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Abstract 

 Route 122 Airport Rotary, an intersection in Worcester, Massachusetts has experienced 

congestion, and with higher traffic volumes in the future, this congestion will only worsen. To 

address the current and foreseeable issues, a redesign of this rotary was provided to 

Massachusetts Department of Transportation (MassDOT). A roundabout intersection was chosen 

as the recommended design after evaluating collected data and using the Intersection Control 

Evaluation (ICE) procedure established by MassDOT. Cost estimates and manual turning 

movement counts were conducted. Using Synchro and Sidra software, a level-of-service analysis 

was performed for each potential intersection that was screened. A roundabout design offers the 

greatest benefit-cost when compared to other alternatives assessed. 
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Executive Summary 

 State highway Route 122, named Pleasant Street for the section of Route 122 from the 

Paxton town line and Tatnuck Square in Worcester, Massachusetts, is a primary artery for traffic 

coming into the city from the north and south. This project focused on a corridor of Pleasant 

Street, from Tatnuck Square to the Paxton town line, as one needing improvement due to its high 

travel speed, unsafe conditions for pedestrians, and the Airport Rotary. The Airport Rotary, an 

intersection along Pleasant Street connecting to the Worcester Airport, has been previously 

investigated by Massachusetts Department of Transportation (MassDOT), and subsequent 

contracted engineering companies for redesign. The goal for this Major Qualifying Project 

(MQP) was to complete an intersection control evaluation (ICE) on the existing intersection and 

analyze proposed alternative control strategies that would best meet the needs of this 

intersection. To successfully meet the project goal, the following objectives were met:   

1. Understand Best Practices Regarding Intersection Design 

2. Analyze the Existing Conditions at the Intersection  

3. Formulate Multiple Control Strategy Options using ICE 

4. Select a Final Control Strategy as the Optimal Redesign Solution 

 The team was able to conduct an ICE on the intersection. Out of the three stages that the 

intersection evaluation contains, stages one and two were conducted in this report which 

included conceptual designs for the suggested alternatives, will allow MassDOT to advance the 

selected alternative to the 25% design stage. Originally the team considered 12 potential control 

strategies, but through a comparative analysis the team ultimately chose a singular option as the 

best fit. The procedure began with Stage 1 where an initial screening of the process was 

conducted. Roundabout and signalized control were the two primary control strategies identified 
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at the end of Stage 1. Two signalized control alternatives and one roundabout alternative were 

developed from the ICE Stage 1 results. Stage 2 consisted of collecting different forms of data 

and then analyzing this data through the ICE tool to find the best alternative option, defined here 

as the alternative that has the highest benefit-cost ratio based on an analysis of traffic operations, 

safety, and estimated planning, design, construction, and maintenance costs. The final design 

recommendation was to implement the Alternative 3 single-lane roundabout at the intersection. 

Figure 1 below presents the configuration of Alternative 3. The team noted the possibility of the 

preferred alternative changing if more detailed analysis is conducted, since the current alternative 

was finalized using preliminary cost data.  

 

 

Figure 1: Finalized Alternative 3 single-lane roundabout design 
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Capstone Design Statement  

 This project involved analyzing the existing corridor of Route 122/Pleasant Street and 

examining its intersection with Bailey Street and Airport Drive. Worcester Polytechnic Institute 

Engineering Programs require that said projects fulfill all of the Accreditation Board for 

Engineering and Technology (ABET) capstone design elements. For this project, the elements 

recommended by ABET were taken into account in order to fulfill the Capstone Design 

requirement. These aspects that were addressed in this project include the following: 

Constructability: The team looked at previous and possible designs for the Route 122 - Airport 

Drive intersections and corridor redesigns and aimed to select the best one with consideration to 

constructability such as cost, maintenance, time to complete, and compatibility with existing 

utilities.  

Economic: For this project, preliminary construction cost analysis was conducted in order to 

gauge the economic feasibility of the redesign. Cost effectiveness assisted in the decision-

making process for which redesigns make the most efficient improvements for the evaluated 

cost. The relative cost of production compared to the benefits added was fundamental in 

selecting a final design as overly expensive projects with little added benefit were not deemed as 

suitable as a less expensive one with similar benefits.  

Environmental: Any changes or improvements that were made through the intersection and 

corridor were considered with preserving and maintaining the local environment. Special 

consideration was given to the local forest and water streams that run throughout and around 

Route 122.  
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Ethical: The design project and design project team worked to not diminish the reputation of 

WPI and the Massachusetts Department of Transportation and all decision-making and project 

elements were made in compliance with three ASCE Code of Ethics. 

Health and Safety: The overall improvements made to Route 122 and the Airport Drive 

intersection were made to value the safety of people who use the corridor. An easier to 

understand intersection and improvements made to the usability of the route for non-motorists 

were prioritized to reduce crash rates and severity on the route. 

Political: The team collaborated with MassDOT and, through them, local residents, commuters, 

and the City of Worcester to present design improvements that worked to better the state 

highway and the city as a whole. The needs of each of these stakeholders was highly considered 

when identifying a final redesign. 

Social: This project has a primary concern to improve the safety and usability of Route 122 for 

regional commuters, local residents, and any others who would travel along this stretch of the 

state highway. Their concerns, through previously held public meetings attended by MassDOT, 

was factored into the final design decision and the suggested improvements prioritized benefiting 

the residents.  

Sustainability: The team worked to identify a redesign that prioritizes present and future needs 

with consideration to expected growth in the area that affects the intersection and corridor. Long-

lasting sustainability in the area is a goal that was prioritized through redesigns that consider the 

area's future. 
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Professional Licensure Statement 

Professional engineers are accredited individuals who have obtained marks of 

competency and are held responsible for their work and the lives impacted by what they produce. 

In the United States, these engineers must obtain licenses unique to each state and district that 

allow them to prepare, sign and seal, and submit engineering plans and function as a professional 

engineer (PE).  

To become a professional engineer, individuals must ensure that they have completed a 

four-year degree in engineering from an accredited program, pass the Fundamentals of 

Engineering (FE) exam, complete four years of progressive engineering experience under a PE, 

and then successfully pass the Principles and Practice of Engineering (PE) exam (National 

Society of Professional Engineers 2022).  

After successfully passing the PE exam and becoming a licensed professional engineer, 

said individual is able to expand the opportunities available for their career and they become 

much more responsible for the health, safety, and ethical integrity of their work and the work 

they stamp and approve. Obtaining this license is a lengthy process that ensures that those who 

receive it and become accredited have the necessary experience and standards to ensure a higher 

quality of work. This license also ensures that professional engineers have the necessary legal 

requirements to operate their work or practice and are held accountable for what they produce for 

the public. 
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1.0 Introduction 

 As the second largest city in the New England region, Worcester has a large number of 

commuters coming into the city due to its size and location. Its roadways, throughout the city, 

should allow for a balance of use and accessibility for all users, whether they are motorists, 

pedestrians, or cyclists. A major throughput for Worcester is Route 122, the study area for this 

project, also known as Pleasant Street. The part of this state highway that is subject to possible 

improvements and redesigns is the intersection of Route 122 and Airport Drive near the Paxton 

town line that connects the suburban town to the Worcester Regional Airport and the more urban 

environments of the city.  

 This intersection and the corridor on which it is located has been identified by local 

residents, motorists, commuters, and the Massachusetts Department of Transportation 

(MassDOT) as a location needing improvement due to being relatively unsafe for pedestrians 

and cyclists as well as having a confusing intersection off of a state highway that could be made 

more efficient and safe. Currently, the corridor provides little safety to pedestrians despite having 

a sizable housing community along the highway and nearby side streets. The road is designed for 

much higher speeds than the posted speed limit of 30 mph would indicate. The intersection that 

leads to the airport and the Webster Square area is a popular cut-through, yet the intersection 

gives full right-of-way to Pleasant Street while using a semi-roundabout design for the rest of the 

intersection that has much room for improvement in safety, traffic capacity, and ease of use and 

understanding.  

