 5.37% 4.43 2.96 0.11 3.42 2.28 0.09 $0

2025 6.16% 4.46 2.98 0.11 3.44 2.30 0.09 $0

Total 71 7.1 2026 6.96% 4.50 3.00 0.11 3.47 2.31 0.09 $0

PDO 42 4.2 2027 7.76% 4.53 3.02 0.11 3.49 2.33 0.09 1.04 0.69 0.02 $507,904

Injury 28 2.8 2028 8.57% 4.56 3.04 0.11 3.52 2.35 0.09 1.04 0.69 0.02 $507,904

Fatal 1 0.1 2029 9.38% 4.60 3.07 0.11 3.55 2.37 0.09 1.05 0.70 0.02 $512,460

(4) Source: New Hampshire Department of Transportation 2030 10.20% 4.63 3.09 0.12 3.57 2.38 0.10 1.06 0.71 0.02 $517,016

2031 11.03% 4.67 3.11 0.12 3.60 2.40 0.10 1.07 0.71 0.02 $517,060

2032 11.86% 4.70 3.14 0.12 3.62 2.42 0.10 1.08 0.72 0.02 $521,616

0.77 2033 12.70% 4.74 3.16 0.12 3.65 2.44 0.10 1.09 0.72 0.02 $521,660

2034 13.54% 4.77 3.18 0.12 3.68 2.45 0.10 1.09 0.73 0.02 $526,172

2035 14.40% 4.81 3.21 0.12 3.71 2.48 0.10 1.10 0.73 0.02 $526,216

2036 15.25% 4.85 3.23 0.12 3.74 2.49 0.10 1.11 0.74 0.02 $530,772

2037 16.12% 4.88 3.26 0.12 3.76 2.52 0.10 1.12 0.74 0.02 $530,816

2038 16.99% 4.92 3.28 0.12 3.79 2.53 0.10 1.13 0.75 0.02 $535,372

2039 17.87% 4.96 3.31 0.12 3.82 2.55 0.10 1.14 0.76 0.02 $539,928

2040 18.75% 4.99 3.33 0.12 3.85 2.57 0.10 1.14 0.76 0.02 $539,928

2041 19.64% 5.03 3.35 0.12 3.88 2.58 0.10 1.15 0.77 0.02 $544,484

2042 20.54% 5.07 3.38 0.13 3.91 2.61 0.11 1.16 0.77 0.02 $544,528

2043 21.44% 5.11 3.41 0.13 3.94 2.63 0.11 1.17 0.78 0.02 $549,084

2044 22.35% 5.14 3.43 0.13 3.96 2.65 0.11 1.18 0.78 0.02 $549,128

2045 23.27% 5.18 3.46 0.13 3.99 2.67 0.11 1.19 0.79 0.02 $553,684

2046 24.20% 5.22 3.48 0.13 4.02 2.68 0.11 1.20 0.80 0.02 $558,240

2047 25.13% 5.26 3.51 0.13 4.06 2.71 0.11 1.20 0.80 0.02 $558,240

2048 26.07% 5.30 3.53 0.13 4.09 2.72 0.11 1.21 0.81 0.02 $562,796

2049 27.01% 5.34 3.56 0.13 4.12 2.75 0.11 1.22 0.81 0.02 $562,840

2050 27.96% 5.38 3.59 0.13 4.15 2.77 0.11 1.23 0.82 0.02 $567,396
Assumptions 2051 28.92% 5.42 3.61 0.13 4.18 2.78 0.11 1.24 0.83 0.02 $571,952

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 5.46 3.64 0.13 4.21 2.81 0.11 1.25 0.83 0.02 $571,996

(2) Crashes will increase at same rate as traffic 2053 30.86% 5.50 3.67 0.14 4.24 2.83 0.11 1.26 0.84 0.03 $672,552

