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EXECUTIVE SUMMARY 

 
This paper presents an analysis of the effects on US 50 traffic from Queenstown to 

Washington, D.C. augmented by an Express Electric Bus Transit System (EEBTS) centered in 
Parole, Maryland in Anne Arundel County. This analysis compares the MDTA plan to construct 
bridge, the team’s own 8-lane tunnel preliminary design, and the team’s own proposed EEBTS to 
determine which solution best reduces traffic congestion within the area of study. Using current 
data collected by the team, a discrete-event and an agent-based simulation model was created to 
model the current state of US 50. Through a utility analysis, it was found was that the EEBTS 
with HOT lanes resulted in a significantly greater utility compared to the other two alternatives 
in addition to being less expensive when comparing preliminary cost estimates. The results were 
verified by comparing the two simulation models to each other as well as to the real world data 
collected. Finally, the analysis concludes with a recommendation to Anne Arundel County to 
implement a version of the EEBTS. 
 

 
Figure 1: Map of area of study 

 
 
 
 
 
 
 

 
 

 



 

BACKGROUND INFORMATION AND AREA OF STUDY 
 

Route 50 in Maryland is part of a 3,000 mile multi-lane highway system that stretches 
across the entire country from West Sacramento, California to Ocean City, Maryland whose 
initial planning and construction began in 1925-26. The initial construction originally ran up to 
Annapolis, Maryland and was not expanded further towards Maryland’s eastern shore until 1949 
where ferries were used to transport cars across the Chesapeake Bay [1]. 
 

Along this route is the William Preston Lane Jr. Memorial Bridge (also known as the Bay 
Bridge) which is made up of two separate spans: the original which opened in July of 1952 and 
contains 2 lanes, and a second one that runs parallel which opened in June of 1973 and is 3 lanes 
wide. The shore-to-shore length of the original bridge, which includes the length of the 
causeway, is approximately 4.35 miles long while the shore-to-shore length of the second bridge 
is slightly shorter at approximately 4.33 miles long [2]. 
 

The scope of this project starts at the US Route 50/301 fork in Queenstown, Maryland as 
the eastern limit, following Route 50 all the way into the Washington, D.C. Metro area as the 
western limit and is approximately 46 miles in length as seen in Fig. 1. 
 

PROBLEM STATEMENT AND PURPOSE OF STUDY 
 

Traffic congestion is one of the most fundamental problems faced by many cities. There 
are several factors that contribute to increase of traffic such as, the increase in the use of 
automobiles, poor public transportation options, and the pull of both economic and personal  
vacation opportunities. The traffic volume across US 50 has been steadily increasing over several 
years, due to population and job growth on both sides of the bay. As such the volume of traffic 
has drastically increased causing large amounts of congestion which has lead to large delay 
queues, resulting in the loss of human productivity. The essential problem is how to get people 
from one side to the other efficiently in a timely manner, and to be explored as solutions will be 
the revamping of public transit, the execution or alteration of tolling systems, the construction of 
a new William P. Lane Jr. Bridge, and the creation of a new 8 lane tunnel. 

Traffic along Route 50, especially its choke points, must be reduced in order to Provide 
an LOS of D or better for travel between Washington DC and the Eastern Shore from ~ 2020 to 
2040. 

 

 



 

STATEMENT OF WORK AND SCOPE 
 

The group will research and analyze multiple methods of transportation to help transport 
people in and around Anne Arundel County to develop a solution that can be implemented in the 
next eight years. The specific route to be researched is along Route 50 from Washington D.C.  to 
Queenstown across the Chesapeake Bay. Specific transportation methods to be analyzed will a 
hub and spoke bus systems and traditional cars with HOV lanes along route 50. This will also 
include analysis on the William P. Lane Jr. Bridge and how this specific choke point can be 
alleviated moving towards the future. The team will create a custom utility function as well as a 
queuing model to simulate the efficacy of each method, as well as developing a schedule for 
construction, implementation, and the cost of the chosen solution. 
 

TRAFFIC HISTORY 
 

 
Figure 2: Total number of vehicles crossing the Bay Bridge annually 

 
 
 
 

 



 

A.  Chesapeake Bay Bridge 
 
As shown in Fig. 2 when the Bay Bridge first opened in 1952, about 1.1 million vehicles 

crossed the bridge that year. By the time the second bridge opened in 1973, the total annual 
traffic reached to about 8.2 million vehicles that year. Since then, the total annual traffic volume 
has only continued to increase year after year until peaking in 2007, although the slight dip in 
traffic that came afterwards was only temporary as it has recovered since then. In more recent 
times, the annual traffic volume is on par with the 2007 levels at approximately 27.2 million 
vehicles having crossed the bridge per year [3]. 
 
 
 

Table 1: Daily Traffic Growth from 1991 to 2016

 
 
B.  US-Route 50 
 

Total traffic has seen consistent growth year after year in the state of Maryland following 
nationwide patterns, especially around the metropolitan areas surrounding Baltimore City and 
Washington, D.C. as can be seen in Table 1. Unfortunately, with an increase of total daily traffic 
comes greater traffic congestion, greater traffic delays, and worsening road conditions for all 
drivers especially during peak-traffic hours [4]. 

 
The 2015 Urban Mobility Scorecard by the Texas A&M Transportation Institute ranked 

the DC-VA-MD area as having the worst traffic delays on average across the entire country with 
an average Time Travel Index (TTI) of 1.34 (See Appendix C for more on TTI) and an 
associative $1,834 yearly congestion cost per vehicle (assuming $17.67 per hour of person travel 
and $94.04 per hour of truck travel as an opportunity cost) [5] 

 



 

STAKEHOLDER ANALYSIS 
 
The current list of possible stakeholders are as follows: 
 

● US Department of Transportation 
● Federal Highway Administration (FHWA) 
● Maryland Department of Transportation (MDOT) 
● Maryland Transportation Authority (MDTA) 
● Maryland Transit Administration (MTA) 
● A nne Arundel County (AAC/DoT) Department of Transportation 
● Anne Arundel County (AAC/P&Z) Department of Planning and Zoning 
● Anne Arundel County (AAC/B) Office of the Budget 
● Maryland State Highway Administration (SHA) 
● Maryland Department of Planning (MDP) 
● Queen Anne’s County Department of Aging 
● Environmental Protection Agency (EPA) as any construction must be in accordance to 

the National Environmental Policy Act (NEPA) and  the National Ambient Air Quality 
Standards (NAAQS) 

● Maryland residents 
● Tourists and commuters that originate from outside of Maryland (eg. Virginia, Delaware)  

 
The main tensions between these stakeholders is who will pay to implement what. 

Obviously a new bus transportation system will serve more than just the citizens of one county, 
but which other countries should help contribute to the cause and how much? The Howard 
County RTA, Baltimore Regional Transportation Board, Anne Arundel County DOT, Annapolis 
Transit System all have similar missions according to each of their websites, which is to create a 
useful and sustainable system for people to utilize. Currently, these entities do not necessarily 
work together to fulfill their stated missions. 

 
One of the other tensions for the creation of a new bus system will be the fact that US 50 

is a state road. Realistically, any type of tolling system being placed along Route 50 will generate 
revenue, but the question of how much of a cut goes to the state versus the county may cause 
pricing issues. Lastly, the responsibility of who is in charge of operating or implementing the 
solutions can be argued from each organization’s stand point. When it comes to the consumer 
side of the system, the main tension would most likely be on how to pay for a bus ride. Since the 
idea is to take as part of a commute, it is going to be important to make sure that the payment 
system is compatible with other existing forms of public transportation. Since this new bus 

 



 

transit system connects to both the Baltimore and Washington D.C. metro systems, it would be 
convenient for the customer to not have to carry a handful of different payment cards. 

 
REQUIREMENTS AND UTILITY FUNCTION 

 
From the stakeholder analysis the major mission requirements for the solution were 

devised. These included that the system shall help to reduce the overall delay of the stretch of 
Route 50 observed, reducing the variance of delay along the stretch of Route 50, keep the 
majority of the solution within the borders of Anne Arundel County, and finally to reduce 
environmental impact by devising a solution that would reduce the amount of carbon emissions. 

 
We quantified these improvements into observable numbers that would also be capable of 

tying back into the utility function. When it came to passenger capacity it was found important 
that the new system be capable of handling at minimum the number of passengers the route 
currently handles. The route should also decrease the delay, as well as show a decrease in the 
variance should it be chosen. Finally after deliberation over political climates as well as the 
introduction of climate change research, the team found it necessary to include carbon emissions 
such that any chosen solution should show a decrease in the total carbon emissions or at the very 
least, not cause it to worsen. 

 
After deciding upon these factors, segments of the utility function were put together and 

then weighted, and with feedback from stakeholders, the components were decided to be 
weighed equally amongst each other leading to the following equation. 

 

 
 

DATA COLLECTION AND METHODOLOGY 
 

Due to the fact that traffic data was not provided to the group and the traffic data 
available online was not recent enough, our team picked out 13 locations along the area of study 
and recorded the traffic cameras over a 24-hour period each Tuesday in February 2019 [6]. The 
traffic in these recorded videos were then subsequently counted and the averaged data was used 
to calculate the maximum traffic capacity, the Level of Service (LOS), the Time Travel Index 
(TTI), and the various queuing theory formulas. Refer to Appendices C and D for more 
information on the formulas, methods used, and the traffic data for each section. 
 
 

 



 

 
 

ANALYSIS OF CURRENT PUBLIC TRANSPORTATION OPTIONS 
 

Unfortunately, there are currently no metro or train stops that are nearby the Bay Bridge 
with no trains or light rail systems passing near the city of Annapolis or Kent Island. Instead 
there are a small number of bus routes and commuter bus routes that make use of the bridge as 
well as have several Park & Ride sites in common as can be seen in Fig. 3 and 4. 
 

 
Figure 3: Shared Park & Ride locations west of Bay Bridge 

 



 

 
Figure 4: Nearby Park & Ride locations east of Bay Bridge 

 
 

There are a total of 7 different bus routes that cross over the Bay Bridge and all of them 
either originate or pass through Kent Island to the east, as well as finish or pass through the city 
of Annapolis to the west. Refer to Appendix F for more information on these bus routes. 
 

 
 

 
 
 

 



 

ANALYSIS OF ALTERNATIVES 
 

A.  Bridges 
 

Maryland Transportation Authority (MDTA) has proposed 4 different build options for 
the same location as the current bridge (see Table 2 below). Build options 1-3 each offer the 
same configuration when construction is completed. That is, there will be eight total lanes of 
travel with 3 lanes going in each direction. There will also be 2 contraflow lanes that change 
direction of travel based on the time of day. Build options 1-3 also include widening about 10 
miles of route 50 on each side of the bridge. Build option 1 consists of building a new 3 lane 
structure at a cost of 1.45 billion dollars. Build option 2 includes demolishing the current 2 lane 
EB bridge in order to make room for a new 5 lane structure at a cost of 2.71 billion dollars. Build 
option 3 consists of demolishing both existing structures and building an all new 8 lane structure 
for a price of 4.25 billion dollars. Build options 1-3 are projected to provide a C level of service 
rating or better through the year 2040. Build option 4 is the different option that does not include 
any new structures. It only consists of widening the EB structure to 3 lanes. This option costs 
only .93 billion dollars, but it provides E and F level of service ratings before the year 2040 [7]. 
Using a length of 4.35 miles, the average cost per square foot of surface of the bridges above is 
$1,000. Using information from the MDTA and the Federal Highway Administration, we have 
developed an original bridge design and cost estimate. The FHA states that freeway lanes must 
be 12 feet wide and that shoulders must be 6 feet wide [8]. Using the same configuration as the 
MDTA proposal and the bridge would be 8 lanes with 6 shoulders totalling 132 feet wide. This 
makes the total cost of the bridge about 3.1 billion dollars. This is significantly less that the 
MDTA 8 lane structure cost, but it also is about 36 feet narrower. 
 

 
Table 2: Option Comparison Table 

 
 
 
 
 
 
 

 



 

B.  Buses 
 

Buses are the most common way to move people from one location to the other, 
especially those who live in lower density areas. Buses can travel short or medium distances in 
cities and towns. Unfortunately, there are currently no metro or train stops that are nearby the 
Bay Bridge with no trains or light rail systems passing near the city of Annapolis or Kent Island. 
Instead there are a small number of bus routes and commuter bus routes that make use of the 
bridge as well as having several Park & Ride sites in common.  
 

Having a well rounded public bus transit system should reduce road congestions 
significantly. According to smartcitiesdive, “Currently in America, public transit use results in a 
reduction of 865,000,000 hours of travel time.” Having a lot of buses will reduce the number of 
cars on the road. In addition, using public transit help reduce the expenses of a household. As 
reported by smartcitiesdive, “Each family that gets rid of one car and relies on public transit 
saves over $10,000 per year.” Not only do families save money by getting rid of a car but help 
reduce road congestions [9]. 

 
In addition, major work and changes need to be done on the current bus system in 

Maryland as can be seen in Appendix F. One of the focal points for the proposed Express 
Electric Bus Transit System (EEBTS) to fulfill one of the system requirements is the 
incorporation of electric buses instead of diesel buses. The use of electric buses over diesel 
should lead to a reduction in carbon dioxide and other harmful gas emissions that can potentially 
cause climate change. 
 

 
Figure 5: Proterra Electric Bus 

 

 



 

Proterra’s new, 40-foot Catalyst E2 Max under proper conditions can travel more than 
300 miles on a single charge. It can travel for approximately 5 Hours at 55 mph (~ 4 RT per 
3-hour Charge @ 500A charge Rate). It can reach up to around 400 horsepower for acceleration 
(compared to 280 of a diesel bus) and has 40 seats. It can reach a top speed of 65 mph and has a 
life time expectancy of about 12 years or 200,000 miles of service life. Electric buses also have 
noise reduction compared to that of diesel buses, in addition to low-floor, ramp-accessibility, an 
Automatic Voice Announcement System, and is compatible with wireless Traffic Information 
Systems for bus tracking purposes [10]. 
 