 MassDOT has already commenced with a redesign project concerning this intersection 

and corridor and, throughout this MQP project, a final design recommendation was presented for 

the Worcester Airport Rotary Intersection.  
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2.0 Background 

A major corridor going through Worcester is the state highway, Route 122, starting in 

Blackstone, MA until it ends in Orange, MA. In Worcester specifically, the route cuts through 

the city from Grafton in the south to Paxton in the north (Figure 2).  

 

Figure 2: Map detailing the bounds of Route 122 throughout Massachusetts (Google Maps, 

2022) 

The location examined for the project is the state-owned section from Tatnuck Square to 

the Paxton Town line. The intersection located between Bailey Street, Airport Drive, and 

Pleasant Street (Route 122) has been identified as a problematic area that needs some level of 

redesign. Specifically, there are a number of issues known to the city government, locals, and the 

state transportation department including high traffic speeds based on the design of the road, a 

lack of pedestrian safety with few total crosswalks along the route and no sidewalks on the 

northbound side of the road, and an intersection that does not have the design capabilities to 

support a safe and constant flow of traffic.  
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Figure 3: Map detailing the stretch of Route 122 in Worcester that this project is examining 

(Google Maps, 2022) 

The intersection itself is the focus of a redesign project initiated by MassDOT in 2019, 

first focusing on pedestrian safety on the state highway before transitioning to examining the 

rotary. Throughout a standard weekday, the intersection can reach an Average Daily Traffic 

(ADT) of 14,864 and 15,770 vehicles at its busiest locations (points C and F in Figure 4), with 

peak hours being from 7:15 - 8:15 AM in the morning, 1:45 - 2:45 PM in the midday, and 4:45 - 

5:45 PM in the evening (Worcester (TMCs & ATRs) Memo). Site visits to the area reveal what 

has been mentioned from locals and transportation officials where the area around the 

intersection is generally unsafe with only two painted crosswalks along Pleasant Street; the only 

way to cross Pleasant Street is near Mower Street or down by Baxter Street. High speeds through 

the rotary and a lack of adequate safety for pedestrians is of primary concern. Turning movement 

counts conducted by MassDOT indicate high levels of usage through the intersection. A redesign 

of this rotary into a safer alternative for pedestrians and one that is easier to drive through and 

understand for motorists is a primary goal.  
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Figure 4: Locations along Pleasant Street in Worcester where turning movement counts 

were conducted (Worcester (TMCs & ATRs) Memo) 

MassDOT has already identified this intersection as in need of a redesign. In order to 

produce a coherent design, MassDOT has a consistent and objective procedure based on certain 

performance criteria to compare several intersection control strategies, called Intersection 

Control Evaluation (ICE). With this evaluation procedure in mind, both current and future 

alternatives can be critically examined to see if they are the best fit for this intersection. As this 

project is located on a State Highway, an ICE is required for the final product, but it can still be 

applied to any number of possible submittals. An ICE consists of 3 primary stages involving a 

screening, initial assessment, and a detailed assessment stage. Any fatally flawed alternative is 

identified in Stage 1 and removed. In order to move forward with a redesign past Stage 1, a 

Project Initiation Form is submitted to MassDOT that requires the department’s approval. This 

form consists of the project’s location, purpose and description, costs and responsibilities, and 

general information. If no single control strategy emerges from Stage 1, a Stage 2 assessment 

would be submitted afterwards with the pre-25% design package. If no single control strategy 
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emerges from Stage 2, a Stage 3 assessment would be completed prior to the 25% design 

submission. The amount of data and analysis done in each stage allows the design to be as 

comprehensive as possible, incorporating crash predictions, planning level opinions of probable 

design, right-of-way, construction costs, traffic operation analyses, and geometric designs, all of 

which are done throughout the process, especially in Stages 2 and 3, to evaluate the intersection 

as thoroughly as possible.  

 

 

Figure 5: Flow chart depicting the ICE procedure through all 3 stages 
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3.0 - Methodology 

The goal of this MQP was to create a new design of the intersection of Route 122, 

Airport Drive, and Bailey Street that is safer and better utilized by the community. To satisfy the 

project goal, certain objectives were developed, and the methods required by these objectives are 

detailed in this section. The aforementioned objectives are: 

1. Understand Best Practices Regarding Intersection Design 

2. Analyze the Existing Conditions at the Intersection  

3. Formulate Multiple Control Strategy Options using ICE 

4. Select a Final Control Strategy as the Optimal Redesign Solution 

 

3.1 - Understand Best Practices Regarding Intersection Design 

The team gained an understanding of best practices regarding intersection design. The 

potential different designs of intersections were studied, including the general benefits associated 

with roundabouts and signalized intersections. Studying the general benefits helped the team 

better understand complex intersections that make use of roundabouts and signals. In order to 

design these complex intersections, the team familiarized themselves with the Intersection 

Control Evaluation (ICE) method employed by MassDOT. ICE is a three-stage approach to 

develop traffic control alternatives for intersections (MassDOT 2021).  

3.2 - Analyze the Existing Conditions at the Intersection  

Once the team familiarized itself with the best practices regarding intersection design, the 

existing conditions at the intersection were analyzed. Peak Hour Volumes from previous studies 

conducted at the intersection on May 13, 2021, and November 4, 2021 were provided by 

MassDOT and analyzed by the group. These Peak Hour Volumes were used to verify the 
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accuracy of the values through comparison to the actual study Peak Hour Volumes collected by 

the group. 

3.2.1 - Collection and Analysis of Turning Movement Counts  

The team conducted traffic counts as a collective group during the first week of 

November 2022, on the days of 11/1 and 11/2. After working with MassDOT to secure an access 

permit for the installation of the traffic camera, the group attached the Owl Camera at the Airport 

Rotary as shown in Figure 6.  

 
Figure 6: Owl Camera facing Airport Rotary on Route 122 

After the two day span the team took down the traffic camera and obtained the video file. 

The team proceeded to complete a standard turning movement study with a TDC Ultra traffic 

data collection tool. The team decided on how each of the turning movements of the intersection 

would be recorded on the tool. The team then proceeded to take turning movement counts from 

6-10 AM for 11/1 and 11/2. In addition to this, the team also recorded counts for 2-6 PM for 11/1 

and 11/2. Once the turning movement counts were recorded with the TDC Ultra traffic data 
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collection tool, the data was then uploaded to PetraPro software where the data was displayed in 

an easy-to-read tabular format with 15-minute intervals.  

After the video data was collected, the TMCs from the intersection were analyzed. Since 

the turning counts for the AM and PM periods of two days were acquired, the counts were 

averaged to produce one AM and PM period. The averaged counts were deemed to be a better 

representation of the actual volumes passing through the intersection. The averaged AM and PM 

counts were then used to find the AM/PM peak hour. These peak hours were defined as the four 

consecutive 15-minute intervals where the entering volumes were the highest. Once the AM/PM 

peak hours were found, the total AM/PM peak hour volumes along with the AM/PM peak hour 

volumes for each approach and movement were calculation.  

The peak hour volumes were used to find the Existing and Design Average Daily Traffic 

(AADT). Before the Study AADT was identified, the Average Daily Traffic (ADT) was found 

for each approach. The approach ADT was calculated by dividing the AM peak hourly volume 

for each approach by the k-factor. The k-factor is the standard used by MassDOT, and a default 

k-factor value of 0.09 can be assumed for insufficient ATR data (Intersection and Roadway 

Crash Rate Data for Analysis , n.d.). The k-factor value of 0.09 essentially means that a typical 

peak hour represents 9% of ADT. The 9% of ADT is between the typical range for urban 

facilities of 7% to 12% (FHWA, 2018). Each approach ADT was then summed to find the 

Intersection ADT (V). Each of the approach ADTs were then multiplied by the Monthly 

Expansion Factor (MEF) given in the 2019 MassDOT weekday seasonal and axle correction 

factors document to find the Study AADT. The Monthly Expansion Factor (MEF) changes 

depending on the month and the factor group of the type of road. The factor group of each road 

was determined using MassDOT’s Road Inventory GIS. 
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The study AADT derived from the standard turning movement study was adjusted for the 

year 2042 (Design AADT) using the growth factors for the respective streets acquired from the 

Central Massachusetts Regional Planning Commission (CMRPC). The current and design 

AADT were utilized to carry out a crash analysis.  