2054 31.85% 5.54 3.70 0.14 4.27 2.85 0.11 1.27 0.85 0.03 $677,108

2055 32.83% 5.58 3.72 0.14 4.30 2.87 0.11 1.28 0.85 0.03 $677,152

2056 33.83% 5.63 3.75 0.14 4.34 2.89 0.11 1.29 0.86 0.03 $681,708

2057 34.83% 5.67 3.78 0.14 4.37 2.92 0.11 1.30 0.86 0.03 $681,752

Total $14,701,744

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

Eliminating Weave Movement

5. Use a CMF of 0.77 for Adding an Auxiliary Lane in a Weaving Area

Expected Crashes per year based on % increase in traffic volume per year (No-Build) Expected Crashes per year (Build) Using CMF Expected reduction in crashes per year

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)
PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)

APPENDIX A



INTERSTATE 93 WEAVING AREA BETWEEN EXIT 12 AND EXIT 13

Value of Life Crash Cost by Type

Type Cost ($2017)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 3.90 3.70 0.00 3.01 2.85 0.00 $0

2018 0.75% 3.93 3.73 0.00 3.03 2.88 0.00 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 3.96 3.76 0.00 3.05 2.90 0.00 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 3.99 3.79 0.00 3.08 2.92 0.00 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 4.02 3.82 0.00 3.10 2.95 0.00 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 4.05 3.85 0.00 3.12 2.97 0.00 $0

2023 4.59% 4.08 3.87 0.00 3.15 2.98 0.00 $0

2024 5.37% 4.11 3.90 0.00 3.17 3.01 0.00 $0

2025 6.16% 4.15 3.93 0.00 3.20 3.03 0.00 $0

Total 76 7.6 2026 6.96% 4.18 3.96 0.00 3.22 3.05 0.00 $0

PDO 39 3.9 2027 7.76% 4.21 3.99 0.00 3.25 3.08 0.00 0.96 0.91 0.00 $414,816

Injury 37 3.7 2028 8.57% 4.24 4.02 0.00 3.27 3.10 0.00 0.97 0.92 0.00 $419,372

Fatal 0 0.0 2029 9.38% 4.27 4.05 0.00 3.29 3.12 0.00 0.98 0.93 0.00 $423,928

(4) Source: New Hampshire Department of Transportation 2030 10.20% 4.30 4.08 0.00 3.32 3.15 0.00 0.98 0.93 0.00 $423,928