Finally, complexity should be reduced and reliability should be improved for future bus 
routing, especially when compared to the complex and unreliable routes that currently exist (see 
Appendix F for more details on current bus routes). While simply replacing the current diesel 
buses with electric ones may result in lower carbon emissions overall, it is not expected to have 
any real effect on traffic congestion unless the bus routes themselves are also changed along with 
it. 
 
C.  Tunnels 
 

Tunnels are currently not among MDTA’s list of viable options to remedy traffic along 
the Bay Bridge, but they do offer benefits worth consideration. Shown in the figure below is the 
average traffic volume per mile of Maryland facilities. What can be seen is that both tunnels 
(Baltimore Harbor and Fort McHenry) significantly outperform bridges. The facility of most 
interest is the Fort McHenry tunnel as it offers the same number of lanes (8) that are proposed for 
a new bridge. 

 

  
Figure 6: Traffic volume of select tunnels and bridges 

 



 

 
Another data point to consider is the amount of toll revenue that these facilities bring in 

for the Maryland government. A higher revenue stream makes it easier for the Maryland 
Transport Authority to afford necessary maintenance as well as pay back the initial cost of the 
structure. The figure below shows the toll revenue per mile by facility. Once again, it can be seen 
that both the Baltimore Harbor and Fort McHenry tunnels outperform bridges in the state of 
Maryland. The figures above and below are very similar, which indicates an obvious relationship 
between traffic volume and toll revenue. 

 

   
Figure 7: Toll revenue of select tunnels and bridges 

 
Despite traffic volume and toll revenue being important considerations when deliberating 

which type of facility to implement, they are not the only ones. Cost plays a major role in the 
decision-making process as funds must be available for the project to proceed and taxpayers 
want their money to be used efficiently. Represented in the figure below is the cost per mile of 
each facility at the time of construction adjusted for inflation. It can be difficult to compare cost 
across a wide timespan due to changing material costs, new regulations, etc. However, the 
significant increase between the Fort McHenry tunnel and the rest of the facilities is certainly not 
due to only the aforementioned potential differences. 

 

 



 

  
Figure 8: Cost per mile of select tunnels and bridges in 2018 dollars 

 
Another benefit to the use of a tunnel is that they allow shipping to easily pass overhead. 

While bridges offer the ability for shipping to flow through underneath, they must be constructed 
high enough, which can be unsightly for the surrounding population. Furthermore, bridges are 
subject to closings due to strong winds while a tunnel would be unaffected. 

 
Even though it comes with a high cost of construction, a tunnel remains a strong 

contender as a potential replacement to the existing Bay Bridge. The value of a tunnel can most 
prominently be seen in its ability to move a high volume of traffic, thus bringing in higher toll 
revenue. 

 
D.  Tolls 
 

Tolls have been used in a multitude of ways in order to better help in allowing for a better 
flow of traffic. Three specific methods that have been looked at in order as possible tolls for the 
Route 50 corridor: increasing an already existing toll along the William P. Lane Jr. Bridge, 
creating a peak/off-peak pricing system, and utilizing a dynamic tolling system for HOV lanes 
similar to that of I-66 in Virginia going in and out of Washington DC. 
 

1) Increase of the Toll: The Bridge has currently employed a toll across it, although the 
toll only exists in the eastbound direction. The toll is a static value based on the number of axle’s 
existing on a vehicle, however this price fluctuates depending on whether the method of payment 
is through a video toll, a cash toll, or an E-ZPass Maryland toll. The highest price being the 
Video Tolls, the pricing breakdown is as follows: 

 



 

 
Table 3: Video Toll Rates 

Number of Axles Current Rate 

2-axle $6.00 

3-axle $12.00 

4-axle $18.00 

5-axle $36.00 

6-axle $45.00 

 
 

The second highest pricing is to pay the cash toll or base toll as it is referred to by the 
MDTA: 
 

Table 4: Cash/Base Toll Rates 

Number of Axles Current Rate 

2-axle $4.00 

3-axle $8.00 

4-axle $12.00 

5-axle $24.00 

6-axle $30.00 

 
 
Finally, we have the Maryland E-ZPass rates which are broken down into three different 

categories: 
 

 
 
 
 
 
 

 



 

Table 5: E-ZPass Maryland Toll Rates 

 
Plan 

 
Current Rate 

Commuter $1.40 

2-axle $2.50 

Shoppers $2.00 

 
 
What was noted with the last set of toll rates, is that they are more akin to plans rather 

than rates. The easiest to explain is the 2-axle Maryland E-ZPass rate which offers the user a flat 
discount from the original $4.00 to the new $2.50 (A 37.5% discount overall). However, the 
Commuter and Shopper plans operate differently. The Commuter plan is limited only to 2-axle 
vehicles and allows an individual to pay $35.00 for 25 trips (which values each trip at $1.40). 
However, the trade-off is that the plan ends once the user has used all 25 trips, in which case they 
must renew, or 45 days have passed. The Shopper plan also has its drawbacks. The user, again, is 
limited to a 2-axle vehicle, and the user may pay $20.00 for 10 trips (averaging at $2.00 a trip). 
However, the user may only use these trips Sunday through Thursday and these trips are only 
valid for 90 days, after which they will expire. 
 

An important thing to mention about the E-ZPass plans is that they are strictly limited to 
Maryland E-ZPass holders only, and thus, those with an out of state E-ZPass will be unable to 
take advantage of any of the previously explained plans.  
 

Altogether, these three toll methods makeup for the entirety of the William P. Lane Jr. 
Memorial Bridge’s current tolling system and prices. 

 
However, seeing the current state of the bridge as a choke point it was instead 

investigated whether or not increasing the toll on the bridge would have any effect. In order to 
look at past instances, Figure 9 shows a study from CDM Smith has examined following trends. 

 
 
 
 
 
 

 



 

Figure 9: Bay Bridge changes in toll price and transaction volume [11] 
 

From fiscal year (FY) 2017 the most important values to notice are that the number of 
transactions is currently near its previous maximum (13.7 million) at a value of 13.6 million 
transactions over the fiscal year, translating in to a positive 2.4% change from the previous year. 
There was a total revenue gained of $54 million (a 2.2% increase from the previous year), which 
ends up resolving to an average toll revenue of $3.97, which is a 3% decrease from the previous 
year. 

When looking at this information it can be seen that most of the time, even when the toll 
continued to rise, ridership on average still experienced a growth. The only time in which there 
was noticeable decline was in 2013 in which the number of transactions suffered a 7% decrease 
from the previous year. Even so, after the toll was again increased, there was still a steady 
increase afterwards of the number of transactions, ergo an increase in the number of vehicles 
traveling the road.  

 
 

 



 

2) Peak/Off-Peak Pricing: Peak/off-peak pricing has been a price plan used by the DC 
Metro Transit Authority for their train routes, and works in that depending on the key, main 
congestion times of train use, users will pay a higher or lower rate. If they choose to ride the train 
during a busy time, they will pay the peak, or higher, price. If they go during any off these 
off-peak times, they pay the lower rate.  

 
So, while the effects of tolls regarding peak/off-peak pricing can be examined, it doesn’t 

necessarily translate to how vehicle travel is affected by this pricing. Luckily there was a study 
complete in Japan using the Tokyo Metropolitan Expressway traffic data. 

 
First a model was made using user traffic data to accurately simulate the possible effects 

of a peak/off-peak pricing on the busy road during the morning and evening congestion hours. 
After setting the unit costs for time, for arriving on time and late, and setting a simulation for 
various off-peak discount prices from the original 700-yen toll, the following trends were noticed 
for the early morning and daytime sections. 

 

 
Figure 10: Changes in traffic volume for each toll rate of early morning discount [12] 

 
 

 



 

 
Figure 11: Changes in travel time for each toll rate of early morning discount [12] 

 

 
Figure 12: Changes in traffic volume for each toll rate of daytime discount [12] 

 
 

 



 

 
Figure 13: Changes in travel time for each toll rate of daytime discount [12] 

 
 

What was noticed by this study is that the greater the discount in off peak pricing, the 
more people tend to shift toward using that off-peak time. This can be seen in both of these 
graphs as in the first there is an obvious shift in traffic to before the regular toll rate is applied, in 
this case the largest discount of 43% (A final toll of 400 yen). However, while this does move 
congestion away from these peak hours it is important to notice that the larger the discount the 
more drastically traffic can change immediately after these discounts are applied. As seen by Fig. 
11 and 13, while the amount of travel time along this road decreases steadily as time goes on, 
there is a very sudden and drastic bump in that time of approximately 4 minutes per 8 km as soon 
as the off-peak discount is applied.  

 
In conclusion while the congestion is allowed to have immediate relief, there are still 

some residual effects of having the congestion still present, just spread out to different times. It 
should be also noted that while this study is helpful, it admittedly has the fault of not including 
simulations for an increase in the demand that may be present in side roads. 

 
 
 
 
 
 
 

 



 

3) Dynamic Congestion Pricing: The final possible change to be made in the current 
tolling system is also one of the more recent, and complicated, and that is the concept of dynamic 
congestion pricing. This is the concept of a toll that changes constantly throughout the day, even 
at rates of a change every hour, all depending on the amount of congestion already present along 
the route. Several studies have been done with various types of modeling and several roads have 
begun putting dynamic congestion pricing as their tolling method of choice. 

 
One study done in 2009 used several models and simulations to try and measure the 

various effects that different tolling methods have in comparison to dynamic congestion pricing 
and how they affect driver travel times [13]. What was concluded was a comparison between a 
zero-toll scenario on a road network and a best toll scenario which was a dynamic toll method 
gained from simulated congestion. What was found is that in the synthetic network devised for 
the simulation, the best toll performed relatively well, reducing travel times for most individuals. 
 

Continuing from this, while the synthetic network did discover a time save from the 
‘best’ dynamic congestion toll, it still fails to accurately simulate the current network, as the 
study even admits to this shortcoming. So, while dynamic congestion pricing did show that the 
congestion becomes more evenly distributed similar to the peak/off-peak change in flow. The 
negative part of this however is the failure to accurately take into account driver choice to avoid 
tolls. As a result a first hand trend study was done with the team to observe the patterns of the 
toll on I-66 Monday through Friday, which does possess this dynamic tolling model on an HOV 
lane, as will be seen with Fig. 14 and 15. 

 

 
Figure 14 

 

 



 

 
Figure 15 

 
What is noticed is that the individuals of I-66 do in fact take the HOV lane fairly                 

consistently as the price of the lane follows an upward trend almost entirely through the peak                
hours, meanwhile it can be assumed that the traffic in the afternoon peak hours maintains a level                 
of consistency as the tolls tend not to rise above $15.  

 
What this ultimately means is that dynamic tolling system responds quickly and            

effectively to ridership usage as it is updated consistently to match the demand for consistent               
travel along a specified lane, and as such people will either take it or avoid it depending on their                   
situation. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

E) Express Electric Bus Transit System (EEBTS) 
 
The proposed EEBTS  incorporates electric buses paired with High Occupancy Toll 

(HOT) lanes in conjunction with dynamic congestion pricing in order to help reduce traffic flow 
rates. The concept of implementing toll lanes serves two separate purposes. The first is that it 
will guarantee a certain speed so people driving will have the option to pay the money to drive at 
that speed. The second purpose is that it will provide a lane for buses to drive in on Route 50 
which will hopefully inspire people to switch from driving personal cars to riding on the bus in 
order to commute to and from work.  

 
1) New Proposed Routes: The proposed bus system will resemble a hub-and-spoke 

system with the hub located in Parole, Maryland with the purpose of feeding into already 
existing public transit systems such as those in Washington, D.C. and Baltimore. The proposed 
destinations that are going to make up the spokes of the system are Fort Meade, Largo Town 
Center Metro stop, New Carrollton Metro Stop, Glenn Burnie, and Queenstown. The minor 
routes are Lakehsore Fairgrounds in Jacobsville, Bristol, Avalon Shores, and Crofton. These 
might seem like random selections, but each of these routes serves their own purpose.  The minor 
routes are still important, but the system can start operating with the major routes while the 
minor routes are still being put in place. Since the EEBTS is supposed to be a hub and spoke 
system, the routes will not be going all over the place. Therefore, they need to go in areas where 
they can serve a large amount of people and preferably where there is already parking.  

 
Jacobsville, Bristol, Avalon Shores, and Crofton are all the same kind of stop. They are 

not destinations, but rather they are pick up locations for commuters trying to get to work. 
Avalon Shores and Bristol are both in the southern part of Anne Arundel County where they 
currently do not have any useful public transportation. Bristol is in the southwest part of the 
county in a lower income area so this bus system will provide these people with access to job 
opportunities in both Baltimore and Washington D.C. which might have previously been to 
difficult to obtain. This route will follow MD 2 and 259 taking approximately 40 minutes during 
traffic with a possible stop in Harwood if the demand is high enough. Avalon Shores is in the 
southeastern part of the county near a handful of marinas. This route will provide people a way 
to get to their boats without having to drive. This is especially useful when boat owners move 
their boat from the marina to their home dock. The bus here will follow MD 2 and 468 to go 
south towards the stop taking approximately 30 minutes. 

 
Jacobsville and Crofton are both more of a suburban housing area so the EEBTS can be 

used as an alternate form of transportation for commuting. These locations also already have 
places to park cars in the Lakeshore Fairgrounds and the Waugh Chapel Towne Center 
respectively. The route used to get to the fairgrounds has more than one possibility while being 

 



 

virtually the same amount of time (40 minutes). One option is to follow route 50 past the Severn 
River and then follow route 2. The other option is to go north on I-97 and then east on Maryland 
route 100. To get to the Waugh Chapel Towne Center the bus should follow I-97 north and MD 
3 South taking about 15 minutes. 