3.2.2 - Synchro Analysis of Existing Rotary 

After the peak hour data was collected, the group determined the measures of 

effectiveness of the Airport Rotary. MassDOT provided the MQP group with Synchro software, 

a traffic signal timing software that transportation planners use to model and optimize signalized 

and unsignalized intersections (including roundabouts). Software analysis incorporated specifics 

about the number of lanes, percent of heavy vehicles, controls, and approach grades.  

The team first represented the existing intersection in Synchro by modeling the 

intersection with links and nodes. The team then entered the corresponding averaged peak hour 

volumes for the left, thru, and right turning movements for each approach of the intersection. The 

team repeated this process for both AM and PM peak hour volumes. The program displayed data 

on the level of service (LOS), volume to capacity ratio, and intersection delay times for each 

time period. This process was repeated for 2042 expected traffic volumes by adjusting the 

volumes with growth rate factors obtained from CMRPC for Airport Drive and Pleasant Street.  

3.2.3 - Collection and Analysis of Crash Data 

Existing crash data at the Airport Rotary was collected by using the MassDOT Online 

Crash Data Portal. The number and types of crashes between 2017 - 2021 was collected, since 

five years of crash data is the standard used by MassDOT for analysis. The crashes were 

tabulated and organized by the crash types and crash severities.  

3.2.3a - Crash Rate and Crash Diagram 
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 The MassDOT Intersection Crash Rate Worksheet was used to calculate the crash rate. 

The sheet requires inputs for the approach/total peak hour volumes, the “k” factor, the average 

number of crashes per year (A), and the intersection ADT (V). The approach/total peak hour 

volumes and the “k” factor are not needed for the calculation of the crash rate if the intersection 

ADT (V) variable is already known. The intersection ADT (V) variable was derived from the 

standard turning movement count study using the approach stated in Section 3.2.1, while the 

average number of crashes per year (A) variable was acquired from the collected crash data. The 

crash rate equation (Figure 7) was then used to find the crash rate. The calculated intersection 

crash rate was then compared to see if the value exceeds the average crash rate for the District 

and the State for unsignalized intersections. A crash diagram was also made in order to visualize 

the safety conditions of the intersection.

 

Figure 7: Crash Rate Equation 

3.2.3b - Safety Analysis using MassDOT’s Safety Alternatives Analysis Guide Spreadsheet 

Tool for No Build Conditions 

The various values for the estimated crashes during the design year for no-build 

conditions ( 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑) were found using the general guidance provided by the 

MassDOT Safety Alternatives Analysis Guide. This guide lays out three different methods 

depending on the conditions of the intersection being analyzed.  
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Figure 8: Flowchart for safety analysis method  (MassDOT, 2021) 

The unique configuration of the Airport Rotary intersection meant that a Massachusetts-

calibrated SPF was not available although observed crash data was reliable. This meant that 

Method 3 of the MassDOT Safety Alternatives Analysis Guide would need to be used.  

 

Figure 9: Flowchart for safety analysis method 3 (MassDOT, 2021) 
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Step 1 of Method 3 would start by organizing the types of crashes collected from the MassDOT 

Online Crash Data Portal by the crash type followed by severity. The possible crash types 

included single-vehicle crashes (SV), multi-vehicle crashes (MV), pedestrian crashes (Ped), and 

bike crashes (Bike). The severity for each crash type was classified as property damage only 

(PDO), fatal and injury (FI), or all severity (ALL). The equation present in Figure 10 associated 

with Method 3 was used with the Study and Design AADT variables calculated in Section 3.2.1 

along with the number of crashes for each crash type and severity. These values can be utilized 

to find the 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑 values for SV, FI crashes, MV, FI crashes, SV, ALL crashes, 

and MV, ALL crashes. 

 

Figure 10: Equation and example calculation of estimated number of multi-vehicle FI crashes for 

the design year under no-build conditions using Method 3 (MassDOT, 2021) 

3.3 - Formulate Multiple Control Strategy Options using ICE 

After the team analyzed the existing conditions at the intersection the ICE procedure was 

started. ICE was started with Stage 1 and a few alternatives were selected for further analysis. In 

order to further analyze these alternatives data was collected. Once the data was collected it was 

analyzed in the ICE tool and the team was able to select a final control strategy in Stage 2. 
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3.3.1 - ICE Stage 1 

The team started ICE procedure at Stage 1 with the preselected list of 12 control 

strategies shown in Figure 11 below to find 2 or 3 viable control strategies.

 

Figure 11: Twelve control strategies evaluated in ICE tool (MassDOT, 2021) 

The viability of each of the control strategies was measured through yes/no answers to a 

series of six questions located on the ICE form. These questions were answered by deriving 

information from the FHWA manual for each control strategy and comparing with the needs, 

purposes, and limits of the project. If all six questions were justified with a “yes”, then the 

control strategy was moved to Stage 2 for further analysis.  

 

Figure 12: The six questions used in ICE Stage 1 to narrow control strategies (MassDOT, 2021) 
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3.3.2 - ICE Stage 2 

After Stage 1 was completed, the lack of a singular control strategy prompted the use of 

Stage 2. Stage 2 includes a basic analysis of each viable control strategy from Stage 1. Stage 2 

required three inputs: empirical traffic analysis, safety analysis, and design and construction cost 

estimates.  

3.3.2a - Empirical Analysis  

The first step of the empirical analysis was to develop one or two alternatives for each 

viable control strategy that emerged from ICE Stage 1. The associated functional sketches 

included the number of lanes and right of way needs along with the AM/PM peak hour volumes 

collected in Section 3.2.1 for each approach of the intersection. These functional sketches were 

used to draw the alternatives in Synchro. Once the alternatives were drawn in Synchro, the LOS, 

volume to capacity ratio, and intersection delay times were found for each time period using the 

software. The intersection delay times were used as the major inputs for the empirical analysis in 

ICE Stage 2. 

In order to create a roundabout alternative, the team used Sidra, an intersection evaluation 

program that, in comparison to Synchro, is able to more accurately model roundabouts. This 

program produces comprehensive tables detailing an intersection’s level of service, average 

delay, demand flow, and volume/capacity ratio. Using this software package, a comprehensive 

analysis of how efficient a roundabout intersection could be using the traffic data collected in 

Section 3.2.1 was constructed. The program is less geographically based compared to Synchro, 

but due to the consistency of roundabout designs, the data that was collected from this program 
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is accurate and applicable to deciding which alternative would be used. The delay data provided 

by the program were used as the major empirical inputs in the ICE Tool.  

3.3.2b - Safety Analysis using MassDOT’s Safety Alternatives Analysis Guide Spreadsheet 

Tool for Alternatives 

For the safety analysis needed for ICE Stage 2, the team started with 

the𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑 values for SV, FI crashes, MV, FI crashes, SV, ALL crashes, and 

MV, ALL crashes calculated with the method in Section 3.2.2. Crash modification factors 

(CMFs) for the alternatives analyzed in ICE Stage 2 were acquired from the MassDOT State-

Preferred CMF List, available in the Massachusetts Safety Analysis Tools. This list has various 

CMFs associated with SV and MV crashes for the ALL and FI severity levels. The respective 

CMFs can be multiplied by the respective 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑 values to find the respective 

values for the estimated crashes during the design year for the alternative 

(𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒). The 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 values for the SV, ALL crashes 

and the MV, ALL crashes were summed together to find the total amount of ALL crashes for the 

design year (Total, ALL). The 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 values for the SV, FI crashes and the 

MV, FI crashes were then summed together to find the total amount of FI crashes for the design 

year (Total, FI). The Total, FI and Total, ALL values were used as the major safety inputs in the 

ICE Tool. 

3.3.2c - Cost Analysis  

A cost analysis was performed for the three alternatives; the analysis included the design, 

construction, and right-of-way costs for each control strategy. The team determined probable 
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construction costs for each item based on the unit costs presented in the MassDOT online 

weighted bid price application. The most recent costs were downloaded for the time period from 

November 2021 to November 2022. For the traffic signal items that were not in the weighted bid 

price application the team referenced a contract bid estimate in 2022, for a traffic signal repair 

project provided by MassDOT.  