2031 11.03% 4.34 4.11 0.00 3.35 3.17 0.00 0.99 0.94 0.00 $428,484

2032 11.86% 4.37 4.14 0.00 3.37 3.19 0.00 1.00 0.95 0.00 $433,040

0.77 2033 12.70% 4.40 4.17 0.00 3.39 3.22 0.00 1.01 0.95 0.00 $433,084

2034 13.54% 4.43 4.21 0.00 3.42 3.25 0.00 1.01 0.96 0.00 $437,596

2035 14.40% 4.47 4.24 0.00 3.45 3.27 0.00 1.02 0.97 0.00 $442,152

2036 15.25% 4.50 4.27 0.00 3.47 3.29 0.00 1.03 0.98 0.00 $446,708

2037 16.12% 4.53 4.30 0.00 3.49 3.32 0.00 1.04 0.98 0.00 $446,752

2038 16.99% 4.57 4.33 0.00 3.52 3.34 0.00 1.05 0.99 0.00 $451,308

2039 17.87% 4.60 4.37 0.00 3.55 3.37 0.00 1.05 1.00 0.00 $455,820

2040 18.75% 4.64 4.40 0.00 3.58 3.39 0.00 1.06 1.01 0.00 $460,376

2041 19.64% 4.67 4.43 0.00 3.60 3.42 0.00 1.07 1.01 0.00 $460,420

2042 20.54% 4.71 4.46 0.00 3.63 3.44 0.00 1.08 1.02 0.00 $464,976

2043 21.44% 4.74 4.50 0.00 3.65 3.47 0.00 1.09 1.03 0.00 $469,532

2044 22.35% 4.78 4.53 0.00 3.69 3.49 0.00 1.09 1.04 0.00 $474,044

2045 23.27% 4.81 4.57 0.00 3.71 3.52 0.00 1.10 1.05 0.00 $478,600

2046 24.20% 4.85 4.60 0.00 3.74 3.55 0.00 1.11 1.05 0.00 $478,644

2047 25.13% 4.88 4.63 0.00 3.76 3.57 0.00 1.12 1.06 0.00 $483,200

2048 26.07% 4.92 4.67 0.00 3.79 3.60 0.00 1.13 1.07 0.00 $487,756

2049 27.01% 4.96 4.70 0.00 3.82 3.62 0.00 1.14 1.08 0.00 $492,312

2050 27.96% 5.00 4.74 0.00 3.85 3.65 0.00 1.15 1.09 0.00 $496,868
Assumptions 2051 28.92% 5.03 4.78 0.00 3.88 3.69 0.00 1.15 1.09 0.00 $496,868

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 5.07 4.81 0.00 3.91 3.71 0.00 1.16 1.10 0.00 $501,424

(2) Crashes will increase at same rate as traffic 2053 30.86% 5.11 4.85 0.00 3.94 3.74 0.00 1.17 1.11 0.00 $505,980

2054 31.85% 5.15 4.88 0.00 3.97 3.76 0.00 1.18 1.12 0.00 $510,536

2055 32.83% 5.19 4.92 0.00 4.00 3.79 0.00 1.19 1.13 0.00 $515,092

2056 33.83% 5.22 4.96 0.00 4.02 3.82 0.00 1.20 1.14 0.00 $519,648

2057 34.83% 5.26 4.99 0.00 4.06 3.85 0.00 1.20 1.14 0.00 $519,648

Total $12,407,988

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

Eliminating Weave Movement

5. Use a CMF of 0.77 for Adding an Auxiliary Lane in a Weaving Area

Expected Crashes per year based on % increase in traffic volume per year (No-Build) Expected Crashes per year (Build) Using CMF Expected reduction in crashes per year

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)
PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)
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LOUDON ROAD LANE WIDTH ADJUSTMENTS

Value of Life Crash Cost by Type

Type Cost ($2018)

PDO 
1

$4,400

Injury 
2

$451,200

Fatality 3 $9,600,000 2017 0.00% 0.80 1.20 0.00 0.60 0.90 0.00 $0

2018 0.75% 0.81 1.21 0.00 0.61 0.91 0.00 $0

Sources: USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs 2019 1.51% 0.82 1.22 0.00 0.62 0.92 0.00 $0

(1) Table A-2 - Property Damage Only (PDO) Crashes 2020 2.27% 0.82 1.23 0.00 0.62 0.93 0.00 $0

(2) Table A-1 - Value of Reduced Fatalities and Injuries (MAIS 2 - Moderate) 2021 3.03% 0.83 1.24 0.00 0.63 0.93 0.00 $0

(3) Table A-1 - Value of Reduced Fatalities and Injuries (Fatal) 2022 3.81% 0.84 1.25 0.00 0.63 0.94 0.00 $0

2023 4.59% 0.84 1.26 0.00 0.63 0.95 0.00 $0

2024 5.37% 0.85 1.27 0.00 0.64 0.96 0.00 $0

2025 6.16% 0.85 1.28 0.00 0.64 0.96 0.00 $0

Total 20 2.0 2026 6.96% 0.86 1.29 0.00 0.65 0.97 0.00 $0

PDO 8 0.8 2027 7.76% 0.87 1.30 0.00 0.66 0.98 0.00 0.21 0.32 0.00 $145,308

Injury 12 1.2 2028 8.57% 0.87 1.31 0.00 0.66 0.99 0.00 0.21 0.32 0.00 $145,308

Fatal 0 0.0 2029 9.38% 0.88 1.32 0.00 0.66 0.99 0.00 0.22 0.33 0.00 $149,864

(4) Source: New Hampshire Department of Transportation 2030 10.20% 0.89 1.33 0.00 0.67 1.00 0.00 0.22 0.33 0.00 $149,864