 
Queenstown is a stop that can be considered both a travel destination and a pick up 

location. The Queenstown outlets will be the actual bus stop which will provide plenty of 
parking for people who are trying to commute to work and it will also give people a way to get to 
the outlets without having to drive. These outlets are located right at where Maryland US 50 and 
MD 301 merge on the eastern side of the Chesapeake Bay. The bus would follow US 50 East 
over the William P. Lane Jr. Bridge until it reaches the outlet mall taking roughly 30 minutes.  

 
Fort Meade, New Carrollton, Largo Town Center, and Glenn Burnie can be considered 

travel destinations because the number of people traveling to these locations for work. New 
Carrollton and Largo Town Center are both major Metro stops for the Washington D.C. Metro 
system. To get to these stops, the bus will follow route 50 west until I-495 and then follow 495 
south to get to the Largo Town Center Metro stop and use 495 north to get to the New Carrollton 
Metro stop. These two stops are on different lines of the Metro system however so this will 
provide the customers with plenty of different options for traveling in and out of the city either 
for work or leisure activities.  

 
Glenn Burnie is the same concept except it is part of the Baltimore transit system that 

takes people directly to downtown Baltimore. There is also access to the BWI airport as well 
through the Glenn Burnie stop. This bus route will go north on I-97, stopping at the Marely 
Station Mall before arriving at the Cromwell Station taking between 35 and 40 minutes.  

 
Lastly, Fort Meade is a key destination for the EEBTS because of the large amount of 

people working on post each day.. Since there are tens of thousands of people already working 
there with those numbers expected to grow, parking on post is a problem. For any employees that 
live in or around any of the several pick up locations, those individuals could ride the bus to 
work rather than driving themselves. The route from the central hub will follow I-97 north and 
then continue on Maryland route 32, stopping in Odenton before arriving at Fort Meade taking 
around 30 minutes. The stop in Odenton is a key part of this route because that is the location of 
the MARC train that provides service through most of Maryland including several options to get 
into Washington D.C. 

 
2) Proposed Hub Location: The central hub will be located in Parole, Maryland. The 

exact location of the hub is where the current Greyhound Bus Stop is along the Harry S. Truman 
Park & Ride as shown in Fig. 16 and 17 . 

 



 

 

 
Figure 16: Proposed location of hub adjacent to US 50 

 

 
Figure 17: Close-up of proposed location 

 

 



 

3) EEBTS Cost Breakdown: See Appendix G for the detailed cost breakdown. 
 

Table 6 

Buses $29.3 Million 

Charging Station $1.4 Million 

HOT Lanes $242 Million 

HUB Structures and 
Parking 

$60.2 Million 

Spoke Bus Stop Structures $0.075 Million 

Land $5 Million 

TOTAL $338 Million 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

COST ESTIMATE COMPARISONS FOR ALTERNATIVES 
 

Table 7 

EEBTS 8-Lane Bridge 8-Lane Tunnel 

0.34 Billion 5.9 Billion 3.2 Billion 

 
 

SIMULATION MODELS 
 
A. M/M/1 Simulation Model 
 

Due to the fact that there are a number of instances where the Level of Service (LOS) 
reaches F, it is impossible to hand calculate theoretical delays due to the fact that L Q goes to 
infinity as 𝛒 approaches 1. A discrete-event simulation model was created using AnyLogic as an 
alternative approach due to this limitation. 
 

For each of the road sections listed, a single server queue is created with the calculated 
maximum capacity treated as the queue service rate and the number of vehicles entering treated 
as the arrival rate which changes depending on the hour. Each of these individual sections are 
then connected to each other and a check is performed at the start of each of these blocks to 
count how many vehicles are entering the new block. If too many enter when compared to the 
data, then an appropriate amount of vehicles are taken out of the system. If there are not enough, 
then the appropriate amount of vehicles are added to the system. This is to ensure that the total 
traffic rate mirrors the collected real-world data. 
 

As vehicles travel through the system, the time each vehicle spent waiting in a queue is 
recorded and summed up in order to obtain the total traffic delay as well as the total traffic delay 
variance. 

 
Figure 18 

 



 

B) M/M/1 Simulation Limitations 
 

Reducing the entirety of US 50 into a simplified M/M/1 queue is not without its 
limitations, for example this simulation has no way to measure exactly where vehicles enter or 
exit the road network. In addition, driving behaviors that have an effect on the arrival and service 
rates for each section are assumed to be incorporated in the data meaning that the simulation 
does not account for shifts in how people travel along US 50. Behaviors such as lane merging, 
lane changing, excessive speeding, or near collision slowdowns are such examples that this 
simulation model fails to capture. Finally, the biggest limitation with this model is that it cannot 
be used to simulate alternative scenarios as there’s no way to accurately determine what the new 
service rate would be for a new bridge or tunnel construction, and the incorporation of the 
EEBTS is too complex to fit within a simple M/M/1 queuing model. 
 
C) Agent-based Simulation Model 
 

In order to cover some of the previously mentioned limitations as well as be able to 
simulate the effects of system alternatives, an agent-based model was additionally created using 
SUMO. A to-scale representation of the entire US 50 road network was created within the 
program which includes all changes to things such as speed limits and number of lanes, as well 
as every on and off-ramp found within the area of study. 
 
Vehicles are created with the following assumptions:  

● Regular cars are 5 meters in length on average while trucks are 8.8392 meters in length 
on average [14][15]. 

● Regular cars have an average acceleration rate of 2 m/s 2 and have an average deceleration 
rate of 1.9 m/s 2 [16][17]. 

● Trucks have an average acceleration rate of 0.68 m/s 2 and have an average deceleration 
rate of 0.88 m/s 2 [17][18]. 

● 95% of regular cars will prefer to travel within 95%-105% of the posted speed limit and 
95% of trucks will prefer to travel within 92.5%-100% of the posted speed limit. 

● Both regular cars and trucks follow the HBEFA 3.1 model to calculate the carbon 
emission output of each vehicle [19]. 

 
In this simulation model, driving behaviors such as lane changing, HOV lane usage, and 

merging are simulated. Older traffic reports from MDoT taken from ArcGIS [20] were used to 
approximate the probability that a vehicle will choose to exit at any particular point, and drivers 
are assumed to know their route ahead of time and prefer to change lanes as few times as 
possible although exceptions are made in the interest of saving time. Finally, the simulation is 
only run from 5:00 in the morning to 22:00 at night first in the interest of saving time running the 

 



 

full simulation, and second because the LOS outside of these hours is never greater than C which 
has a negligible effect on traffic delay. 

 
Once the base simulation has been validated for its accuracy (see below for validation), 

changes could be made in order to simulate the effect implementing the various alternatives 
would have. After a couple of test trials, it was determined that the construction of a new 8-lane 
or a new 8-lane tunnel had virtually the same effect on traffic and as such were combined into a 
single simulation as the outputs were identical. To simulate this alternative, the only change that 
was made to the model was the widening of the Chesapeake Bay Bridge into a total of 8 lanes, 4 
in each direction. For the implementation of the EEBTS, the following assumptions were made: 

 
● HOT lanes are implemented in the manner described in the preliminary 

construction cost breakdown 
● The proportion of drivers currently using the HOV lane will continue to use the 

HOT lane 
● The LOS of the HOT lane will never exceed C 
● Buses will always use the HOT lane and run periodically every 15 minutes 
● Each bus passenger represents approximately 0.7 vehicles taken off the road for 

affected route 
 

Two simulations were created for the implementation of the EEBTS, one where we 
assume that each bus operates at 100% capacity (40 passengers total) and another where we 
assume that each bus operates at 20% capacity (8 passengers total). Finally, each of the 
simulated scenarios were then repeated with a 10% increase in traffic demand in order to have an 
understanding how a potential increase in population and/or vehicle usage may affect traffic in 
the future. The only changes that were made to the simulation was a 10% increase of incoming 
vehicles at every hour. 
 

 
Figure 19 

 

 



 

D) Model Validation 
 

To validate the agent-based model, virtual inductors were placed along the network in the 
exact locations of the recorded traffic cameras. These virtual inductors are capable of counting 
any vehicles that cross over them in the same manner as real traffic counts are collected. The 
results from these inductors were then compared with the collected data to ascertain their 
accuracy. The agent-based simulation is within 10% accuracy at all hours when compared to the 
physical data. Furthermore, the results of the agent-based simulation are compared with the 
results of the theoretical M/M/1 queuing model in order to validate the results and ensure 
accuracy. Once calibrated to the real-world data and confirmed that the traffic delay outputs fell 
within one standard deviation of the M/M/1 simulation model, these inputs were untouched when 
simulating the various alternatives. 

 
 
 

SIMULATION RESULTS 

 
Figure 20 

 



 

 
Figure 21 

 

 
Figure 22 

 



 

 
Figure 23 

 
 

UTILITY FUNCTION DESIGN AND RESULTS 
 

The major categories to be considered when creating our utility function and our 
stochastic simulation can be summed up into distinct categories. We will be measuring the 
passenger capacity. Another value that will be measured will be the reliability of the methods of 
transportation, derived from variance of delays experienced on the individual methods, and the 
total delays of the route.. The last metric to be determined will be a carbon cost of the 
transportation options. Finally these will values will be calculated into a single normalized value 
and graphed against each other on a Utility vs Cost graph. 

 
 

 



 

 
Figure 24 

 

 
Figure 25 

 



 

 
Figure 26 

 

 
Figure 27 

 



 

 
FINAL RECOMMENDATION 

 
The creation of a new HOT/CP lane system along with an electric bus transit system will 

not only greatly improve traffic flow along RT 50 in Anne Arundel county, but also provide a 
beneficial reduction in carbon emissions of the area. Both of these options in tandem will be 
capable of having an impact on the volume of traffic along the entirety of the route as well as 
making the county itself more pleasant to drive through. In comparison, as seen from the results, 
the EEBTS is capable of not only reducing the overall delay, but also the variance, and the 
carbon impact of the route. The bridge and tunnel options, while they should be considered for 
possible renovations to the bridge, need not be of the size that the county is in favor for, as it is 
an increase in cost without having the necessary impact on the traffic on the route as a whole. 
Therefore, using these the conjunction plan of the HOT lanes with the EEBTS will provide the 
county, and state, a better flow of human resources, a possible future source of revenue, and a 
means of combating the growing amount of carbon impact on the environment, all while being 
able to be implemented in a short time, with less funding required upfront to start. 
 

 
 

 
 
 
 
 
 

 



 

APPENDIX A - LANE AND SPEED LIMIT CHANGES ACROSS AREA OF 
STUDY 

 
Figure 28: Where changes in number of lanes occur while traveling eastward 

 
 

 
Figure 29: Where changes in number of lanes occur while traveling westward 

 
 
A. Changes in Lanes 

 
The Bay Bridge has a total of 5 lanes spanning two bridges, and under normal operating 

conditions, 2 lanes are used for eastbound traffic and 3 lanes are used for westbound traffic. Due 
to the need to alleviate some traffic during peak hours, a contra-flow operation is enacted. 
Contra-flow operation refers to the closing off 1 lane for westbound traffic and allowing for 

 



 

eastbound traffic to use that lane instead, resulting in a total of 3 lanes in use for eastbound 
traffic and 2 lanes for westbound traffic. Contra-flow operation occurs once a day during peak 
eastbound traffic [21]. For the purposes of this study since our scope is limited to peak traffic 
hours only, it will be assumed that the Bay Bridge will be operating with 3 lanes open during 
their respective peak hours at the appropriate time. 
 

Figures 28 and 29 represent the number of lanes that traffic can currently use throughout 
the area of study not including exit only lanes. Some interesting things to note about Fig. 28 and 
29 are the HOV lanes that are introduced for a brief time in Prince George’s County, as well as 
the the natural choke points that are created by funneling traffic into 2 lanes closer to the 
Washington, D.C. metro area in both directions and the choke point created near Queenstown, 
Maryland by temporarily funneling traffic into a single lane while traveling westward. 
 

 
Figure 30: Where changes in the speed limit occur while traveling eastward 

 

 
Figure 31: Where changes in the speed limit occur while traveling westward 

 



 

 
B. Changes in Speed Limit 
 

Figures 30 and 31 show the speed limit throughout Route 50 that traffic must follow. The 
only things to really note  are the reductions in speed limit on the Bay Bridge as well as the fact 
that there is a funneling of 4 lanes into 2 when traveling eastward at the typical 55 mph highway 
speed which then widens to 3 lanes before there is a reduction in the speed limit. Finally, it 
should be said that for the purposes of this study, it will be assumed that vehicles will travel 
approximately 5 mph over the speed limit during free-flow traffic conditions. 
 