After setting up a calculation book in Excel, a rough estimated total cost for each control 

strategy was determined. The total cost was determined by multiplying the unit cost of each item 

by its respective quantity and then summing each cost per item. The quantities for each item 

were measured with a tool in Google Earth, with each measured quantity varying for each 

alternative. Some of the measurements were linear foot, square yards, and cubic yards. A 10% 

contingency and a 5% for traffic police was assumed for this project. The ROW costs for each 

alternative design were determined to be zero as there will be no expected changes to the existing 

bounds. The engineering costs were determined to be 10% of the construction cost. The design, 

construction, and engineering cost were entered into the ICE tool for the three alternatives.  

3.3.2d - ICE Tool and ICE Form 

 The team inputted all the required data gathered in the objectives above into the ICE tool. 

This data included the total AM/PM peak hour volumes collected in Section 3.2.1 along with the 

advanced control strategies from Stage 1, which were put into the “Alternatives_MasterList” tab 

of the sheet. The cost and safety analysis inputs were inserted into the “CostParameters” tab. 

Finally, the intersection delay times were input into the “Delay” tab. The ICE tool was then run 

using the “Setup Worksheets” function on the “Alternatives_MasterList” tab. The “Outputs” tab 



17 

 

included the Net Present Value (NPV) of Total Costs and the benefit-cost comparison for each 

control strategy.  

3.4 - Select a Final Control Strategy as the Optimal Redesign Solution 

The B/C ratios calculated in the benefit-cost comparison were one of the factors used to 

select an alternative as the final design for the Worcester Airport Rotary intersection. 

Alternatives with higher B/C ratios were preferred. The overall positive effects on safety, 

pedestrian access, traffic throughput, construction cost, and ease of use was also examined for 

each alternative. The most balanced design in these areas was chosen to be the final 

recommended design that the team moved forward with.  

The team did not move on to Stage 3 of ICE as the alternative selected in Stage 2 was 

definitive and time constraints prevented further analysis. A more detailed analysis might require 

revising the Stage 2 analysis or proceeding to Stage 3. The recommendation given to MassDOT 

was considered to help with future analysis and move the project from a 25% design to a 75% 

design phase.  
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4.0 - Results 

 The methods explained in Section 3 were utilized by the team to construct an overall 

recommendation on what the intersection redesign should be. These methods produced 

comprehensive results that allowed a specific alternative to be recommended primarily using the 

ICE tools provided by MassDOT with consideration to their redesign process.  

4.1 - Understand Best Practices Regarding Intersection Design 

 Using the ICE tool and examining functional design reports allowed the team to get a 

better understanding of some of the tactics MassDOT uses when redesigning intersections. The 

number of possible alternatives was reduced from any initial brainstorming phase as constraints 

from the existing conditions analyzed in Section 3.2 and the intersections present in the ICE tool 

gave a clearer picture on what could be done at the Airport Rotary.  

Roundabouts are an efficient type of intersection because they do not have stop-and-go 

conditions as traditional intersections, which reduces congestion. An advantage of a roundabout 

design is that they do not include traffic signals, so they are not susceptible to power outages. 

Roundabouts make sure that traffic does not maintain high speeds, this reduces the severity and 

frequencies of crashes compared to signalized intersections. Some of the most severe types of 

vehicle crashes are eliminated with this design, such as T-bone, left turn, and head-on collisions. 

Another safety feature of roundabouts is that they reduce the number of conflict points between 

people biking and vehicles. Compared to other control strategies a roundabout has a 90% 

reduction in fatalities, 76% reduction in injuries, and 35% reduction in all crashes (FHWA, 

2022). 

A signalized control strategy is a viable design because it addresses the project need in a 

balanced manner while being in scale with the project. Signals can help better optimize traffic 
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flow by making sure all directions are able to clear the intersection in an efficient manner. 

Signals are also in scale with the project, as they can be implemented to the existing intersection 

with relative ease, although a different configuration of the intersection might be more optimal 

for signalization. Signalized Control improves safety performance in terms of reducing severe 

crashes. This is because signalization will make cars on Pleasant Street slow down to a stop 

while allowing for cars to turn in a dedicated phase. Pedestrians and cyclists were able to achieve 

safer travel since the signals will provide an opportunity to provide a phase for pedestrian 

crossings. This control strategy provides a signal phase for every turning movement, which can 

potentially allow for less delay and more efficient travel.  

4.2 - Analyze the Existing Conditions at the Intersection  

MassDOT provided the Peak Hour Volumes from previous studies conducted at the 

intersection on May 13, 2021, and November 4, 2021, with this data being presented in Figure 13 

below. The data in Figure 13 was compared to the Peak Hour Volumes collected by the group 

presented in Table 1.   
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Figure 13:  The TMC data from previous studies conducted at the intersection on May 13, 2021, 

and November 4, 2021 (MassDOT, 2021) 

 

4.2.1 - Collection and Analysis of Turning Movement Counts  

 After collecting the traffic volumes on November 1st and 2nd, 2022, the peak hours for 

the existing operations were determined to be 7:15 AM to 8:15 AM and 3:00 PM to 4:00 PM. 

The peak hour volume for each approach is presented in Table 1 and the corresponding turning 

movements for each approach is in Figure 14.  
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Table 1: Peak hour volumes for each approach in the existing intersection with predicted 

amounts for 2042 

 

 

 

Figure 14: Turning movements for each approach at Airport Rotary 
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In addition to collecting traffic volumes from the intersection, it was also required to plan 

for the future and calculate how said traffic would grow in 20 years. A growth factor was 

provided to the team through the Central Massachusetts Regional Planning Commission that was 

applied to the traffic counts previously found. According to the CMRPC, the growth factors were 

15.3% in the AM and 12.7% in the PM. These values were given to the team through 

correspondence with the CMRPC’s individual responsible for the regional travel demand 

forecasting model. These were applied to the counted volumes to get predicted volumes for 2042 

as seen in Table 2.  

  Table 2: Total peak hour volumes for the intersection for the AM/PM peaks in 2022 and 

2042 

 

The peak hour volumes of each approach given in Table 1 were summed to find the total 

peak hour volumes for the intersection as presented in Table 2. It was found that the AM peak 

hour had the higher total peak hour volume and was thus used for further analysis.  

The approach AM peak hour volumes from Table 1 were utilized to find the Exisitng and 

Design AADT using the methods from Section 3.2.1. A k-factor of 0.09 was utilized. Pleasant 

Street was classified as being in the U3 factor group, having a MEF of 0.97 for November. 

Bailey Street and Airport Drive were classified as being in the U4-U7 factor group, having a 

MEF of 0.99 for November. Table 3 below shows the various factors and values used to 

calculate the Study and Design AADT.  
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  Table 3: The factors and values used to calculate the Study and Design AADT 

 

4.2.2 - Synchro for Existing Rotary  

 

To evaluate the existing traffic conditions, an intersection capacity utilization (ICU) was 

performed to determine the LOS for the intersection. An ICU is the sum of the ratios of approach 

volume divided by approach capacity for each leg of intersection which controls overall traffic 

signal timing plus an allowance for clearance times. The ICU is used for existing conditions 

because it can determine the capacity utilization if the intersection were to be signalized, the 

output from ICU is similar to the intersection volume to capacity ratio. The LOS results for 

AM/PM peak hour traffic volumes were evaluated for both 2022 and 2042, these volumes can be 

found in Table 4 and Appendix B. The ICU level of service was performed on the rotary by 

splitting it up into four different intersections. The intersections and their corresponding traffic 

movements and volumes can be found in Figure 15.  
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Figure 15: Four different intersections and corresponding volumes at existing rotary 

 

Table 4: ICU LOS for each intersection of the existing rotary 

ICU LOS Analysis 

 1 3 5 7 

AM 2022 H (Err%) B (59.2%) A (25.1%) A (25.8%) 

AM 2042 H (Err%) C (67.1%) A (28.5%) A (28.6%) 

PM 2022 H (Err%) A (49.0%) A (21.5%) A (24.3%) 

PM 2042 H (Err%) A (54.5%) A (24.2%) A (26.9%) 

 

Table 4 above presents the LOS and percent capacity of the intersection for the 2022 and 

2042 AM/PM peak hours. A worsened LOS level and a higher percent capacity are predicted for 
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the 2042 AM/PM peaks, suggesting that the intersection will experience more congestion in the 

future. A LOS of H indicates that a portion of this intersection is 9% or greater over capacity, 

thus the percent capacity for this intersection is represented as an error. Most industry standards 

require the ICU LOS to be E or better. To achieve this, a change to the rotary design may be 

required.  