2031 11.03% 0.89 1.34 0.00 0.67 1.01 0.00 0.22 0.33 0.00 $149,864

2032 11.86% 0.90 1.35 0.00 0.68 1.02 0.00 0.22 0.33 0.00 $149,864

0.75 2033 12.70% 0.91 1.36 0.00 0.69 1.02 0.00 0.22 0.34 0.00 $154,376

2034 13.54% 0.91 1.37 0.00 0.69 1.03 0.00 0.22 0.34 0.00 $154,376

2035 14.40% 0.92 1.38 0.00 0.69 1.04 0.00 0.23 0.34 0.00 $154,420

2036 15.25% 0.93 1.39 0.00 0.70 1.05 0.00 0.23 0.34 0.00 $154,420

2037 16.12% 0.93 1.40 0.00 0.70 1.05 0.00 0.23 0.35 0.00 $158,932

2038 16.99% 0.94 1.41 0.00 0.71 1.06 0.00 0.23 0.35 0.00 $158,932

2039 17.87% 0.95 1.42 0.00 0.72 1.07 0.00 0.23 0.35 0.00 $158,932

2040 18.75% 0.96 1.43 0.00 0.72 1.08 0.00 0.24 0.35 0.00 $158,976

2041 19.64% 0.96 1.44 0.00 0.72 1.08 0.00 0.24 0.36 0.00 $163,488

2042 20.54% 0.97 1.45 0.00 0.73 1.09 0.00 0.24 0.36 0.00 $163,488

2043 21.44% 0.98 1.46 0.00 0.74 1.10 0.00 0.24 0.36 0.00 $163,488

2044 22.35% 0.98 1.47 0.00 0.74 1.11 0.00 0.24 0.36 0.00 $163,488

2045 23.27% 0.99 1.48 0.00 0.75 1.11 0.00 0.24 0.37 0.00 $168,000

2046 24.20% 1.00 1.50 0.00 0.75 1.13 0.00 0.25 0.37 0.00 $168,044

2047 25.13% 1.01 1.51 0.00 0.76 1.14 0.00 0.25 0.37 0.00 $168,044

2048 26.07% 1.01 1.52 0.00 0.76 1.14 0.00 0.25 0.38 0.00 $172,556

2049 27.01% 1.02 1.53 0.00 0.77 1.15 0.00 0.25 0.38 0.00 $172,556

2050 27.96% 1.03 1.54 0.00 0.78 1.16 0.00 0.25 0.38 0.00 $172,556
Assumptions 2051 28.92% 1.04 1.55 0.00 0.78 1.17 0.00 0.26 0.38 0.00 $172,600

(1) Traffic Growth = 0.75% Per Year 2052 29.89% 1.04 1.56 0.00 0.78 1.17 0.00 0.26 0.39 0.00 $177,112

(2) Crashes will increase at same rate as traffic 2053 30.86% 1.05 1.58 0.00 0.79 1.19 0.00 0.26 0.39 0.00 $177,112

2054 31.85% 1.06 1.59 0.00 0.80 1.20 0.00 0.26 0.39 0.00 $177,112

2055 32.83% 1.07 1.60 0.00 0.81 1.20 0.00 0.26 0.40 0.00 $181,624

2056 33.83% 1.08 1.61 0.00 0.81 1.21 0.00 0.27 0.40 0.00 $181,668

2057 34.83% 1.08 1.62 0.00 0.81 1.22 0.00 0.27 0.40 0.00 $181,668

Total $4,345,968

Observed Crashes (2007-2016)4 Average per 

year

Crash Modification Factor
5

Eliminating Weave Movement

5. Use a CMF of 0.75 for installing roundabouts at ramp terminal intersections

Expected Crashes per year based on % increase in traffic volume per year (No-Build) Expected Crashes per year (Build) Using CMF Expected reduction in crashes per year

Cost Savings ($2018)
Year

% increase in traffic volume 

(Compared to 2017 Volumes)
PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes PDO Crashes Injury Crashes Fatal Crashes)