 

APPENDIX B - ON/OFF RAMPS AND DISTANCES ACROSS AREA OF 
STUDY 

 
A.  Westbound 
 

Table 8 

Landmarks Distance from Previous 
Landmark (miles) 

Cumulative Distance 
(miles) 

US 301 & 50 Split 0.00 0.00 

Off Ramp to Nesbit Rd 0.99 0.99 

On Ramp from Nesbit Rd 0.26 1.25 

Off Ramp to to Hissey Rd 0.26 1.51 

On Ramp from Hissey Rd 0.10 1.61 

Off Ramp to Winchester 
Creek Rd 

0.24 1.85 

On Ramp from Winchester 
Creek Rd 

0.08 1.93 

Off Ramp to Vfw Rd 0.27 2.20 

On Ramp from Vfw Rd 0.10 2.30 

On Ramp from Chester River 0.45 2.75 

 



 

Beach Rd 

Off Ramp to Jackson Creek 
Rd 

0.39 3.14 

On Ramp from Jackson Creek 
Rd 

0.08 3.22 

Off Ramp to Kent Narrows 
Rd 

0.79 4.01 

On Ramp from Kent Narrows 
Rd 

0.08 4.09 

Off Ramp to Piney Narrows 
Rd 

0.96 5.05 

On Ramp from Piney 
Narrows Rd 

0.11 5.16 

Off Ramp to Piney Creek Rd 0.62 5.78 

On Ramp from Piney Creek 
Rd 

0.08 5.86 

Off Ramp to Chester Station 
Ln 

0.59 6.45 

On Ramp from Chester 
Station Ln 

0.07 6.52 

Off Ramp to Castle Marina 
Rd 

0.42 6.94 

On Ramp from Castle Marina 
Rd 

0.06 7.00 

Off Ramp to Duke St 1.04 8.04 

On Ramp from Duke St 0.12 8.16 

Off Ramp to MD 8 0.41 8.57 

 



 

On Ramp from MD 8 0.39 8.96 

Speed Limit Decrease (now 
50 mph) 

0.04 9.00 

Speed Limit Decrease (now 
40 mph) 

3.68 12.68 

Off Ramp to Oceanic Dr 1.63 14.31 

Speed Limit Increase (now 55 
mph) 

0.06 14.37 

On Ramp from Oceanic Dr 0.39 14.76 

Off Ramp to Cape St Claire 
Rd 

1.65 16.41 

On Ramp from Cape St 
Claire Rd 

0.50 16.91 

Off Ramp to Bay Dale Dr 1.16 18.07 

On Ramp from Bay Dale Dr 0.34 18.41 

Off Ramp to Baltimore 
Annapolis Dr 

0.47 18.88 

Off Ramp to MD 450 & 2 0.17 19.05 

On Ramp from MD 450 & 2 0.20 19.25 

On Ramp from MD 450 & 2 0.23 19.48 

Off Ramp to MD 70 1.44 20.92 

Off Ramp to MD 70 0.20 21.12 

On Ramp from MD 70 0.30 21.42 

Off Ramp to MD 2 0.58 22.00 

On Ramp from MD 2 0.29 22.29 

 



 

On Ramp from MD 2 0.25 22.54 

Off Ramp to Jennifer Rd 0.35 22.89 

On Ramp from Jennifer Rd 0.15 23.04 

Off Ramp to I97 0.23 23.27 

Off Ramp to MD 665 0.20 23.47 

Speed Limit Increase (now 65 
mph) 

0.00 23.47 

On Ramp from MD 665 1.12 24.59 

On Ramp from I97 0.28 24.87 

Off Ramp to MD 424 3.99 28.86 

On Ramp from MD 424 0.50 29.36 

Off Ramp to MD 301 & 3 2.71 32.07 

HOV Lane Added (now 4 
lanes total) 

0.30 32.37 

On Ramp from MD 301 & 3 0.57 32.94 

On Ramp from MD 301 & 3 0.27 33.21 

Off Ramp to MD 197 0.59 33.80 

On Ramp from MD 197 0.39 34.19 

On Ramp from MD 197 0.17 34.36 

Additional Lane Added (now 
5 total) 

0.00 34.36 

Lane Eliminated (now 4 total) 1.10 35.46 

Additional Lane Added (now 
5 total) 

3.31 38.77 

 



 

Speed Limit Decrease (now 
55 mph) 

0.00 38.77 

Off Ramp to MD 704 0.41 39.18 

On Ramp from MD 704 0.32 39.50 

Off Ramp to 495 Beltway 0.32 39.82 

HOV Lane Eliminated (now 3 
total) 

0.00 39.82 

Off Ramp to 495 Beltway 0.29 40.11 

On Ramp from 495 Beltway 0.34 40.45 

On Ramp from 495 Beltway 0.22 40.67 

Off Ramp to MD 950 0.34 41.01 

On Ramp from MD 950 0.35 41.36 

Off Ramp to MD 410 0.10 41.46 

On Ramp from MD 410 0.37 41.83 

Lane Eliminated (now 2 total) 0.33 42.16 

Off Ramp to MD 202 0.61 42.77 

On Ramp from MD 202 0.13 42.90 

 
 

 
 
 
 
 
 
 
 
 

 



 

B.  Eastbound 
 

Table 9 

Landmarks Distance from Previous 
Landmark (miles) 

Cumulative Distance 
(miles) 

On Ramp from MD 202 0.00 0.00 

Additional Lane Added (now 
3 total) 

0.70 0.70 

Off Ramp to MD 410 0.20 0.90 

On Ramp from MD 410 0.35 1.25 

Speed Limit Increase (now 55 
mph) 

0.09 1.34 

On Ramp from MD 950 0.46 1.80 

Off Ramp to 495 Beltway 0.34 2.14 

On Ramp from 495 Beltway 0.62 2.76 

Additional Lane Added (now 
4 total) 

0.00 2.76 

HOV Lane Added (now 5 
total) 

0.16 2.92 

Off Ramp to MD 704 0.26 3.18 

On Ramp from MD 704 0.30 3.48 

Lane Eliminated (now 4 total) 0.58 4.06 

Speed Limit Increase (now 65 
mph) 

0.00 4.06 

Off Ramp to MD 197 4.37 8.43 

On Ramp from MD 197 0.66 9.09 

 



 

Off Ramp to MD 301 & 3 0.57 9.66 

On Ramp from MD 301 & 3 0.45 10.11 

On Ramp from MD 301 & 3 0.37 10.48 

HOV Lane Eliminated (now 3 
total) 

0.48 10.96 

Off Ramp to MD 424 2.20 13.16 

On Ramp from MD 424 0.42 13.58 

Off Ramp to I97 4.17 17.75 

Off Ramp to MD 665 0.43 18.18 

On Ramp from I97 0.91 19.09 

Speed Limit Decrease (now 
55 mph) 

0.00 19.09 

On Ramp from MD 665 0.65 19.74 

Off Ramp to MD 450 0.46 20.20 

On Ramp from MD 450 0.14 20.34 

Off Ramp to MD 2 0.18 20.52 

On Ramp from MD 2 0.25 20.77 

Off Ramp to MD 70 0.77 21.54 

On Ramp from MD 70 0.45 21.99 

Off Ramp to MD 450 & 2 1.45 23.44 

On Ramp from MD 450 & 2 0.45 23.89 

Off Ramp to Ferguson Rd 0.90 24.79 

On Ramp from Ferguson Rd 0.17 24.96 

Off Ramp to Buschs Frontage 0.67 25.63 

 



 

Rd 

On Ramp from Buschs 
Frontage Rd 

0.46 26.09 

On Ramp from MD 179 0.19 26.28 

Off Ramp to Whitehall Rd 0.37 26.65 

On Ramp from Whitehall Rd 15 26.80 

Additional Lane Added (now 
4 total) 

1.00 27.80 

Off Ramp to Oceanic Dr 0.33 28.13 

Speed Limit Decrease (now 
40 mph) 

0.17 28.30 

On Ramp from Oceanic Dr 0.22 28.52 

Toll Booths 0.23 28.75 

Lane Eliminated (now 3 total) 0.00 28.75 

Speed Limit Increase (now 50 
mph) 

1.69 30.44 

Speed Limit Increase (now 55 
mph) 

3.29 33.73 

Off Ramp to MD 8 0.21 33.94 

On Ramp from MD 8 0.50 34.44 

Off Ramp to Thompson 
Creek Rd 

0.35 34.79 

On Ramp from Thompson 
Creek Rd 

0.13 34.92 

Off Ramp to Cox Neck Rd 0.99 35.91 

On Ramp from Cox Neck Rd 0.08 35.99 

 



 

Off Ramp to Dominion Rd 0.42 36.41 

On Ramp from Dominion Rd 0.11 36.52 

Off Ramp to S Piney Rd 0.52 37.04 

On Ramp from S Piney Rd 0.10 37.14 

Off Ramp to Dundee Ave 0.28 37.42 

On Ramp from Dundee Ave 0.09 37.51 

Off Ramp to Main St 0.15 37.66 

On Ramp from Main St 0.19 37.85 

Off Ramp to Kent Narrows 
Rd 

0.95 38.80 

On Ramp from Kent Narrows 
Rd 

0.10 38.90 

Off Ramp to Main St 0.77 39.67 

On Ramp from Main St 0.10 39.77 

Off Ramp to Chester River 
Beach Rd 

0.29 40.06 

On Ramp from Chester River 
Beach Rd 

0.22 40.28 

Off Ramp to Station Ln 0.33 40.61 

On Ramp from Station Ln 0.11 40.72 

Off Ramp to Evans Ave 0.25 40.97 

On Ramp from Evans Ave 0.11 41.08 

Off Ramp to Hess Rd 0.21 41.29 

On Ramp from Hess Rd 0.12 41.41 

 



 

Off Ramp to Nesbit Rd 0.22 41.63 

On Ramp from Nesbit Rd 0.39 42.02 

US 301 & 50 Split 0.90 42.92 

 
 

APPENDIX C - QUANTITATIVE TRAFFIC MEASURES [22] 
 

A.  Free-Flow Speed (FFS) 
 

The FFS of a given stretch of road is not necessarily the same as the marked speed limit. 
It is calculated with the following formula: 
 

FFS = (Speed Limit + 5) - f LW - f LC - f M - f A (1) 
 
where f LW is the adjustment made based on lane width, f LC is the adjustment made based on total 
lateral clearance, f M is the adjustment made based on the median type, and f A is the adjustment 
made based on the access-point density.  
 

The following table give the relationship between the lane width and the adjustments that 
should be made: 
 

Table 10 

Lane Width (ft) FLW Adjustment (mph) 

≥12 0.0 

11-12 1.9 

10-11 6.6 

 
To determine the f LC, the total lateral clearance (TLC) is calculated in the following 

manner: 
 

TLC = LC R + LCL (2) 
 

where both the right and left-hand side lateral clearance have a maximum of 6 feet. The 
following table is then used to determine the adjustment: 

 



 

Table 11 

TLC (ft) FLC Adjustment (mph) 

12 0.0 

10 0.4 

8 0.9 

 
The f M adjustment is based on how the lanes are divided for traffic going in opposite 

directions. An adjustment is made only if there is no barrier or divider of any sort between the 
two opposing traffic flows. In the area of study, traffic is always separated by a barrier with the 
exception of the Chesapeake Bay Bridge for a single lane during contra-flow operations meaning 
that no adjustment needs to be made for this variable. 

 
Finally, the adjustment made for the access-point density has a linear relationship the the 

reduction in FFS. The density of access points is determined by counting the number of access 
points within a mile of a given section and in the direction of travel. Each access point results in 
a reduction of 0.25 mph in FFS meaning if 5 access points are counted, the total adjustment will 
be 1.25 mph. 
 
B.  Traffic Capacity 

 
The maximum traffic capacity refers to the maximum amount of traffic that can be 

accommodated under prevailing roadway, traffic, and control conditions with a reasonable 
expectation of occurence. Capacity is independent of the actual demand and will be measured in 
amount of traffic per hour in the figures below. 
 

The maximum traffic capacity per lane per hour can be estimated with the following 
formula: 
 

Max Capacity = N * Base Capacity * PHF * f HV (3) 

 
where N is the number of lanes and peak hour traffic (PHF) and f HV are the following: 

 

PHF = Traffic Volume / (4 * Max Volume in 15 Minute Period) (4) 
f HV = 1 / [1 + PT(ET - 1)] (5) 

 

 



 

where PT is the total percentage of trucks and other heavy vehicles during peak hour traffic and 
ET is a constant based on the terrain type of the road [8]. The value for Base Capacity is 
dependant on the free-flow speed (FFS) of a stretch of road is can be found using the following 
table: 
 

Table 12 

FFS (mph) Base Capacity (veh/ln/hr) 

70 2,400 

65 2,350 

60 2,200 

55 2,100 

50 2,000 

45 1,900 

 
 
C. Level of Service (LOS) 

 
The Highway Control Manual 2010 describes the Level of Service (LOS) as “a quality 

measure describing operational conditions within a traffic stream, generally in terms of such 
service measures as speed and travel time, freedom to maneuver, traffic interruptions, and 
comfort and convenience.” It uses a letter scale from ‘A’ through ‘F’ to qualitatively represent 
both the operating conditions within a traffic system in addition to how these conditions are 
perceived by other drivers and passengers. A rating of ‘A’ represents free-flow traffic conditions 
where there is virtually zero traffic, while a rating of ‘F’ represents the most congested traffic 
conditions possible, with difficult to predict traffic flow due to stop-and-start traffic conditions. 
These LOS parameters are defined based on the density of traffic for a given stretch of road. 

 
 
 
 
 
 
 
 

 



 

1) Relationship Between LOS and Density for Multilane Highways 
 

Table 13 

LOS FFS (mph) Density (veh/mi/ln) 

A All 0 < 𝛒 ≤ 11 

B All 11 < 𝛒 ≤ 18 

C All 18 < 𝛒 ≤ 26 

D All 26 < 𝛒 ≤ 35 

 
 
 

E 

≥60 35 < 𝛒 ≤ 40 

55 35 < 𝛒 ≤ 41 

50 35 < 𝛒 ≤ 43 

45 35 < 𝛒 ≤ 45 

 
 
 

F 

≥60 𝛒 > 40 

55 𝛒 > 41 

50 𝛒 > 43 

45 𝛒 > 45 

 
 
 
2) Density Calculations 

 
Calculating the traffic density (veh/mi/ln) can be done with the following formulas: 

 
D = vp / S (6) 

vp = V / (PHF * N * fHV) (7) 
 

where v p is the flow rate of traffic (veh/ln/hr) and S is the average speed of traffic (mph). The 
speed can be approximated using the following formulas based on the FFS and flow rate: 

 



 

Table 14 

FFS (mph) S (mph) 

70 70 - [0.0000116*(v p-1200) 2] for v p > 1200, else S = 70 

65 65 - [0.00001418*(v p-1400) 2] for v p > 1200, else S = 65 

60 60 - (5*[(v p-1400)/800] 1.31) for v p > 1400, else S = 60 

55 55 - (3.78*[(v p-1400)/700] 1.31) for v p > 1400, else S = 55 

50 50 - (3.49*[(v p-1400)/600] 1.31) for v p > 1400, else S = 50 

 
 
D. Time Travel Index (TTI) 
 

Table 15: Traffic Congestion Definitions 

Uncongested TTI < 1.15 

Moderate Congestion 1.15 ≤ TTI < 1.3 

Heavy Congestion 1.3 ≤ TTI < 2.0 

Severe Congestion TTI ≥ 2.0 

 
The Time Travel Index (TTI) is a ratio between the average travel time during free-flow 

traffic conditions and the average travel time during peak-hour traffic conditions to get from 
Point A to Point B. The more congested the road gets and the slower cars travel, the greater the 
TTI and the longer the delay drivers can expect. For example, a TTI of 2.0 means that a trip that 
would normally take 10 minutes under free-flow conditions would take 20 minutes during 
peak-hour traffic conditions [4]. 
 