4.2.3 - Crash Data 

 The relevant crash data was acquired from the MassDOT Online Crash Data Portal for 

the years 2017-2021 and tabulated in Table 5. A total of 7 crashes happened over the 5-year 

period, with the average number of crashes per year (A) being 1.4 crashes per year.  

 

Table 5: Intersection crash data received from the MassDOT Online Crash Data Portal 

4.2.3a - Crash Rate and Diagram 

The MassDOT Intersection Crash Rate Worksheet, shown in Figure 16, was completed 

using the Intersection ADT (V) of 16922.2 from Table 1 in Section 4.2.1 and the average number 

of crashes per year (A) of 1.4 crashes per year.  
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Figure 16: MassDOT Intersection Crash Rate Worksheet 

Using the Crash Rate Equation in Figure 7, the intersection crash rate was calculated to 

be 0.23. Table 6 below compares the intersection crash rate to the average statewide and District 

3 crash rates. 

Table 6: Intersection crash data compared to statewide and district crash rate 

Intersection Name 

# of Crashes 

(2017-2021) 

Intersection 

Crash Rate 

Avg. Crash Rate 

(Statewide) 

Avg. Crash Rate 

(District 3) 

Airport Rotary 7 0.23 0.57 0.61 
 

The crash data did not reveal any overwhelming safety concerns, as the intersection was 

below the average statewide and District 3 crash rates. 
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The team created crash diagrams to further identify the issues and trends that contribute 

to the crashes by organizing the crash data by type and specific location in the intersection. The 

crash diagram was constructed using the 2017-2021 data from the MassDOT Crash Data portal. 

There was a total of seven crashes with no fatal injuries reported on the Airport Rotary in that 

interval of time. Different types of crashes with their location on the map were constructed on 

the crash diagram using PowerPoint software. There was a total of four angle collisions, one 

sideswipe, and two rear-end collisions. The crash diagram includes a description box at the 

bottom which displays symbols for each type of crash. The majority of the crashes happened on 

Pleasant Street and Bailey Street. The crash diagram is presented below as Figure 17.

 

Figure 17: Crash Diagram of the Airport Rotary 
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4.2.3b - Safety Analysis using MassDOT’s Safety Alternatives Analysis Guide  

The safety analysis done with the MassDOT’s Safety Alternatives Analysis Guide 

Spreadsheet Tool involved the use of Equation 4 of Method 3 (Figure 10) from the document to 

find the 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑 value. Equation 4 used the values from Table 5 for the total 

number of crashes depending on crash type and crash severity. The Study AADT value of 16664 

and the Design AADT value of 17779 from Table 3 were also utilized. Table 7 below presents 

the results of the safety analysis for the design year and the final  𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑 values 

derived from Equation 4.  

Table 7: Safety Analysis for the Design Year using Method 3 of the MassDOT Safety 

Alternatives Analysis Guide for Existing Conditions 

 

 

4.3 - Formulate Multiple Control Strategy Options using ICE 

 

Once the existing conditions had been analyzed, the ICE process could be initiated in 

order to develop viable alternatives.  
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4.3.1 - ICE Stage 1  

 

 

Figure 18: Overview of Stage 1 ICE Tool used to determine which control strategies were the 

most viable 

 

Stage 1 of the ICE tool provides 12 different control strategies that MassDOT considers, 

mainly present due to their frequent occurrence in intersection design. As a part of the team’s 

first step towards selecting an alternative, all of these strategies had to be considered and either 

deemed as a viable or non-viable alternative. The primary ones selected and considered were the 
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signalized and roundabout intersections due to their ability to improve traffic throughput and 

pedestrian and cyclist safety as well as being able to be built within the geography of the 

preexisting intersection. Many of these control strategies were deemed as non-viable due to this 

geographic restriction as large-scale expansion was not feasible with on-street residential 

buildings. Among these were the median u-turn, quadrant roadway, jughandle, restricted 

crossing u-turn (RCUT) signalized, RCUT unsignalized, and displaced left-turn strategies, with 

these strategies being immediately eliminated. The continuous green tee control strategy could 

be feasible with the geographic bounds; however, current MassDOT projects include changes to 

the Pleasant Street corridor that would make this intersection type incompatible. The current 

rotary is already a two-way stop-controlled intersection and so could be implemented physically, 

but the team discarded it because of its already existing presence and changing the stop locations 

along the rotary would not sufficiently improve traffic. The last strategy somewhat considered 

was the all-way stop controlled alternative, however, this did not advance to Stage 2 of ICE as it 

did not appear to improve the traffic operations of an intersection. This assessment was made 

based on the limits of an all-way stop controlled intersection where approaching vehicles all need 

to slow down and stop. While useful for roads with less traffic, continuing on Pleasant Street is 

the most common turning movement vehicles undergo and so having them always come to a 

complete stop would slow down traffic in a much less efficient way than what the timing and 

delays on a signalized intersection would provide. The final control strategy MassDOT considers 

are ones that do not fall within these previous 11 and no alternatives were constructed that could 

not be reasonably associated with one of the pre-established ones.  
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4.3.2 - ICE Stage 2 

 Roundabout and signalized control were the control strategies that were finalized in ICE 

Stage 1, and these strategies were further analyzed in ICE Stage 2.  

4.3.2a - Empirical Analysis of Alternatives 

 

The team created three alternatives based on the control strategies that were advanced to 

Stage 2. Alternative 1 proposes a signalized control intersection where Pleasant Street and the 

rotary intersect. It also proposes a stop control for traffic exiting Airport Drive onto the Rotary as 

seen in Figure 19.  

 

Figure 19: Alternative 1 

The signal delay and LOS values were acquired for intersections “1” and “11” in 

Alternative 1 from Appendix E and are presented in Table 8. 
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Table 8: Alternative 1 LOS and Delay 

Alternative 1 

 1 11 

 Signal Delay 

(sec/veh) 

LOS ICU LOS 

AM 2022 19.5 B A (42.3%) 

AM 2042 10.4 B A (37.3%) 

PM 2022 9.8 A A (33.7%) 

PM 2042 10.4 B A (37.3%) 

 

 Alternative 2 is a 4-leg signalized control intersection. Alternative 2 includes a dedicated 

thru lane for northbound traffic on Pleasant Street. Bailey Street has a left turn lane to 

northbound Pleasant Street and a straight and right turn lane. The LOS for Alternative 2 is in 

Table 9. 
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Figure 20: Alternative 2 

The signal delay and LOS values were acquired for Alternative 2 from Appendix G and 

are presented in Table 9. 

Table 9: Alternative 2 LOS and Delay 

Alternative 2 

 Signal Delay (sec/veh) LOS 

AM 2022 19.2 B 

AM 2042 26.9 C 

PM 2022 11.9 B 

PM 2042 13.0 B 
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Alternative 3 is a single-lane roundabout as presented in Figure 21. The roundabout 

utilized an Inscribed Circle Diameter (ICD) of 152 feet and an interior diameter of 120 feet.  

Using the traffic counts collected in 4.2.1, all the required data was received from the Sidra 

program when the roundabout alternative was constructed. This roundabout alternative had six 

different files produced, all representing different times the intersection would be used. These 

included versions in 2022, the opening year of the intersection positioned to be in 2026, and the 

design year in 2042 all with two files - one with the peak AM volumes and one with the peak PM 

volumes. These volumes were calculated using a predicted growth factor provided to the team 

through the Central Massachusetts Regional Planning Commission mentioned in Section 4.2.1.  