APPENDIX A



Value of Travel Time

2014 Assumptions

2015 (1) Traffic Growth = 0.75% Per Year

2016 (2) Travel Times Savings (Dollar Rate) Remains Constant

2017 (3) Total Travel Time Delay Increases at a rate of 2.05% per year

2018 1.00 1.000

2019 1.00 1.021

2020 1.00 1.041 $4,445,657 Summer Weekend Value of Time Saved in 2018

2021 1 1.00 1.063

2022 2 1.00 1.085 80% Assumed % proposed improvements will reduce delay

2023 3 1.00 1.107

2024 4 1.00 1.129

2025 5 1.00 1.153

2026 6 1.00 1.176

2027 7 0.850 $2,235,383 1.00 1.200 $4,269,166

2028 8 0.868 $2,281,208 1.00 1.225 $4,356,684

2029 9 0.885 $2,327,973 1.00 1.250 $4,445,996

2030 10 0.904 $2,375,696 1.00 1.276 $4,537,139

2031 11 0.922 $2,424,398 1.00 1.302 $4,630,150

2032 12 0.941 $2,474,098 1.00 1.329 $4,725,068

2033 13 0.960 $2,524,817 1.00 1.356 $4,821,932

2034 14 0.980 $2,576,576 1.00 1.384 $4,920,782

2035 15 1.000 $2,629,396 1.00 1.412 $5,021,658 <----------- Based on 2035 Traffic Volume Projections

2036 16 1.021 $2,683,299 1.00 1.441 $5,124,602

2037 17 1.041 $2,738,306 1.00 1.470 $5,229,656

2038 18 1.063 $2,794,442 1.00 1.501 $5,336,864

2039 19 1.085 $2,851,728 1.00 1.531 $5,446,270

2040 20 1.107 $2,910,188 1.00 1.563 $5,557,918

2041 21 1.129 $2,969,847 1.00 1.595 $5,671,856

2042 22 1.153 $3,030,729 1.00 1.627 $5,788,129

2043 23 1.176 $3,092,859 1.00 1.661 $5,906,785

2044 24 1.200 $3,156,262 1.00 1.695 $6,027,875

2045 25 1.225 $3,220,966 1.00 1.730 $6,151,446

2046 26 1.250 $3,286,995 1.00 1.765 $6,277,551

2047 27 1.276 $3,354,379 1.00 1.801 $6,406,240

2048 28 1.302 $3,423,144 1.00 1.838 $6,537,568

2049 29 1.329 $3,493,318 1.00 1.876 $6,671,588

2050 30 1.356 $3,564,931 1.00 1.914 $6,808,356

2051 31 1.384 $3,638,012 1.00 1.954 $6,947,927

2052 32 1.412 $3,712,591 1.00 1.994 $7,090,360

2053 33 1.441 $3,788,700 1.00 2.034 $7,235,712

2054 34 1.470 $3,866,368 1.00 2.076 $7,384,044

2055 35 1.501 $3,945,628 1.00 2.119 $7,535,417

2056 36 1.531 $4,026,514 1.00 2.162 $7,689,893

2057 37 1.563 $4,109,057 1.00 2.207 $7,847,536

$95,507,808 $182,402,171

Calendar Year Project Year
Value of Time Saved 

($2018)

Summer Weekend 

Value of Time Saved 

($2018)

Increase in Vehicle  

Delay (Compared 

to 2035)

Average Annual 

Traffic (Compared 

to 2018)

Increase in Vehicle  

Delay (Compared 

to 2018)
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DETERMINE VALUE OF BENEFIT OF LESS TRAVEL TIME THROUGH CORRIDOR

TRAVEL TIME SAVINGS = 286.21 VEHICLE HOURS DURING AM PEAK PER BUSINESS DAY

TRAVEL TIME SAVINGS = 113.03 VEHICLE HOURS DURING PM PEAK PER BUSINESS DAY

TOTAL TRAVEL TIME SAVINGS = 399.24 VEHICLE HOURS PER BUSINESS DAY

(ASSUMES NO TRAVEL TIME SAVINGS DURING NON-PEAK HOURS AND WEEKENDS)

5 BUSINESS DAYS PER WEEK

50 WORK WEEKS A YEAR

250 BUSINESS DAYS PER YEAR

TOTAL TRAVEL TIMES SAVINGS = 99,809.23           VEHICLE HOURS PER YEAR

VEHICLE HOURS PER BUSINESS DAY x BUSINESS DAYS PER YEAR

Sources:

(1) Table A-3 - Value of Travel Time Savings - USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs

Category ($2018) (2) Table A-3 - Value of Travel Time Savings - USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, Note 4

Private Vehicle (3) Table A-4 - Average Vehicle Occupancy - USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs

Personal $15.20

Business $27.10

Commercial Vehicle

Truck Driver $29.50

Business 11.80%

Personal 88.20%

Passenger Vehicle 1.48

Trucks 1.00

Assuming 6% Trucks (Per Table 3.1 of Environmental Assessment

94% Passenger Vehicles

11.80% Business Passenger Vehicles

88.20% Personal Passenger Vehicles

Weighted Cost of Truck = % Trucks x Truck Driver Rate x Vehicle Occupancy

= $1.77

Weighted Cost of Business Passenger Vehicle = % Business Passenger Vehicle x Business Passenger Vehicle Rate x Vehicle Occupancy

= $4.73

Weighted Cost of Personal Passenger Vehicle = % Personal Passenger Vehicle x Personal Passenger Vehicle Rate x Vehicle Occupancy

= $19.84

Total Weighted Averages per Vehicle = Weighted Cost of Truck + Weighted Cost of Business Passenger Vehicle + Weighted Cost of Personal Passenger Vehicle

= $26.34

TOTAL SAVINGS OF TRAVEL TIME COSTS PER YEAR = $2,629,396.00 IN ANALYSIS YEAR 2035 IN 2018 DOLLARS

SAVINGS OF BUSINESS TRAVEL TIME COSTS PER YEAR = $649,033.89 IN ANALYSIS YEAR 2035 IN 2018 DOLLARS

Estimated Percentage of Personal and 

Business Travel 2

Average Vehicle Occupancy 3

Recommended Hourly Values of Travel Time 

Savings (Per Person-Hour) 1
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DETERMINE REDUCTION IN TRAVEL TIME THROUGH CORRIDOR DURING THE AM PEAK HOUR

Description

Volume 

(vph)

Travel 

Time 

(min)

Volume 

(vph)

Travel 

Time 

(min)

Delay Per 

Segment 

(Veh-Hrs)

Exit 13 SB On-Ramp 2920 0.07 3412 0.08 4.27

Mainline between Exit 13 and Exit 12 2920 0.45 3412 0.46 25.90

Exit 12 SB Off-Ramp to Rte 3A SB 2769 0.17 3252 0.17 9.09

Mainline between Exit 12 Off/On-Ramps 2363 0.28 2797 0.28 13.06

Mainline between Exit 12 On-Ramp and I-93 Off-Ramp to I-89 NB 2659 0.24 3095 0.24 12.42

Mainline between I-93 Off/On-Ramps from I-89 2020 0.34 2217 0.33 12.32

Mainline between I-93 Off/On-Ramps from I-89 2020 0.42 2217 0.42 15.40

I-93 On-Ramp from I-89 SB 3077 0.86 3464 0.86 49.51

Mainline South of I-89 SB On-Ramp 3077 3.14 3464 3.13 180.62

Mainline between Exit 12 and Exit 13 3492 0.70 3776 1.54 96.91

Exit 12 NB On-Ramp 3492 0.10 3776 0.30 19.11

Mainline between Exit 12 Off/On-Ramps 3051 0.19 3270 0.66 35.77

Mainline between Exit 12 Off/On-Ramps 3051 0.11 3270 0.38 20.71

Exit 12 NB Off-Ramp to Rte 3A NB 3302 0.25 3560 0.76 45.07

Exit 12 NB Off-Ramp to Rte 3A SB 3447 0.27 3720 0.75 46.47

I-89 SB On-Ramp to I-93 NB 3447 0.06 3720 0.19 11.99

Mainline between Off/On Ramps to I-89 2290 0.73 2537 2.50 105.77

Mainline between Off/On Ramps to I-89 2290 0.09 2537 0.22 9.49

Mainline South of I-89 NB Off-Ramp 3039 3.92 3361 4.20 235.44

Total Delay of Vehicles During AM Peak Hour Through Corridor in Both Directions (2035 No-Build) (Vehicle Hours) = 949.32