 
 
 
 
 
 
 

 



 

E. Relationship Between TTI and LOS 
 

Table 16 

LOS TTI  

A  
TTI < 1.15 

 
Uncongested 

B 

C 1.15 ≤ TTI ≤ 1.3 Moderate Congestion 

D 1.3 ≤ TTI ≤ 2.0 Heavy Congestion 

E TTI > 2.0  
Severe Congestion 

F unpredictable 

 
 
F. M/M/1 Queuing Theory 
 

Road and traffic conditions can be represented as a simple M/M/1 queue where 𝛌 is the 
traffic rate per hour and 𝛍 is the maximum traffic capacity per hour. We can then calculate the 
theoretical average number of vehicles waiting in a queue (L Q) and the average delay for each 
vehicle (W Q) with the following formulas: 
 

𝛒 = 𝛌 / 𝛍 (8) 
LQ = 𝛒 2 / (1 - 𝛒) (9) 

WQ = LQ  / 𝛌 (10) 
 

 
 
 
 

 
 

 



 

APPENDIX D - QUANTITATIVE TRAFFIC MEASURES BY SECTION 
 

A.  US 301 & 50 Split 

 
Figure 32 

 
1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both 

directions. Using Eq. 1, the FFS was calculated to be approximately 55 mph for westbound 
traffic and approximately 60 mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 17 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.87 0.97 

f HV (Eq. 5) 0.96 0.98 

Maximum Capacity (Eq. 3) 5,200 veh/hr 6,200 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 7:00 to 9:00 for westbound traffic and from 16:00 to 18:00 for eastbound traffic. 

 
 
 

 



 

Table 18: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 181 A 

1:00-2:00 180 A 

2:00-3:00 159 A 

3:00-4:00 261 A 

4:00-5:00 662 A 

5:00-6:00 1,485 A 

6:00-7:00 2,293 B 

7:00-8:00 2,680 C 

8:00-9:00 2,668 C 

9:00-10:00 2,314 B 

10:00-11:00 2,227 B 

11:00-12:00 2,270 B 

12:00-13:00 2,300 B 

13:00-14:00 2,355 B 

14:00-15:00 2,332 B 

15:00-16:00 2,355 B 

16:00-17:00 2,286 B 

17:00-18:00 2,216 B 

18:00-19:00 1,894 B 

19:00-20:00 1,413 A 

20:00-21:00 1,276 A 

 



 

21:00-22:00 1,076 A 

22:00-23:00 727 A 

23:00-24:00 537 A 

 
Table 19: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 256 A 

1:00-2:00 240 A 

2:00-3:00 168 A 

3:00-4:00 204 A 

4:00-5:00 245 A 

5:00-6:00 466 A 

6:00-7:00 951 A 

7:00-8:00 1,570 B 

8:00-9:00 1,874 B 

9:00-10:00 1,956 B 

10:00-11:00 2,357 B 

11:00-12:00 2,389 B 

12:00-13:00 2,437 B 

13:00-14:00 2,367 B 

14:00-15:00 2,521 B 

15:00-16:00 2,851 B 

16:00-17:00 3,281 C 

 



 

17:00-18:00 3,075 C 

18:00-19:00 2,475 B 

19:00-20:00 2,009 B 

20:00-21:00 1,613 B 

21:00-22:00 1,243 A 

22:00-23:00 908 A 

23:00-24:00 786 A 

 
4) Time Travel Index (TTI):  Since the LOS during peak hours in both directions never 

surpasses a level of C, the traffic during these hours can be said to be moderately congested. 
 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 20: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 5,200 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  2,680 0.515 0.548 0.000205 

8:00-9:00  2,668 0.513 0.541 0.000203 

 
Table 21: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,200 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 3,281 0.529 0.595 0.000181 

17:00-18:00 3,075 0.496 0.488 0.000159 

 
 
 

 



 

B.  Kent Narrows Bridge 
 

 
Figure 33 

 
1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both 

directions. Using Eq. 1, the FFS was calculated to be approximately 55 mph for both directions. 
 
2) Maximum Traffic Capacity:  

Table 22 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.89 0.97 

f HV (Eq. 5) 0.97 0.96 

Maximum Capacity (Eq. 3) 5,400 veh/hr 6,000 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 7:00 to 9:00 for westbound traffic and from 15:00 to 19:00 for eastbound traffic. 

 
 
 
 
 
 

 



 

Table 23: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 193 A 

1:00-2:00 189 A 

2:00-3:00 165 A 

3:00-4:00 268 A 

4:00-5:00 669 A 

5:00-6:00 1,583 A 

6:00-7:00 2,524 B 

7:00-8:00 2,909 C 

8:00-9:00 2,867 C 

9:00-10:00 2,528 B 

10:00-11:00 2,391 B 

11:00-12:00 2,410 B 

12:00-13:00 2,404 B 

13:00-14:00 2,460 B 

14:00-15:00 2,451 B 

15:00-16:00 2,440 B 

16:00-17:00 2,414 B 

17:00-18:00 2,318 B 

18:00-19:00 2,070 B 

19:00-20:00 1,509 A 

20:00-21:00 1,332 A 

 



 

21:00-22:00 1,116 A 

22:00-23:00 761 A 

23:00-24:00 566 A 

 
Table 24: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 280 A 

1:00-2:00 245 A 

2:00-3:00 180 A 

3:00-4:00 202 A 

4:00-5:00 261 A 

5:00-6:00 488 A 

6:00-7:00 1,006 A 

7:00-8:00 1,643 B 

8:00-9:00 1,946 B 

9:00-10:00 2,066 B 

10:00-11:00 2,500 B 

11:00-12:00 2,439 B 

12:00-13:00 2,529 B 

13:00-14:00 2,555 B 

14:00-15:00 2,705 B 

15:00-16:00 3,134 C 

16:00-17:00 3,493 C 

 



 

17:00-18:00 3,283 C 

18:00-19:00 2,739 C 

19:00-20:00 2,153 B 

20:00-21:00 1,776 B 

21:00-22:00 1,397 B 

22:00-23:00 989 A 

23:00-24:00 823 A 

 
4) Time Travel Index (TTI):  Since the LOS during peak hours in both directions never 

surpasses a level of C, the traffic during these hours can be said to be moderately congested. 
 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 25: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 5400 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  2,909 0.539 0.629 0.000216 

8:00-9:00  2,867 0.531 0.601 0.000210 

 
Table 26: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,000 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 3,493 0.582 0.811 0.000232 

17:00-18:00 3,283 0.547 0.661 0.000201 

 
 

 

 



 

C.  Stevensville 
 

 
Figure 34 

 
 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 60 mph for traffic in both directions. 
 

2) Maximum Traffic Capacity:  
Table 27 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 1.08 0.963 

f HV (Eq. 5) 0.978 0.984 

Maximum Capacity (Eq. 3) 7,000 veh/hr 6,200 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 14:00 to 18:00 for eastbound traffic and never surpasses a LOS of B for westbound 
traffic. 

 
 
 
 

 



 

Table 28: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 236 A 

1:00-2:00 219 A 

2:00-3:00 174 A 

3:00-4:00 273 A 

4:00-5:00 676 A 

5:00-6:00 1,655 B 

6:00-7:00 2,620 B 

7:00-8:00 3,209 B 

8:00-9:00 2,988 B 

9:00-10:00 2,664 B 

10:00-11:00 2,556 B 

11:00-12:00 2,522 B 

12:00-13:00 2,604 B 

13:00-14:00 2,738 B 

14:00-15:00 2,694 B 

15:00-16:00 2,639 B 

16:00-17:00 2,575 B 

17:00-18:00 2,546 B 

18:00-19:00 2,104 B 

19:00-20:00 1,675 A 

20:00-21:00 1,412 A 

 



 

21:00-22:00 1,134 A 

22:00-23:00 811 A 

23:00-24:00 582 A 

 
Table 29: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 264 A 

1:00-2:00 254 A 

2:00-3:00 209 A 

3:00-4:00 211 A 

4:00-5:00 274 A 

5:00-6:00 533 A 

6:00-7:00 1,139 A 

7:00-8:00 1,858 B 

8:00-9:00 2,038 B 

9:00-10:00 2,180 B 

10:00-11:00 2,488 B 

11:00-12:00 2,772 B 

12:00-13:00 2,927 B 

13:00-14:00 2,833 B 

14:00-15:00 3,208 C 

15:00-16:00 3,579 C 

16:00-17:00 4,332 C 

 



 

17:00-18:00 3,786 C 

18:00-19:00 3,015 B 

19:00-20:00 2,481 B 

20:00-21:00 2,152 B 

21:00-22:00 1,680 A 

22:00-23:00 1,260 A 

23:00-24:00 819 A 

 
4) Time Travel Index (TTI):  Since the LOS during peak hours in both directions never 

surpasses a level of C, the traffic during these hours can be said to be moderately congested for 
eastbound traffic and no congestion at all for westbound traffic. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 30: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 7,000 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  3,209 0.458 0.388 0.000121 

8:00-9:00  2,988 0.427 0.318 0.000106 

 
Table 31: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,200 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 4,332 0.699 1.620 0.000374 

17:00-18:00 3,786 0.608 0.942 0.000250 

 

 



 

 
D.  Chesapeake Bay Bridge 
 

 
Figure 35 

 
 

1) Maximum Traffic Capacity: Not only does the Bay Bridge have its contrapoint traffic 
operating conditions to keep in mind, but there are non-symmetrical speed limit changes as well 
as slightly differing shore-to-shore lengths in both directions as well as mentioned previously. 
Because of these differences and the fact that the Eq. 3 is only used to calculate the maximum 
traffic capacity for multi-lane highways, we will instead rely on a 2007 case study that was 
completed by the Maryland Transportation Authority (MDTA) for defining the maximum traffic 
capacity and Level of Service [6]. It was determined that eastbound traffic under regular 
operating conditions had a max traffic capacity of 3,000 vehicles per hour and a max traffic 
capacity of 3,700 during contra-flow operations. Westbound traffic was determined to have a 
max traffic capacity of 2,600 vehicles during standard operating conditions and a max traffic 
capacity of 4,300 during contra-flow operations. 

 
2) Level of Service (LOS):  Since Eq. 7 and 6 only apply to multi-lane highways and not 

bridges, the LOS had to be approximated by using the traffic volume to capacity ratio rather than 
the traffic density using the following table: 
 

 
 
 
 
 

 



 

Table 32 

LOS Max V/C 

A 0.30 

B 0.50 

C 0.70 

D 0.84 

E 1.00 

F >1.00 

 
Peak traffic hours are from 6:00 to 10:00 for westbound traffic and 14:00-19:00 for eastbound 
traffic. 

 
Table 33: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 320 A 

1:00-2:00 304 A 

2:00-3:00 277 A 

3:00-4:00 518 A 

4:00-5:00 1,204 B 

5:00-6:00 2,224 C 

6:00-7:00 3,203 D 

7:00-8:00 3,474 D 

8:00-9:00 3,075 D 

9:00-10:00 2,758 D 

10:00-11:00 2,419 C 

 



 

11:00-12:00 2,414 C 

12:00-13:00 2,518 C 

13:00-14:00 2,450 C 

14:00-15:00 2,371 C 

15:00-16:00 2,322 C 

16:00-17:00 2,245 C 

17:00-18:00 2,140 C 

18:00-19:00 1,739 B 

19:00-20:00 1,466 B 

20:00-21:00 1,153 B 

21:00-22:00 962 A 

22:00-23:00 705 A 

23:00-24:00 451 A 

 
Table 34: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 287 A 

1:00-2:00 270 A 

2:00-3:00 215 A 

3:00-4:00 212 A 

4:00-5:00 256 A 

5:00-6:00 499 A 

6:00-7:00 1,080 B 

 



 

7:00-8:00 1,624 C 

8:00-9:00 1,833 C 

9:00-10:00 1,915 C 

10:00-11:00 2,297 D 

11:00-12:00 2,574 D 

12:00-13:00 2,667 D 

13:00-14:00 2,683 D 

14:00-15:00 3,108 E 

15:00-16:00 3,499 E 

16:00-17:00 4,265 F 

17:00-18:00 3,773 F 

18:00-19:00 3,069 E 

19:00-20:00 2,467 D 

20:00-21:00 2,134 C 

21:00-22:00 1,693 C 

22:00-23:00 1,260 B 

23:00-24:00 839 A 

 
3) Time Travel Index (TTI):  The TTI runs the full range throughout the day for eastbound 

traffic reaching into unstable levels of unpredictability during peak hours. Westbound isn’t as 
bad, though it still reaches heavy congestion when the LOS reaches D. 

 
4) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
 

 



 

Table 35: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 =4,300 

LQ (Eq. 9) WQ (Eq. 10) 

6:00-7:00  3,203 0.745 2.175 0.000679 

7:00-8:00  3,474 0.808 3.398 0.000978 

 
Table 36: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 =3,700 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 4,265 1.153 - - 

17:00-18:00 3,773 1.020 - - 

 
 
 
 
 
 
E.  Margaretsville 
 

 
Figure 36 

 
 

 



 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 60 mph for traffic in both directions. 
 

2) Maximum Traffic Capacity:  
Table 37 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.939 0.967 

f HV (Eq. 5) 0.979 0.981 

Maximum Capacity (Eq. 3) 6,100 veh/hr 6,300 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 10:00 for westbound traffic and from 15:00 to 18:00 for eastbound traffic. 