 

 

Figure 21: Alternative 3 roundabout design  
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Important data that was collected from the reports constructed by Sidra included the level 

of service, volume/capacity ratio, and average delay for each approach and an average for the 

intersection as a whole. The AM/PM peak hours volumes are included in Appendix H for this 

alternative. The signal delay and LOS were found for Alternative 3 and presented in Table 10. 

The volume/capacity ratio for this alternative was better during the afternoon hours and 

all versions of the alternative had under a 1.0 volume/capacity ratio, indicating that the 

intersection could adequately support the amount of traffic that is predicted to move through the 

roundabout. The ratio increased during the later design years and reached a peak of 0.933 and 

0.723 in 2024 AM and PM respectively. This alternative was predicted to work well enough that 

a two-lane roundabout design was deemed not necessary and would be more confusing for 

motorists to navigate, less safe for pedestrians and cyclists to cross through, and too expensive to 

make for the unneeded gain in reducing delay.  

Table 10: Alternative 3 LOS and Delay 

Alternative 3  

 Average Delay 

(sec/veh) 

LOS Volume/Capacity 

 

AM 2022 14.1 B 0.710 

AM 2042 24.2 C 0.933 

PM 2022 9.0 A 0.624 

PM 2042 11.1 B 0.723 
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A summary of the delay information for each alternative sketch is presented in Table 11. 

The delay values below were used as the major empirical inputs for the alternatives in the ICE 

Tool. 

Table 11: Delay information for alternative sketches 

Delay 2022 2042 

 Units AM peak PM peak AM peak PM peak 

Alternative 1 sec/veh 19.5 9.8 30.0 10.4 

Alternative 2 sec/veh 19.2 11.9 26.9 13.0 

Alternative 3 sec/veh 14.1 9.0 24.2 11.1 

 

4.3.2b - Safety Analysis using MassDOT’s Safety Alternatives Analysis Guide Spreadsheet 

Tool for Alternatives 

For the safety analysis needed for the alternatives, the values of 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑛𝑜𝑏𝑢𝑖𝑙𝑑 

from Table 6 were utilized. From the Massachusetts State-Preferred CMF List, it was found that 

the CMFs for a Signalized Intersection Improvement was 1 for SV FI, 0.46 for MV FI, 1 for SV 

ALL, and 0.57 for MV ALL crashes. These CMF values were applied to the “Estimated Crashes 

During the Design Year using Method 3” column in Table 12, to estimate the 

𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 for Alternatives 1 and 2. Table 12 below presents the Safety Analysis 

for the design year for a Signalized Intersection Improvement. The two 

𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 values highlighted in red were used as the major safety inputs for the 

Traffic Signal alternative in the ICE Tool.  
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Table 12: Safety Analysis for the Design Year using Method 3 of the MassDOT Safety 

Alternatives Analysis Guide for a Signalized Intersection Improvement 

 

The CMFs for a Roundabout Improvement were 1 for SV FI, 0.16 for MV FI, 1 for SV 

ALL, and 0.48 for MV ALL crashes. Table 13 below presents the Safety Analysis for the design 

year for a Roundabout Improvement. The two 𝑁𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑.𝑑𝑒𝑠𝑖𝑔𝑛.𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 values highlighted in 

red were used as the major safety inputs for the Roundabout alternative in the ICE Tool. 
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Table 13: Safety Analysis for the Design Year using Method 3 of the MassDOT Safety 

Alternatives Analysis Guide for a Roundabout Improvement 

 

4.3.2c - Cost Estimates 

Table 14: Cost Estimate for each Alternative Design 

Cost Estimate 

Control Strategy Total Construction Total Design  Total Project Cost 

Alternative 1 $1,262,514 $126,251 $1,388,765 

Alternative 2 $1,206,467 $120,646 $1,327,113 

Alternative 3 $1,137,453 $113,745 $1,251,198 

 

The total construction and design cost estimates can be found in Table 14 above. The 

most expensive design option is Alternative 1 while Alternative 3 is the most inexpensive option. 

Alternative 3 did not include any traffic signal items, so the cost is lower because of this. 

Alternative 2 is a slightly less costly option than Alternative 1 because the milling and paving 

quantity is a smaller amount. The total design costs were calculated to be 10% of the total 
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construction costs. The ROW cost for each alternative is zero because there will be no 

anticipated change to the bounds of the project. It should be noted that this estimate does not 

include inflation to a future construction year. The preliminary estimate is included in Appendix 

I.  

4.3.2d - ICE Tool and ICE Form 

The required delay, cost, and safety values were input into the ICE tool, with the resulting 

data represented in the “Outputs” tab. Table 15 and Figure 22 present the NPV of Total Costs 

calculated by the ICE tool. 

 

Table 15: Table with the NPV of Total Costs for the three alternatives 
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Figure 22: Graph with the NPV of Total Costs for the three alternatives 

 

The benefit-cost comparison conducted by the tool required a base case for comparison. 

The base case was required to not be the existing condition; thus “Traffic Signal Alt 2” 

(Alternative 2) was used as the base case since it represented the highest NPV. Alternatives with 

lower NPV’s were preferred, so the using Alternative 2 as the base condition allowed the 

alternatives with lower NPV’s to be compared. Table 16 presents the benefit-cost comparison for 

the three alternatives with Alternative 2 being the base case. 
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Table 16: Benefit-cost comparison for the three alternatives 

 

 

4.4 - Select a Final Alternative as the Optimal Redesign Solution  

 Based on the benefit-cost comparison done with the ICE tool, one of the alternatives can 

be finalized. The benefit-cost comparison provided B/C ratios for  “Traffic Signal Alt 1”  

(Alternative 1). For the  “Roundabout” (Alternative 3), the analysis provided the following text 

output; “Control strategy preferred. Benefits are greater than base case and cost is less than base 

case”. Alternative 3 did not yield a B/C ratio since the associated calculations involved dividing 

a positive (+) net present value (NPV) benefit by a negative (-) NPV cost. NPV is predominately 

used in economics to predict the future value of a business or company with all of the present 

cash flows. For this cost analysis, NPV is being used to predict the value of an alternative using 

benefits as a positive “revenue” and other costs and improvements that do not directly result in a 

benefit as “investments”.  There are essentially no NPV costs associated with Alternative 3 while 
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there are NPV costs associated with Alternative 1, indicating that Alternative 3 is more cost 

effective and still retains positive benefits. Roundabouts are excellent for safety, pedestrian 

access, and traffic throughput as established in Section 4.1. Therefore, the Alternative 3 

Roundabout was recommended by the team to be the optimal redesign solution for Worcester 

Airport Rotary intersection.  
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5.0 - Conclusion and Recommendations 

 

 In conclusion, the team gained an understanding of the best practices regarding 

intersection design, analyzed existing data provided by MassDOT, collected necessary data, and 

analyzed multiple potential options using the ICE process. Based on the analysis, the final design 

recommended by the team to MassDOT was the Alternative 3 Roundabout. Although this design 

has been recommended by the team, there are a few associated limitations which must be 

addressed. It is worth noting that the team only completed the ICE process up to Stage 2, 

meaning there is ample opportunity for MassDOT to conduct further analysis of the alternatives 

using Stage 3 of the ICE process. Further analysis is certainly recommended by the team, as the 

cost values used in Stage 2 are only rough estimates. It is more than likely that more detailed 

analysis will modify the costs of certain alternatives, and this may prompt the reevaluation of 

which control strategy is preferred.  
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Capstone Design Statement  

 This project will involve analyzing the existing corridor of Route 122/Pleasant Street and 

examining its intersection with Bailey Street and Airport Drive. Worcester Polytechnic Institute, 

for all of its Major Qualifying Projects, requires that said projects fulfill all of the Accreditation 

Board for Engineering and Technology (ABET) capstone design elements. For this project, the 

elements recommended by ABET will be taken into account in order to fulfill the Capstone 

Design requirement. These aspects that will be addressed in this project include the following: 

Constructability: The team will look at previous and possible designs for the Route 122 - Airport 

Drive intersections and corridor redesigns and aim to select the best one with consideration to 

constructability such as cost, maintenance, time to complete, and compatibility with existing 

utilities.  