Volume 

(vph)

Travel 

Time 

(min)

Delay Per 

Segment 

(Veh-Hrs)

Exit 13 SB On-Ramp 3445 0.04 2.45

Mainline Between Exit 13 and Exit 12 3445 0.39 22.35

Exit 12 SB Off-Ramp 3445 0.36 20.54

Mainline between Exit 12 SB Off/On-Ramps 2829 0.14 6.51

Exit 12 SB On-Ramp to I-93 SB Off-Ramp to I-89 NB Weave 3174 0.35 18.64

Mainline between I-93 Off/On-Ramps from I-89 2234 0.34 12.68

Mainline between I-93 Off/On-Ramps from I-89 2234 0.42 15.77

I-93 On-Ramp from I-89 SB 3487 0.87 50.63

Mainline South of I-89 SB On-Ramp 3487 3.16 183.79

Mainline Between Exit 13 and Exit 12 3892 0.25 16.19

Exit 12 NB On-Ramp 3892 0.16 10.15

Mainline between Exit 12 Off/On-Ramps 3391 0.14 8.06

Exit 12 NB Off-Ramp 3936 0.23 15.12

I-93 NB On-Ramp from I-89 SB 3936 0.33 21.37

Mainline between Off/On Ramps to I-89 2540 0.75 31.56

Mainline South of I-89 NB Off-Ramp 3364 4.05 227.31

Total Delay of Vehicles During AM Peak Hour Through Corridor in Both Directions (2035 Build) (Vehicle Hours) = 663.12

Total Savings (Vehicle Hours) = 286.21
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DETERMINE REDUCTION IN TRAVEL TIME THROUGH CORRIDOR DURING THE PM PEAK HOUR

Description

Volume 

(vph)

Travel Time 

(min)

Volume 

(vph)

Travel Time 

(min)

Delay Per 

Segment 

(Veh-Hrs)

Exit 13 SB On-Ramp 3664 0.11 4027 0.13 8.98

Mainline between Exit 13 and Exit 12 3664 0.52 4027 0.56 37.50

Exit 12 SB Off-Ramp to Rte 3A SB 3483 0.17 3840 0.17 11.17

Mainline between Exit 12 Off/On-Ramps 3180 0.29 3522 0.29 17.29

Mainline between Exit 12 On-Ramp and I-93 Off-Ramp to I-89 NB 3637 0.25 4014 0.26 17.14

Mainline between I-93 Off/On-Ramps from I-89 2362 0.34 2612 0.34 14.65

Mainline between I-93 Off/On-Ramps from I-89 2362 0.42 2612 0.42 18.34

I-93 On-Ramp from I-89 SB 3379 0.86 3770 0.87 54.55

Mainline South of I-89 SB On-Ramp 3379 3.15 3770 3.18 199.57

Mainline between Exit 12 and Exit 13 3891 0.50 4380 0.68 49.70

Exit 12 NB On-Ramp 3891 0.09 4380 0.17 12.74

Mainline between Exit 12 Off/On-Ramps 3151 0.16 3612 0.37 22.30

Mainline between Exit 12 Off/On-Ramps 3151 0.10 3612 0.21 12.78

Exit 12 NB Off-Ramp to Rte 3A NB 3336 0.24 3831 0.43 27.44

Exit 12 NB Off-Ramp to Rte 3A SB 3458 0.26 3958 0.46 30.46

I-89 SB On-Ramp to I-93 NB 3458 0.05 3958 0.13 8.46

Mainline between Off/On Ramps to I-89 2559 0.73 2852 1.23 58.34

Mainline between Off/On Ramps to I-89 2559 0.09 2852 0.10 4.56

Mainline South of I-89 NB Off-Ramp 3502 3.96 3933 4.07 266.95

Total Travel Time of Vehicles During AM Peak Hour Through Corridor in Both Directions (2035 No-Build) (Vehicle Hours) = 872.93

Volume 

(vph)

Travel Time 

(min)