 
Table 38: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 124 A 

1:00-2:00 152 A 

2:00-3:00 170 A 

3:00-4:00 285 A 

4:00-5:00 734 A 

5:00-6:00 1,944 B 

6:00-7:00 3,304 C 

7:00-8:00 4,378 D 

8:00-9:00 3,993 C 

9:00-10:00 3,156 C 

 



 

10:00-11:00 2,525 B 

11:00-12:00 2,243 B 

12:00-13:00 2,129 B 

13:00-14:00 2,053 B 

14:00-15:00 2,172 B 

15:00-16:00 2,172 B 

16:00-17:00 2,177 B 

17:00-18:00 2,093 B 

18:00-19:00 1,742 B 

19:00-20:00 1,169 A 

20:00-21:00 823 A 

21:00-22:00 656 A 

22:00-23:00 441 A 

23:00-24:00 333 A 

 
Table 39: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 207 A 

1:00-2:00 208 A 

2:00-3:00 141 A 

3:00-4:00 167 A 

4:00-5:00 259 A 

5:00-6:00 578 A 

 



 

6:00-7:00 1,125 A 

7:00-8:00 1,801 A 

8:00-9:00 1,721 A 

9:00-10:00 1,729 A 

10:00-11:00 1,766 A 

11:00-12:00 1,945 B 

12:00-13:00 2,108 B 

13:00-14:00 2,292 B 

14:00-15:00 2,863 B 

15:00-16:00 3,639 C 

16:00-17:00 4,255 C 

17:00-18:00 4,131 C 

18:00-19:00 2,913 B 

19:00-20:00 2,321 B 

20:00-21:00 1,640 A 

21:00-22:00 1,223 A 

22:00-23:00 847 A 

23:00-24:00 618 A 

 
 

4) Time Travel Index (TTI):  Westbound traffic briefly reaches heavy levels of congestion, 
but for the most part never surpasses moderate levels for eastbound traffic. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 



 

 
Table 40: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,100 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  4,378 0.718 1.825 0.000417 

8:00-9:00  3,993 0.655 1.241 0.000311 

 
Table 41: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,300 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 4,255 0.675 1.405 0.000330 

17:00-18:00 4,131 0.656 1.249 0.000302 

 
 
 
 
F.  MD 450 & 2 
 

 
Figure 37 

 
 

 



 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 55 mph for westbound traffic and 60 
mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 42 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.939 0.949 

f HV (Eq. 5) 0.946 0.969 

Maximum Capacity (Eq. 3) 5,800 veh/hr 6,100 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 9:00 for westbound traffic and from 14:00 to 18:00 for eastbound traffic. 

 
Table 43: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 218 A 

1:00-2:00 200 A 

2:00-3:00 222 A 

3:00-4:00 361 A 

4:00-5:00 1,086 A 

5:00-6:00 2,731 B 

6:00-7:00 4,372 D 

7:00-8:00 5,530 E 

8:00-9:00 4,928 D 

 



 

9:00-10:00 3,798 C 

10:00-11:00 3,210 C 

11:00-12:00 2,891 C 

12:00-13:00 2,898 C 

13:00-14:00 2,815 C 

14:00-15:00 2,996 C 

15:00-16:00 3,209 C 

16:00-17:00 3,045 C 

17:00-18:00 2,978 C 

18:00-19:00 2,605 B 

19:00-20:00 1,775 B 

20:00-21:00 1,284 A 

21:00-22:00 957 A 

22:00-23:00 592 A 

23:00-24:00 380 A 

 
Table 44: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 370 A 

1:00-2:00 242 A 

2:00-3:00 194 A 

3:00-4:00 216 A 

4:00-5:00 381 A 

 



 

5:00-6:00 839 A 

6:00-7:00 1,746 B 

7:00-8:00 2,291 B 

8:00-9:00 2,501 B 

9:00-10:00 2,636 B 

10:00-11:00 2,913 C 

11:00-12:00 3,313 C 

12:00-13:00 3,222 C 

13:00-14:00 3,613 C 

14:00-15:00 4,282 D 

15:00-16:00 5,109 D 

16:00-17:00 5,599 D 

17:00-18:00 5,309 D 

18:00-19:00 4,134 C 

19:00-20:00 3,165 C 

20:00-21:00 2,713 B 

21:00-22:00 1,861 B 

22:00-23:00 1,092 A 

23:00-24:00 723 A 

 
 

 
 
 
 

 



 

4) Time Travel Index (TTI):  Traffic in both directions reach heavy levels of congestion, 
though westbound traffic briefly reaches severe congestion from 7:00 to 8:00. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 45: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 5,800 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  5,530 0.953 19.528 0.00353 

8:00-9:00  4,928 0.850 4.802 0.000974 

 
Table 46: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,100 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 5,599 0.918 10.258 0.00183 

17:00-18:00 5,309 0.870 5.841 0.00110 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

G.  Severn River Bridge 
 

 
Figure 38 

 
1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 55 mph for westbound traffic and 60 
mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 47 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.938 0.971 

f HV (Eq. 5) 0.985 0.985 

Maximum Capacity (Eq. 3) 5,800 veh/hr 6,300 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 10:00 for westbound traffic and from 15:00 to 18:00 for eastbound traffic. 

 
 
 
 
 

 



 

Table 48: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 140 A 

1:00-2:00 153 A 

2:00-3:00 161 A 

3:00-4:00 287 A 

4:00-5:00 795 A 

5:00-6:00 2,230 B 

6:00-7:00 4,205 D 

7:00-8:00 6,151 F 

8:00-9:00 5,978 F 

9:00-10:00 4,914 D 

10:00-11:00 3,833 C 

11:00-12:00 3,531 C 

12:00-13:00 3,554 C 

13:00-14:00 3,209 C 

14:00-15:00 3,414 C 

15:00-16:00 3,604 C 

16:00-17:00 3,490 C 

17:00-18:00 3,316 C 

18:00-19:00 2,708 B 

19:00-20:00 1,859 B 

20:00-21:00 1,271 A 

 



 

21:00-22:00 1,040 A 

22:00-23:00 644 A 

23:00-24:00 408 A 

 
Table 49: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 269 A 

1:00-2:00 230 A 

2:00-3:00 160 A 

3:00-4:00 166 A 

4:00-5:00 243 A 

5:00-6:00 631 A 

6:00-7:00 1,432 A 

7:00-8:00 2,629 B 

8:00-9:00 2,942 B 

9:00-10:00 2,920 B 

10:00-11:00 2,775 B 

11:00-12:00 3,123 C 

12:00-13:00 3,303 C 

13:00-14:00 3,547 C 

14:00-15:00 4,296 C 

15:00-16:00 5,337 D 

16:00-17:00 6,217 E 

 



 

17:00-18:00 6,150 E 

18:00-19:00 4,310 C 

19:00-20:00 3,339 C 

20:00-21:00 2,417 B 

21:00-22:00 1,796 A 

22:00-23:00 1,170 A 

23:00-24:00 809 A 

 
 

4) Time Travel Index (TTI):  Traffic in both directions reach severe levels of congestion, 
with westbound traffic especially going past the maximum capacity and reaching unpredictable 
levels of delay. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 50: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 5,800 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  6,151 1.061 - - 

8:00-9:00  5,978 1.031 - - 

 
Table 51: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,300 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 6,217 0.987 73.917 0.0119 

17:00-18:00 6,150 0.976 40.024 0.00651 

 



 

 
H.  I-97 
 

 
Figure 39 

 
 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 55 mph for westbound traffic and 60 
mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 52 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.923 0.941 

f HV (Eq. 5) 0.982 0.982 

Maximum Capacity (Eq. 3) 5,700 veh/hr 6,100 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 10:00 and from 14:00-18:00 for westbound traffic, and from 7:00-9:00 as 
well as from 14:00 to 19:00 for eastbound traffic. 

 
 

 



 

Table 53: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 353 A 

1:00-2:00 329 A 

2:00-3:00 273 A 

3:00-4:00 426 A 

4:00-5:00 1,259 A 

5:00-6:00 3,937 D 

6:00-7:00 6,545 F 

7:00-8:00 7,002 F 

8:00-9:00 6,326 F 

9:00-10:00 5,077 E 

10:00-11:00 4,236 D 

11:00-12:00 4,022 D 

12:00-13:00 4,265 D 

13:00-14:00 4,408 D 

14:00-15:00 5,080 E 

15:00-16:00 5,387 E 

16:00-17:00 5,707 F 

17:00-18:00 5,421 E 

18:00-19:00 4,169 D 

19:00-20:00 3,393 C 

20:00-21:00 2,611 B 

 



 

21:00-22:00 2,047 B 

22:00-23:00 1,236 A 

23:00-24:00 757 A 

 
Table 54: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 508 A 

1:00-2:00 330 A 

2:00-3:00 243 A 

3:00-4:00 308 A 

4:00-5:00 556 A 

5:00-6:00 1,606 A 

6:00-7:00 3,454 C 

7:00-8:00 5,558 E 

8:00-9:00 6,040 F 

9:00-10:00 5,250 D 

10:00-11:00 4,497 D 

11:00-12:00 4,433 D 

12:00-13:00 4,545 D 

13:00-14:00 4,625 D 

14:00-15:00 5,615 E 

15:00-16:00 6,539 F 

16:00-17:00 6,964 F 

 



 

17:00-18:00 6,794 F 

18:00-19:00 6,226 F 

19:00-20:00 4,211 C 

20:00-21:00 2,776 B 

21:00-22:00 2,044 B 

22:00-23:00 1,491 A 

23:00-24:00 1,138 A 

 
 

4) Time Travel Index (TTI):  Traffic in both directions reach severe levels of congestion 
throughout most of day outside of the usual peak traffic hours. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 55: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 5,700 

LQ (Eq. 9) WQ (Eq. 10) 

6:00-7:00  6,545 1.148 - - 

7:00-8:00  7,002 1.228 - - 

 
Table 56: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,100 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 6,964 1.142 - - 

17:00-18:00 6,794 1.114 - - 

 

 



 

 
I.  MD 424 
 

 
Figure 40 

 
 

1) Free-Flow Speed (FFS): This section of road has a 65 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 70 mph for traffic in both directions. 
 

2) Maximum Traffic Capacity:  
Table 57 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.943 0.962 

f HV (Eq. 5) 0.971 0.971 

Maximum Capacity (Eq. 3) 6,600 veh/hr 6,700 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 9:00 for westbound traffic and from 14:00 to 19:00 for eastbound traffic. 

 
 
 
 

 



 

Table 58: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 220 A 

1:00-2:00 195 A 

2:00-3:00 148 A 

3:00-4:00 272 A 

4:00-5:00 808 A 

5:00-6:00 2,422 B 

6:00-7:00 3,478 C 

7:00-8:00 3,963 C 

8:00-9:00 3,632 C 

9:00-10:00 3,013 B 

10:00-11:00 2,463 B 

11:00-12:00 2,121 B 

12:00-13:00 2,155 B 

13:00-14:00 2,205 B 

14:00-15:00 2,505 B 

15:00-16:00 2,887 B 

16:00-17:00 3,336 B 

17:00-18:00 3,301 B 

18:00-19:00 2,378 B 

19:00-20:00 1,741 A 

20:00-21:00 1,446 A 

 



 

21:00-22:00 1,206 A 

22:00-23:00 698 A 

23:00-24:00 427 A 

 
Table 59: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 265 A 

1:00-2:00 183 A 

2:00-3:00 147 A 

3:00-4:00 163 A 

4:00-5:00 284 A 

5:00-6:00 803 A 

6:00-7:00 1,839 A 

7:00-8:00 3,218 B 

8:00-9:00 3,243 B 

9:00-10:00 2,518 B 

10:00-11:00 2,174 B 

11:00-12:00 2,314 B 

12:00-13:00 2,476 B 

13:00-14:00 2,764 B 

14:00-15:00 3,666 C 

15:00-16:00 4,397 C 

16:00-17:00 4,751 C 

 



 

17:00-18:00 4,809 C 

18:00-19:00 3,702 C 

19:00-20:00 2,428 B 

20:00-21:00 1,528 A 

21:00-22:00 1,058 A 

22:00-23:00 887 A 

23:00-24:00 788 A 

 
 

4) Time Travel Index (TTI):  Since the LOS never surpasses C for traffic in both 
directions, the congestion only reaches moderate levels during peak traffic hours. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 60: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,600 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  3,963 0.600 0.902 0.000228 

8:00-9:00  3,632 0.550 0.634 0.000185 

 
Table 61: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,700 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 4,751 0.709 1.729 0.000364 

17:00-18:00 4,809 0.718 1.825 0.000380 

 
 

 



 

J.  MD 301 & 3 
 

 
Figure 41 

 
 

1) Free-Flow Speed (FFS): This section of road has a 65 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 65 mph for westbound traffic and 70 
mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 62 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.943 0.947 

f HV (Eq. 5) 0.975 0.974 

Maximum Capacity (Eq. 3) 6,500 veh/hr 6,600 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 10:00 for westbound traffic and from 16:00 to 18:00 for eastbound traffic. In 
addition, given that one of the lanes in this section of road is a HOV lane, it was found that 
approximately 7% of westbound traffic between 6:00 and 9:00 and approximately 18% of 
eastbound traffic between 15:00 and 18:00 used the HOV lane at this section of road. 