Economic: For this project, preliminary construction cost analysis will be conducted in order to 

gauge the economic feasibility of the redesign. Cost effectiveness will assist in the decision 

making process for which redesigns make the most efficient improvements for the evaluated 

cost. The relative cost of production compared to the benefits added will be fundamental in 

selecting a final design as overly expensive projects with little added benefit will not be deemed 

as suitable as a less expensive one with similar benefits.  

Environmental: Any changes or improvements that will be made through the intersection and 

corridor will be designed with preserving and maintaining the local environment with special 

consideration given to the local forest and water streams that run throughout and around Route 

122.  
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Ethical: The design project and design project team will work to not diminish the reputation of 

WPI and the Massachusetts Department of Transportation and all decision-making and project 

elements will be made in compliance with three ASCE Code of Ethics. 

Health and Safety: The design projects and overall improvements made to Route 122 and the 

Airport Drive intersection will be made to value the overall safety and well-being of all who use 

the road. An easier to navigate intersection and improvements made to the usability of the route 

for non-motorists will be made with a goal to reduce the amount and severity of crashes on the 

roadway.  

Political: The team will collaborate with MassDOT and, through them, local residents, 

commuters, and the City of Worcester to present design improvements that will work to better 

the state highway and the city as a whole. The needs of each of these stakeholders will be highly 

considered when identifying a final redesign. 

Social: This project has a primary concern to improve the safety and usability of Route 122 for 

regional commuters, local residents, and any others who would travel along this stretch of the 

state highway. Their concerns, through previously held MassDOT town meetings, will be 

factored into the final design decision and the suggested improvements will prioritize benefiting 

the residents.  

Sustainability: The team will work to identify a redesign that prioritizes present and future needs 

with consideration to expected growth in the area that will affect the intersection and corridor. 

Long-lasting sustainability in the area is a goal that will be prioritized through redesigns that 

consider the area's future. 
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Introduction 

 As the second largest city in the New England area, Worcester has a large number of 

commuters coming into the city due to its size and location. Its roadways, throughout the city, 

should allow for a balance of use and accessibility for all users, whether they are motorists, 

pedestrians, or cyclists. A major throughput lane for Worcester is Route 122, also known as 

Pleasant Street for the part of Worcester that is being examined in this project. The part of this 

state highway that is subject to possible improvements and redesigns is the intersection of Route 

122 and Airport Drive near the Paxton town line that connects the suburban town to the 

Worcester Regional Airport and the more urban environments of the city.  

 This intersection and the corridor on which it is located has been identified by local 

residents, motorists, commuters, and the Massachusetts Department of Transportation 

(MassDOT) as a location needing improvement due to being relatively unsafe for pedestrians 

and cyclists as well as having a confusing intersection off of a state highway that could be 

upgraded for throughput to be more efficient and safe. Currently, the corridor provides little 

safety to pedestrians despite having a sizable housing community along the highway and nearby 

side streets. The road is designed for much higher speeds than the posted speed limit of 30 mph 

would indicate. The intersection that leads to the airport and the Webster Square area is a popular 

cut-through, yet the intersection gives full right-of-way to Pleasant Street while using a semi-

roundabout design for the rest of the intersection that has much room for improvement in safety, 

traffic capacity, and ease of use and understanding.  

 MassDOT has already commenced with a redesign project concerning this intersection 

and corridor and, throughout this MQP project proposal, recommendations will be made on 

which redesigns are the most effective. 
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Background 

A major throughput lane going through Worcester is the state highway, Route 122, 

starting in Blackstone, MA until it ends in Orange, MA. In Worcester specifically, the route cuts 

through the city from Grafton in the south to Paxton in the north (Figure 1).  

 

Figure 1: Map detailing the bounds of Route 122 throughout Massachusetts (Google Maps, 2022). 

The location examined for the project is the state-owned section from Tatnuck Square to 

the Paxton Town line. The intersection located between Bailey Street, Airport Drive, and 

Pleasant Street (Route 122) has been identified as a problematic area that needs some level of 

redesign. Specifically, there are a number of issues known to the city government, locals, and the 

state transportation department including high traffic speeds based on the design of the road, a 

lack of pedestrian safety with few total crosswalks along the route and no sidewalks on the 

northbound side of the road, and an intersection that does not have the design capabilities to 

support a safe and constant flow of traffic.  
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Figure 2: Map detailing the stretch of Route 122 in Worcester that this project is examining (Google Maps, 2022). 

The intersection itself is the focus of a redesign project initiated by MassDOT in 2019, 

first focusing on pedestrian safety on the state highway before transitioning to examining the 

rotary. Throughout a standard weekday, the intersection can reach an Average Daily Traffic 

(ADT) of 14,864 and 15,770 vehicles at its busiest locations (points C and F in Figure 3), with 

peak hours being from 7:15 - 8:15 AM in the morning, 1:45 - 2:45 PM in the midday, and 4:45 - 

5:45 PM in the evening (Worcester (TMCs & ATRs) Memo). Site visits to the area reveal what 

has been mentioned from locals and transportation officials where the area around the 

intersection is generally unsafe with only two painted crosswalks along Pleasant Street; the only 

way to cross Pleasant Street is near Mower Street or down by Baxter Street. High speeds through 

the rotary and a lack of adequate safety for pedestrians is of primary concern. Turning movement 

counts conducted by MassDOT indicate high levels of usage through the intersection. A redesign 

of this rotary into a safer alternative for pedestrians and one that is easier to drive through and 

understand for motorists is a primary goal.  
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Figure 3: Locations along Pleasant Street in Worcester where turning movement counts were conducted (Worcester (TMCs & ATRs) 

Memo). 

MassDOT has already identified this intersection as in need of a redesign. In order to 

produce a coherent design, MassDOT has a consistent and objective procedure based on certain 

performance criteria to compare several intersection control strategies, called Intersection 

Control Evaluation (ICE). With this evaluation procedure in mind, both current and future 

alternatives can be critically examined to see if they are the best fit for this intersection. As this 

project is located on a State Highway, an ICE is required for the final product, but it can still be 

applied to any number of possible submittals. An ICE consists of 3 primary stages involving a 

screening, initial assessment, and a detailed assessment stage. The intricacy and number of 

control strategies and variables that are considered expand throughout the stages. Any fatally 

flawed alternative is identified in stage 1 and removed. In order to move forward with a redesign 

past stage 1, a Project Initiation Form is submitted to MassDOT that requires the department’s 

approval. This form consists of the project’s location, purpose and description, costs and 

responsibilities, and general information. If no single control strategy emerges from stage 1, a 



55 

 

stage 2 assessment would be submitted afterwards with the pre-25% design package. If no single 

control strategy emerges from stage 2, a stage 3 assessment would be completed prior to the 25% 

design submission. The amount of data and analysis done in each stage allows the design to be as 

comprehensive as possible, incorporating crash predictions, planning level opinions of probable 

design, right-of-way, construction costs, traffic operation analyses, and geometric designs, all of 

which are done throughout the process, especially in stages 2 and 3, to evaluate the intersection 

as thoroughly as possible.  
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Methodology 

The goal for this MQP is to create a new design of the intersection of Route 122, Airport 

Drive, and Bailey Street that will be safer and better utilized by the community. 

Objective 1: Understanding best practices regarding intersection design 

The team will gain an understanding of best practices regarding intersection design. The 

potential different designs of intersections will be studied, including the general benefits 

associated with roundabouts and signalized intersections. Studying the general benefits will help 

the team better understand complex intersections that make use of roundabouts and signals. In 

order to design these complex intersections, the team will familiarize themselves with the 

Intersection Control Evaluation (ICE) method employed by MassDOT. ICE is a three-stage 

approach to develop traffic control alternatives for intersections (MassDOT 2021). The team will 

familiarize itself with this process by inputting data from a sample project and taking it through 

the three steps of ICE. Two sample projects that will be used in order to develop include the 

Lynnfield Street (Route 129) Roadway Reconstruction Project and Corridor Improvements on 

Centre Street/ Brockton Avenue (Route 123), Brockton and Abington, MA Project. Once these 

sample projects have been taken through the process, the results will be compared with the actual 

work done by MassDOT to ensure that the ICE procedure is being accurately followed. Practice 

with the ICE Method will help the team in analyzing the proposed configurations that MassDOT 

has come up with for the Airport Rotary.  