Delay Per 

Segment 

(Veh-Hrs)

Exit 13 SB On-Ramp 4077 0.05 3.06

Mainline Between Exit 13 and Exit 12 4077 0.42 28.39

Exit 12 SB Off-Ramp 4077 0.37 24.82

Mainline between Exit 12 SB Off/On-Ramps 3569 0.14 8.54

Exit 12 SB On-Ramp to I-93 SB Off-Ramp to I-89 NB Weave 4091 0.37 25.30

Mainline between I-93 Off/On-Ramps from I-89 2618 0.34 15.00

Mainline between I-93 Off/On-Ramps from I-89 2618 0.43 18.66

I-93 On-Ramp from I-89 SB 3775 0.88 55.55

Mainline South of I-89 SB On-Ramp 3775 3.20 201.04

Mainline Between Exit 13 and Exit 12 4399 0.25 18.13

Exit 12 NB On-Ramp 4399 0.16 11.41

Mainline between Exit 12 Off/On-Ramps 3635 0.14 8.53

Exit 12 NB Off-Ramp 4004 0.23 15.13

I-93 NB On-Ramp from I-89 SB 4004 0.32 21.17

Mainline between Off/On Ramps to I-89 2853 0.73 34.93

Mainline South of I-89 NB Off-Ramp 3935 4.12 270.25

Total Travel Time of Vehicles During AM Peak Hour Through Corridor in Both Directions (2035 Build) (Vehicle Hours) = 759.90

Total Savings (Vehicle Hours) = 113.03
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DETERMINE VALUE OF BENEFIT OF LESS DELAY ON I-93 DURING SUMMER WEEKENDS

INFORMATION PROVIDED BY NHDOT

USER DELAY COST - I-93 NB - FRIDAY = $1,804,147.00 PER YEAR

USER DELAY COST - I-93 NB - SATURDAY = $595,431.00 PER YEAR

USER DELAY COST - I-93 NB - SUNDAY = $686.00 PER YEAR

USER DELAY COST - I-93 SB - FRIDAY = $34,277.00 PER YEAR

USER DELAY COST - I-93 SB - SATURDAY = $10,370.00 PER YEAR

USER DELAY COST - I-93 SB - SUNDAY = $1,012,953.00 PER YEAR

TOTAL = $3,457,864.00 PER YEAR (2018)

THE ABOVE DELAY VALUES ARE BASED ON AN AVERAGE OF 21.45$          PER HOUR OF DELAY

Assuming 2% Trucks (Per Table 3.1 of Environmental Assessment

98% Passenger Vehicles

2.00% Business Passenger Vehicles

98.00% Personal Passenger Vehicles

Weighted Cost of Truck = % Trucks x Truck Driver Rate x Vehicle Occupancy

= $0.59

Weighted Cost of Business Passenger Vehicle = % Business Passenger Vehicle x Business Passenger Vehicle Rate x Vehicle Occupancy

= $0.79

Weighted Cost of Personal Passenger Vehicle = % Personal Passenger Vehicle x Personal Passenger Vehicle Rate x Vehicle Occupancy

= $21.61

Total Weighted Averages per Vehicle = Weighted Cost of Truck + Weighted Cost of Business Passenger Vehicle + Weighted Cost of Personal Passenger Vehicle

= $22.98

BASED ON PREVIOUS CALCULATIONS, THE AVERAGE RATE IS $22.98 PER HOUR OF DELAY

ADJUSTED TOTAL = $3,704,714.41

THIS ABOVE VALUE IS FOR THE SEASONAL DELAY FROM MEMORIAL DAY TO COLUMBUS DAY

(20 WEEKENDS)

ADDITIONAL WEEKEND DELAY OCCURS DURING SKI SEASON AND OTHER HOLIDAYS OUTSIDE OF

DATA RANGE ABOVE

(4 WEEKENDS)

ADJUSTMENT TOTAL 1.2

TOTAL SAVINGS OF TRAVEL TIME COSTS PER YEAR = $4,445,657.30 IN ANALYSIS YEAR 2035 IN 2018 DOLLARS
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