 

 



 

Table 63: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 175 A 

1:00-2:00 120 A 

2:00-3:00 126 A 

3:00-4:00 272 A 

4:00-5:00 985 A 

5:00-6:00 2,560 B 

6:00-7:00 3,974 C 

7:00-8:00 4,348 C 

8:00-9:00 4,062 C 

9:00-10:00 3,296 C 

10:00-11:00 2,246 B 

11:00-12:00 2,009 B 

12:00-13:00 1,957 B 

13:00-14:00 1,998 B 

14:00-15:00 2,245 B 

15:00-16:00 2,469 B 

16:00-17:00 2,887 B 

17:00-18:00 3,076 B 

18:00-19:00 2,281 B 

19:00-20:00 1,460 A 

20:00-21:00 1,193 A 

 



 

21:00-22:00 1,037 A 

22:00-23:00 668 A 

23:00-24:00 390 A 

 
Table 64: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 185 A 

1:00-2:00 134 A 

2:00-3:00 126 A 

3:00-4:00 137 A 

4:00-5:00 265 A 

5:00-6:00 734 A 

6:00-7:00 1,611 A 

7:00-8:00 2,585 B 

8:00-9:00 2,503 B 

9:00-10:00 2,136 B 

10:00-11:00 1,975 B 

11:00-12:00 2,209 B 

12:00-13:00 2,280 B 

13:00-14:00 2,520 B 

14:00-15:00 3,448 C 

15:00-16:00 4,504 C 

16:00-17:00 5,160 D 

 



 

17:00-18:00 5,095 D 

18:00-19:00 4,013 C 

19:00-20:00 2,498 B 

20:00-21:00 1,408 A 

21:00-22:00 1,040 A 

22:00-23:00 807 A 

23:00-24:00 600 A 

 
 

4) Time Travel Index (TTI):  Westbound LOS never surpasses C so the congestion only 
reaches moderate levels, however eastbound traffic peaks at heavy levels of congestion during 
peak hours. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 65: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,500 

LQ (Eq. 9) WQ (Eq. 10) 

7:00-8:00  4,348 0.669 1.352 0.000311 

8:00-9:00  4,062 0.625 1.041 0.000256 

 
Table 66: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,600 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 5,160 0.782 2.802 0.000543 

17:00-18:00 5,095 0.772 2.613 0.000513 

 

 



 

K.  East of 495 Beltway 
 

 
Figure 42 

 
 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 55 mph for westbound traffic and 60 
mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 67 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.943 0.985 

f HV (Eq. 5) 0.983 0.976 

Maximum Capacity (Eq. 3) 5,800 veh/hr 6,400 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 10:00 for westbound traffic and from 14:00 to 19:00 for eastbound traffic. In 
addition, given that one of the lanes to the east of this section of road is a HOV lane, it was found 
that approximately 2% of westbound traffic between 6:00 and 9:00 and approximately 21% of 
eastbound traffic between 15:00 and 18:00 use the HOV lane. 

 

 



 

Table 68: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 384 A 

1:00-2:00 319 A 

2:00-3:00 256 A 

3:00-4:00 414 A 

4:00-5:00 1,208 A 

5:00-6:00 3,738 C 

6:00-7:00 6,419 F 

7:00-8:00 7,143 F 

8:00-9:00 6,363 F 

9:00-10:00 5,396 E 

10:00-11:00 4,383 D 

11:00-12:00 3,695 C 

12:00-13:00 3,550 C 

13:00-14:00 3,501 C 

14:00-15:00 3,741 C 

15:00-16:00 3,932 C 

16:00-17:00 4,084 D 

17:00-18:00 4,556 D 

18:00-19:00 4,124 D 

19:00-20:00 3,054 C 

20:00-21:00 2,466 B 

 



 

21:00-22:00 2,236 B 

22:00-23:00 1,639 A 

23:00-24:00 1,194 A 

 
Table 69: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 778 A 

1:00-2:00 530 A 

2:00-3:00 398 A 

3:00-4:00 352 A 

4:00-5:00 529 A 

5:00-6:00 1,261 A 

6:00-7:00 2,726 B 

7:00-8:00 3,658 C 

8:00-9:00 4,102 C 

9:00-10:00 3,643 C 

10:00-11:00 3,278 C 

11:00-12:00 3,743 C 

12:00-13:00 4,065 C 

13:00-14:00 4,648 D 

14:00-15:00 5,826 E 

15:00-16:00 6,611 F 

16:00-17:00 6,929 F 

 



 

17:00-18:00 7,194 F 

18:00-19:00 7,162 F 

19:00-20:00 5,593 D 

20:00-21:00 4,026 C 

21:00-22:00 2,989 B 

22:00-23:00 2,208 B 

23:00-24:00 1,864 A 

 
 

4) Time Travel Index (TTI):  Congestion becomes severe with unpredictable delays for 
traffic in both directions. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 70: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 5,800 

LQ (Eq. 9) WQ (Eq. 10) 

6:00-7:00  6,419 1.107 - - 

7:00-8:00  7,143 1.278 - - 

 
Table 71: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,400 

LQ (Eq. 9) WQ (Eq. 10) 

17:00-18:00 7,194 1.124 - - 

18:00-19:00 7,162 1.119 - - 

 

 



 

 
L.  West of 495 Beltway 
 

 
Figure 43 

 
 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit in both directions. 
Using Eq. 1, the FFS was calculated to be approximately 55 mph for westbound traffic and 60 
mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 72 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.985 0.980 

f HV (Eq. 5) 0.976 0.989 

Maximum Capacity (Eq. 3) 6,100 veh/hr 6,400 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 9:00 for westbound traffic and from 16:00 to 18:00 for eastbound traffic. 

 
 
 

 



 

Table 73: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 300 A 

1:00-2:00 234 A 

2:00-3:00 244 A 

3:00-4:00 389 A 

4:00-5:00 1,001 A 

5:00-6:00 2,965 B 

6:00-7:00 4,500 D 

7:00-8:00 4,975 D 

8:00-9:00 4,392 D 

9:00-10:00 3,845 C 

10:00-11:00 3,150 C 

11:00-12:00 2,713 B 

12:00-13:00 2,698 B 

13:00-14:00 2,571 B 

14:00-15:00 2,578 B 

15:00-16:00 2,271 B 

16:00-17:00 2,332 B 

17:00-18:00 2,701 B 

18:00-19:00 2,668 B 

19:00-20:00 2,436 B 

20:00-21:00 2,002 B 

 



 

21:00-22:00 1,688 A 

22:00-23:00 1,367 A 

23:00-24:00 967 A 

 
Table 74: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 690 A 

1:00-2:00 487 A 

2:00-3:00 349 A 

3:00-4:00 327 A 

4:00-5:00 407 A 

5:00-6:00 948 A 

6:00-7:00 1,941 B 

7:00-8:00 2,456 B 

8:00-9:00 3,024 C 

9:00-10:00 2,725 B 

10:00-11:00 2,374 B 

11:00-12:00 2,529 B 

12:00-13:00 3,040 C 

13:00-14:00 3,418 C 

14:00-15:00 4,655 D 

15:00-16:00 5,407 D 

16:00-17:00 5,748 E 

 



 

17:00-18:00 6,079 E 

18:00-19:00 5,620 D 

19:00-20:00 4,659 D 

20:00-21:00 3,368 C 

21:00-22:00 2,706 B 

22:00-23:00 2,031 B 

23:00-24:00 1,662 A 

 
 

4) Time Travel Index (TTI):  Westbound traffic reaches heavy levels of congestion, but 
eastbound traffic gets worse at peak hours reaching severe levels of congestion. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 75: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,100 

LQ (Eq. 9) WQ (Eq. 10) 

6:00-7:00  4,500 0.738 2.075 0.000461 

7:00-8:00  4,975 0.816 3.607 0.000725 

 
Table 76: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 6,400 

LQ (Eq. 9) WQ (Eq. 10) 

16:00-17:00 5,748 0.898 7.918 0.00138 

17:00-18:00 6,079 0.950 17.988 0.00296 

 

 



 

 
M.  MD 202 
 

 
Figure 44 

 
 

1) Free-Flow Speed (FFS): This section of road has a 55 mph speed limit for westbound traffic 
and a 45 mph speed limit for eastbound traffic. Using Eq. 1, the FFS was calculated to be 
approximately 60 mph for westbound traffic and 50 mph for eastbound traffic. 
 

2) Maximum Traffic Capacity:  
Table 77 

 Westbound Traffic Eastbound Traffic 

PHF (Eq. 4) 0.982 1.017 

f HV (Eq. 5) 0.969 0.987 

Maximum Capacity (Eq. 3) 4,000 veh/hr 4,000 veh/hr 

 
3) Level of Service (LOS):  The average traffic rate is used in Eq. 7 to calculate the 

average traffic flow rate, which then in conjunction with the FFS and Eq. 6 to find the traffic 
density at a given hour. The LOS is then decided based on this density. Peak traffic density 
occurs from 6:00 to 8:00 for westbound traffic and from 15:00 to 20:00 for eastbound traffic. 

 
 
 

 



 

Table 78: Westbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 257 A 

1:00-2:00 226 A 

2:00-3:00 203 A 

3:00-4:00 318 A 

4:00-5:00 827 A 

5:00-6:00 2,504 C 

6:00-7:00 3,483 D 

7:00-8:00 2,813 C 

8:00-9:00 2,098 C 

9:00-10:00 2,645 C 

10:00-11:00 2,744 C 

11:00-12:00 2,589 C 

12:00-13:00 1,987 C 

13:00-14:00 2,031 C 

14:00-15:00 2,013 C 

15:00-16:00 1,961 B 

16:00-17:00 1,950 B 

17:00-18:00 2,153 C 

18:00-19:00 2,272 C 

19:00-20:00 2,098 C 

20:00-21:00 1,434 B 

 



 

21:00-22:00 1,396 B 

22:00-23:00 1,168 A 

23:00-24:00 857 A 

 
Table 79: Eastbound 

 
Time Interval 

Average Traffic Rate 
 (vehicles per hour) 

Level of Service 
(LOS) 

0:00-1:00 555 A 

1:00-2:00 385 A 

2:00-3:00 322 A 

3:00-4:00 282 A 

4:00-5:00 326 A 

5:00-6:00 615 A 

6:00-7:00 1,169 B 

7:00-8:00 1,703 C 

8:00-9:00 2,132 C 

9:00-10:00 1,834 C 

10:00-11:00 1,646 B 

11:00-12:00 1,866 C 

12:00-13:00 1,934 C 

13:00-14:00 2,198 C 

14:00-15:00 2,892 D 

15:00-16:00 3,445 E 

16:00-17:00 3,401 E 

 



 

17:00-18:00 3,765 E 

18:00-19:00 3,896 E 

19:00-20:00 3,395 E 

20:00-21:00 2,420 C 

21:00-22:00 1,968 C 

22:00-23:00 1,568 B 

23:00-24:00 1,652 B 

 
 

4) Time Travel Index (TTI):  Westbound traffic reaches heavy levels of congestion, but 
eastbound traffic gets worse at peak hours reaching severe levels of congestion. 

 
5) M/M/1 Queuing Theory:  Since the average traffic rate is the same as the arrival rate 

and the maximum capacity can be equated to the service rate, these figures can then be used to 
calculate the average delay for each time interval. 

 
Table 80: Westbound peak traffic  

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 4,000 

LQ (Eq. 9) WQ (Eq. 10) 

6:00-7:00  3,483 0.871 5.866 0.00168 

7:00-8:00  2,813 0.703 1.667 0.000593 

 
Table 81: Eastbound peak traffic 

Time Average Traffic 
Rate ( 𝛌) 

𝛒 (Eq. 8) 
𝛍 = 4,000 

LQ (Eq. 9) WQ (Eq. 10) 

17:00-18:00 3,765 0.941 15.080 0.00401 

18:00-19:00 3,896 0.974 36.488 0.00937 

 
 

 



 

APPENDIX E - CURRENT TRAFFIC ORIGINS AND DESTINATIONS 
 

 
Figure 45: Average non-summer weekday traffic 

 

 
Figure 46: Average summer weekend traffic 

 
Figures 45 and 46 represent the amount of traffic originating from the eastern side of the 

Bay Bridge broken down into the various counties by density, as well as where that traffic is 

 



 

going after crossing the Bay Bridge broken down into the various counties. Green represents 
traffic origin and blue represents traffic destination and the darker the shade, the higher the 
density of traffic. The data was obtained from anonymous mobile device tracking data as it 
crosses over the Bay Bridge. A trip is counted when a vehicle has remained stopped for at least 5 
minutes after crossing the Bay Bridge and as such, some actual trips may be longer than shown 
[3]. 
 

APPENDIX F - CURRENT COMMUTER BUS ROUTES 
 
A.  Commuter Bus Route 210 
 

 
Figure 47: Map of commuter bus route 210 [23] 

 



 

 
Of things to note on this bus route is the fact that it passes through Annapolis, more 

specifically at the Harry S. Truman Park & Ride, as well as the Stevensville Park & Ride and is 
the only bus on this list to stop at Castle Manna Park & Ride on Kent Island. There are 3 buses 
that start from Kent Island in the morning, one every hour from 5:30 AM to 7:30 AM, that passes 
through Annapolis and continues to Baltimore, and 3 more buses that start from Baltimore in the 
afternoon, one every hour from 3:10 PM to 5:10 PM, that passes back through Annapolis and 
finishes in Kent Island. 
 

 
Figure 48: Truncated Timetable AM Hours 

 
Figure 49: Truncated Timetable PM Hours 

 
 
 
 
 
 
 

 



 

B.  Commuter Bus Route 220 
 

 
Figure 50: Map of commuter bus route 220 [23] 

 
 

This bus route travels every 15 minutes from 5:15 AM to 8:00 AM starting from 
Annapolis to Washington, DC in the mornings, more specifically from the Harry S. Truman Park 
& Ride, and every 15 minutes from 12:15 PM to 6:30 PM starting from Washington, DC and 
ending in Annapolis with the exception of the first and last afternoon buses (12:15 and 6:30 
respectively). Only these two buses will continue through Annapolis and finish the route after 
crossing the Bay Bridge on Kent Island. While all of the afternoon busses stop at the Harry S. 
Truman Park & Ride, the two buses that cross the Chesapeake will make additional stops at the 
Davidsonville Park & Ride west of the bridge, as well as the Stevensville Park & Ride and Kent 
Narrows Park & Ride on Kent Island. 