Objective 2: Analyze existing data provided by MassDOT 

Once the team has familiarized itself with the best practices regarding intersection design, 

the existing data provided by MassDOT will be analyzed. This data will be closely looked at to 

ensure that any information utilized is not outdated. If information is found to be outdated, the 
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group will rectify the situation by either consulting a different source or collecting the data 

themselves. Missing information not provided elsewhere in the existing data will also need to be 

collected by the group. The team will specifically analyze existing Synchro files while also 

taking a look at the listening sessions and meetings providing direct feedback from the 

community. The team will try to derive accurate values for Peak Hour Volumes, Turning 

Movement Counts, Annual Average Daily Traffic (AADT), and Average Daily Traffic (ADT) 

from the given data. The frequency of certain types of crashes and the crash rates can also be 

derived from the existing data, with these values being a major input in the ICE process.  

Objective 3: Collecting necessary data 

Based on the analysis of traffic counts and crash data documents from MassDOT, the 

team will collect and analyze additional data as necessary from the airport rotary. The team will 

conduct traffic counts as a collective group in October 2022. With the help from WPI and 

MassDOT, the group will attach the Owl Camera at the airport rotary. In conjunction with the 

TDC Ultra traffic data collection tool, the team will use the video recordings from the Owl 

Camera to derive comprehensive data that will include AADT (Averaged Annualized Daily 

Traffic) data from each leg of the intersection considering time and day of the week. The video 

system will allow the group to collect 24-hour counts for one week. The group will then be able 

to derive peak hours from those recordings. This data will indicate the flow of the traffic and 

provide the group with potential problematic issues that may occur through visual observations. 

After the data collection, the group will determine the measures of effectiveness of the 

airport intersection. Software tools that will be provided by MassDOT and WPI include Synchro 

and Sidra softwares. They will be used to determine intersection and network capacity. Software 



58 

 

analysis will incorporate specifics about the number of lanes, percent of heavy vehicles, controls, 

and approach grades.  

Existing crash data at Route 122 will be collected by using the MassDOT Online Crash 

Data Portal. The number and types of crashes will be analyzed from 2017 - 2021. Once the total 

number of crashes and other variables are determined, the MassDOT Intersection Crash Rate 

Worksheet will be used to calculate the crash rate. The crash rate will be used to determine if the 

average rate of crashes exceeds the “average” for the District and the State for unsignalized 

intersections. The team will then create crash diagrams to further identify the issues and trends 

that contribute to the crashes by organizing the crash data by type and specific location in the 

intersection. 

.  

Figure 4: MassDOT Intersection Crash Rate Worksheet for the Lynnfield Street (Route 129) Roadway Reconstruction Project used as sample 

(MassDOT, 2021). 
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Objective 4: Formulating multiple potential options using ICE.  

The team will use ICE procedure as seen below in the flowchart (Figure 5). 

 

Figure 5: Flowchart of ICE Procedure (Kristiansen, n.d.) 

The team will start ICE procedure at stage 1, which is a high-level screening analysis that 

uses the ICE form to document the viability of 12 control strategies (Figure 6).  

 

Figure 6: 12 control strategies evaluated in ICE tool (MassDOT, 2021) 

The team will then consider 12 control strategies that MassDOT has preselected based on 

previous research that was conducted on increasing the safety and mobility of intersections 
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(FHWA, 2009). A rapid comparative analysis for all control strategies that are proposed will be 

completed and a single alternative may be selected at this stage. The comparative analysis will 

include a safety analysis using the MassDOT Safety Alternatives Guide. This procedure should 

take around 8 hours according to MassDOT. The team will first complete stage 1 of the analysis 

where the team will complete and submit the document to employees at MassDOT for review.   

If a control strategy does not immediately emerge after stage 1 is completed then stage 2 

will need to be conducted. Stage 2 includes a basic analysis of each viable control strategy from 

stage 1. The team will then use the ICE Tool to determine the lifecycle cost and a benefit-cost 

ratio for each control strategy. The ICE will require three inputs: empirical traffic analysis, safety 

analysis, and design and construction cost estimates. The empirical analysis will include data 

collected in objective 2, like turning movement counts and lane configurations. The team will 

then enter the data into Synchro to determine intersection delay. The intersection delay for the 

AM and PM peak hours for the opening and design year will be entered into the ICE tool. For the 

safety analysis, the team will use MassDOT Safety Alternatives Analysis Guide to predict the 

total and fatal injury crashes for each control strategy. The team will then enter the number of 

crashes into the ICE tool. A cost analysis will be performed and the parameters to be considered 

include the redesign, construction, right-of-way, and maintenance costs for each control strategy. 

The design, construction, and maintenance cost will be plugged into the ICE tool.   

The team will document additional information on the intersection and record the multi-

modal accommodations, the right-of-way, utility, and environmental impacts, and any public 

feedback of each control strategy. The ICE tool will then calculate the life cycle for each control 

strategy. Based on the lifecycle cost, the team will decide on one preferred control strategy. The 

results from the analyses will be documented in the ICE form, if there are still more than one 
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control strategy the team will move on to step 3. If there is only one control strategy at this stage 

then the team will not continue with ICE and will submit this document along with the pre-25% 

design package to MassDOT traffic section.   

If required, the team will move on to stage 3, which is a deeper analysis of each control 

strategy that emerges from stage 2. The traffic operations, project costs, safety, multi-modal 

accommodations, the right-of-way, utility, and environmental impacts, and public input are 

further refined. The team will document all findings in the ICE form.  

Objective 5: Selecting a final control strategy as the optimal redesign solution.  

The team will then select one control strategy as the final alternative design for the 

Worcester Airport Road intersection based on the ICE procedure. The team will emphasize how 

this intersection is safer, more balanced, and a more cost-effective solution based on objective 

performance metrics.  

 

 

Figure 7: Team Gantt Chart used for scheduling tasks and objectives throughout the project. 

 In order to timely act upon each of these methods along with broader tasks including data 

collection and analysis and interaction and correspondence with MassDOT, the team will use the 

Gantt Chart (Figure 7) as a way to schedule work and progress. Each task is mapped on the Gantt 
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Chart and will accordingly be worked on within each designated period with some time allowed 

in case more is needed. Some tasks are consistent throughout the project and the dates are 

estimates of when the team anticipates work will be done. The schedule is flexible and allows for 

changes if events happen at a different pace than anticipated.   

Conclusion 

 In conclusion the team will gain an understanding of the best practices regarding 

intersection design, analyze existing data provided by MassDOT, collect necessary data, and 

formulate multiple potential options and then select one control strategy over the others for 

Worcester Route 122 Airport Intersection. The team will make a recommendation regarding a 

new design of the intersection and submit it to MassDOT. 
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Appendix B: Existing Conditions Analysis 

Existing Conditions AM 2022 

 



65 

 

 

 



66 

 

 



67 

 

 

 



68 

 

Existing Conditions AM 2042  
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Existing Conditions PM 2022 
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Existing Conditions PM 2042  
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Appendix C: Existing Conditions 

 

Existing Conditions AM 2022 

 

Existing Conditions AM 2042 



81 

 

 

 

Existing Conditions PM 2022 

 

Existing Conditions PM 2042 
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Appendix D: Alternative 1 Drawings 

 

Alternative 1 AM 2022 

 

Alternative 1 AM 2042 
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Alternative 1 PM 2022 

 

Alternative 1 PM 2042 
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Appendix E: Alternative 1 Analysis 

Alt 1 AM 2022 
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Alternative 1 AM 2042 
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Alternative 1 PM 2022 
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Alternative 1 PM 2042 
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Appendix F: Alternative 2 Drawings 

 

Alternative 2 AM 2022 

 

Alternative 2 AM 2042 
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Appendix G: Alternative 2 Analysis 
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Appendix H: Alternative 3 Sidra Analysis 
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Appendix I: Cost Estimates 
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