 



 

 

 
Figure 51: Truncated Timetable AM Hours 

 
Figure 52: Truncated Timetable PM Hours 

 
 
 

C.  Commuter Bus Route 240 
 

 
Figure 53: Map of commuter bus route 240 [23] 

 

 



 

 
This commuter bus travels between Kent Island and Washington, DC without stopping 

through Annapolis unlike the other bus routes so far. There are a total of 5 buses that run every 
30 minutes starting from 5:00 AM to 7:00 AM eastbound from Kent Island to Washington, DC, 
and 3 buses that run every 20 minutes starting from 4:00 PM to 5:00 PM, as well as one that 
leaves at 3:20 PM and another at 5:45 PM, travelling westbound from Washington, DC and 
ending on Kent Island. There are only two Park & Rides of interest on this route and both are 
located on Kent Island: Stevensville Park & Ride and Kent Narrows Park & Ride. 
 

 
Figure 54: Truncated Timetable AM Hours 

 
Figure 55: Truncated Timetable PM Hours 

 
 
 
 
 
 
 
 
 

 



 

D.  Commuter Bus Route 250 
 

 
Figure 56: Map of commuter bus route 250 [23] 

 
 

This bus route is similar to the Route 240 commuter bus in that it travels between nearly 
all the same stops on its route between Kent Island and Washington, DC. The difference is that 
not only are there 6 buses that leave Kent Island every 25 minutes from 4:45 AM to 6:50 AM 
that is westbound to Washington, DC and 6 buses that leave Washington, DC every 25 minutes 
from 3:15 PM to 5:20 PM that heads eastbound to Kent Island, but this bus also makes a stop in 
the Davidsonville Park & Ride near Annapolis. 
 
 

 
Figure 57: Truncated Timetable AM Hours 

 



 

 
Figure 58: Truncated Timetable PM Hours 

 
E.  Commuter Bus Route 922 
 

 
Figure 59: Map of commuter bus route 922 [23] 

 
 

This bus route has a route comparable to the 250 bus route but with an additional stop at 
the Harry S. Truman Park & Ride located closer to Annapolis before continuing to follow the 
path set by the 250 route. There are 5 buses in the morning that leave from Kent Island, one 
every 30 minutes starting from 4:50 AM, however there are 6 additional buses in between these 
times that originate from Annapolis rather than Kent Island before heading to Washing, D.C.. 
The return trip in the afternoon is similar with the majority of buses ending the trip in Annapolis 
while only 5 buses crosses over the Bay Bridge to finish in Kent Island. 

 



 

 
Figure 60: Truncated Timetable AM Hours 

 
Figure 61: Truncated Timetable PM Hours 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

F.  Commuter Bus Route 950 
 

 
Figure 62: Map of commuter bus route 950 [23] 

 
 

The 950 bus route has the same stops as the 922 bus route except with this route has a 
start time of 5:00 AM when leaving Kent Island. Unlike the 922 bus route however, there are 12 
additional buses that run between 5:00 AM to 7:35 AM that originate from either the Park & 
Ride in Annapolis or from the Severna Park & Ride instead. In the return trip from Washington, 
D.C., there are a total of 7 buses between 12:15 PM to 6:30 PM that go all the way to Kent Island 
although only the first and last of these buses also make stops in the Annapolis Park & Rides. 
There are more buses in between these afternoon hours that stop short in Annapolis or Severna 

 



 

Park & Ride. It should be noted that the buses that originate from Kent Island or finish in Kent 
Island (with the exception of the first and last bus of the PM route) will only make stops in 
Annapolis on “Special Service Days only” although it’s not made very clear what a Special 
Service Day exactly is. 
 

 
Figure 63: Truncated Timetable AM Hours 

 
Figure 64: Truncated Timetable PM Hours 

 
 
 
 
G.  Queen Anne’s County Route 3 Bus 

 

 
Figure 65: Map of Route 3 bus 

 

 



 

This bus route is run by the Queen Anne’s County Department of Aging and travels 
between Centreville and Annapolis while also making a few stops on Kent Island. Unfortunately, 
it is only a single bus that makes a total of 4 round-trips between Centreville and Annapolis 
starting at 6:30 AM near Centreville, and the only Park & Ride this route makes a stop in is the 
Stevensville Park & Ride on Kent Island [24]. 
 

 
Figure 66: ‘D’ means drop-off only 

 
 
 
 

APPENDIX G - EEBTS COST BREAKDOWN 
 
A) HOT Lane Cost Estimate 
 

The EEBTS is intended to be implemented in tandem with a new HOT system along 
route 50 through Anne Arundel County. HOT lanes are simply lanes that require the drivers to 
pay a toll to drive in the land unless they have multiple people in the car or if they have another 
exemption.  The cost to create one of these lanes from scratch is 5 million dollars per mile and 
only 2 million if there is already an HOV lane to convert [25]. In the county, there are 21 miles 
that are not an HOV lane on route 50 and 8 miles of HOV lane that both need to be converted to 
HOT lanes. This means that it will cost about 242 million dollars to implement this system in 
both directions on route 50 in Anne Arundel County. 

 



 

 
B) Bus Cost Estimate 
 

The exact bus that will be used is the Proterra Catalyst E2 Max Bus with Duopower 
Drivetrain. This bus has a driving range of 245-390 miles with a top speed of 65 miles an hour 
which means it will be able to keep up with the speed of traffic along Route 50. The bus can 
carry up to 40 people with a cost of 750,000 dollars. This particular bus has a lithium titanate 
oxide battery which can keep its charge in cold temperatures (95% in -10 degree celsius) and has 
a life span of 10 years. This bus will need a 125 kW charging station from Proterra which will 
cost 65,000 dollars to buy and install. Using this charging station, the E2 Max bus can be fully 
charged in 4.2 hours. The cost comparison of a traditional diesel bus compared to an electric bus 
is very similar if the cost of carbon is not included. When including the cost of carbon, the 
electric bus costs about 1.2 million dollars less over 12 years per bus. 
 
C) Hub Cost Estimate 
 

The hub location in parole has about 4-5 acres of land that is not being used and it is 
directly beside US 50 which is the focal point of the EEBTS. According to Maryland’s own tax 
assessment, land on this street is worth around 1 million dollars per acre. This means the cost of 
procuring the land for a hub structure will be roughly 5 million dollars [26]. The hub location 
will also provide an actual structure for people to use while they wait for a certain bus. The 
building itself will be a 3,000 square foot pre-manufactured metal structure that will be able to 
provide customers with protection from the outdoor elements as well as provide certain 
amenities to increase pleasure while taking the bus. These amenities include having a bathroom 
and having a coffee shop. There will also be some type of screen, TV or LED sign, that will 
update the riders on their bus status such as the next time it will depart or if it is delayed. The 
cost of a metal building is about $40 per square foot which adds up to 120,000 dollars for the 
entire structure to be purchased and assembled [27]. Because this bus system will be a hub and 
spoke system, people will need to find a way to get to one of the bus stops. Most of the spokes 
have been placed in locations that already have parking available or where having parking will 
not be necessary. For the hub, there are a handful of populated neighborhoods within 5 miles of 
the location, such as Edgewater, so it will be necessary to create more parking for the consumers. 
There is already a large surface lot so a parking structure would need to be built in order to 
increase the amount of spaces. To build a 3,000 space parking garage in the Washington D.C. 
area, it would cost just under 60 million dollars not including any planning or engineering fees 
associated with the project [28].  

 
 

 

 



 

D) Bus Structure Cost Estimate 
 

Each spoke location will also have some type of structure in its place. These structures 
will not be as extravagant as the hub structure, but they will serve a similar purpose. They will 
provide protection from the elements and they will provide information on the next bus leaving 
from that particular stop. These bus stops will also be made from metal structures, but will only 
be several hundred square feet. Since the bus stops will have different sizes, the cost will also be 
different from stop to stop, but the $40 per square foot is still a correct estimate [27]. This means 
that there is going to be about a fifteen thousand dollar price tag on each bus stop to include 
construction and furnishings. The locations that will be given metal structures are Fort Meade, 
Bristol, Avalon Shores, Crofton and Jacobsville. The other three stops already have large 
structures such as a mall or a D.C. Metro structure in place so these stops only need a sign to 
provide information on the arrival times. The land needed for the small structures is much less 
than that of the hub structure and therefore the land cost for all structures can still be estimated as 
5 million dollars. For a cost summary, the land needed for the creation of the EEBTS is about 5 
million dollars and the 5 proposed shelters will be approximately 75,000 dollars. 

 
 

APPENDIX H - PROJECT REQUIREMENTS 
 
A) Mission Requirements 
 

1. The Team shall present what they believe to be the best solution to the 
 Route 50 traffic problem to a panel at the end of Systems 495 

1.1     The Team shall use a customized utility metric for comparing the various 
methods of transportation 
1.2     The Team shall present a halfway presentation at the end of Systems 490 

1.2.1     The halfway presentation shall define what is to be simulated and 
modeled for Systems 495 
1.2.2     The Team shall give weekly update presentations in 490 

1.3     The Team shall present an estimated budget for the construction and 
implementation of the proposed solution 
1.4     The Team shall present an estimated time frame for the construction and 
implementation of the proposed solution 
1.5     The Team shall use weighted values per stakeholder evaluations and contacts 
when making a decision 

2. The Team shall incorporate previous studies into their research 
3. The Team shall do their own independent first-hand research 
4. The Team shall draft a schedule for the implementation of the chosen solution 

 



 

5. The Team shall draft a budget for the implementation of the chosen solution 
6. The Team shall work with the professor to create a presentable document to the Anne 

Arundel County government. 
7. The Team shall present their findings in a final technical paper at the end of 495 
8. The Team shall create a poster for the end of 495 

 
B) Mission Requirements 
 

1. The system proposed must alleviate traffic between US-50/301 to Washington DC such 
that it reaches a Level of Service [LOS] D or better upon completion 

2. The proposed system shall meet MDTA safety guidelines 
3. The proposed system shall meet US transportation guidelines 
4. The proposed system must maintain a LOS D or higher 

4.1.  The proposed system must be capable of maintaining a LOS D until at least the 
year 2040 

5. The proposed system shall decrease or maintain the current variance of delay along the 
route 

6. The proposed system shall decrease or maintain the current carbon emissions along the 
route 

7. The proposed system shall decrease or maintain the current passenger capacity along the 
route 

 
 

APPENDIX I - RISK ANALYSIS AND MITIGATION 
 

RISK CAUSES EFFECTS MITIGATION 

Failure of Preliminary 
research in schedule 
time 

● Poor time 
management 

● Delay of 
project 

● Set research 
goals for pre 
research 
ahead of time. 

Failure of Budgetary 
Analysis in scheduled 
time 

● Inability to 
accurately 
estimate costs 

● Poor time 
management 

● Delay of 
project 

● Unable to run 
utility metric 

● Delay of 
Stakeholder 
and Solution 

● Set 
specification 
goals (know 
when to start 
doing the 
math/stop 
doing the 

 



 

Analysis math) 
● Weekly goals 

Failure of Solution 
Analysis in scheduled 
time 

● Inability to 
accurately 
determine 
specifics of 
the solution 

● Poor time 
management 

● Delay of 
project 

● Unable to run 
utility metrics 

● Delay of 
stakeholder 
and solution 
analysis 

● Set 
specification 
goals (Limit the 
scope) 

● Stick to our 
chosen 
solutions 

● Set weekly 
update goals 

Failure of 
Stakeholder Analysis 
in scheduled time 

● Inability to 
openly 
communicate 
with 
stakeholders 

● Poor time 
management 

● Delay of 
project 

● Unable to 
gauge 
weighting of 
utility metrics 

● Delay of 
solution and 
budgetary 
analysis 

● Maintain 
weekly follow 
ups with 
stakeholders 
(don’t let the 
communication 
lines grow 
cold) 

● Plan questions 
ahead of time 
to not waste 
time 

Failure to come up 
with a utility metric 

● Failure to 
accurately 
communicate 
with 
stakeholders 

● Poor time 
management 

● Delay of 
project 

● Inability to 
compare the 
solutions on 
an even 
basis 

● Maintain 
communication 
with 
stakeholders to 
find weights 

● Ensure 
budgetary and 
solution 
analysis tasks 
are completed 
for each 
solution 
pursued 

Failure to complete 
Feasibility Analysis 

● Poor time 
management 

● Lack of 

● Delay of 
project 

● Overworking 

● Guarantee the 
elimination of 
solutions 

 



 

information on 
solutions 

of second 
phase 

● Limit number 
of solutions for 
second phase 

● Ensure 
thorough 
completion of 
previous 
phases 

Failure to complete 
Utility Analysis 

● Poor time 
management 

● Lack of utility 
formula 

● Lack of values 
for final 
analysis 

● Lack of final 
decision 

● Delay of final 
presentation 

● Ensure a 
doable number 
of solutions 

● Ensure 
previous 
analysis 
phases are 
completed 

Failure to make a 
Selection 

● Poor time 
management 

● No utility 
function 

● No final 
solution to 
present 

● Failure of the 
project 

● Ensure 
completion of 
previous 
phases 

● Ensure open 
communication 
with 
stakeholders 

● Ensure 
accuracy of 
utility metric 

Failure of a proper 
presentation 

● No rehearsal 
● Poor 

information 

● Failure of 
portraying 
work done 

● Failure to 
inform panel 
and other 
viewers 

● Ensure 
rehearsal of 
presentation 

● Ensure 
constant 
reviews 

Failure to create a 
final paper 

● Lack of 
information to 
fill out full 
paper 

● Not following 

● Failure of 
previous step 
completion 

● Failure to 
have proper 

● Create proper 
outline 

● Proofread 
upon 
completion and 

 



 

proper 
guidelines 

formatting after each 
section’s 
completion  

 
 

RISK SEVERITY Probability Score 

Failure of 
Preliminary 
research in 
schedule time 

10 0.3 3 

Failure of 
Budgetary Analysis 
in scheduled time 

8 2 8 

Failure of Solution 
Analysis in 
scheduled time 

10 1 10 

Failure of 
Stakeholder 
Analysis in 
scheduled time 

5 5 25 

Failure to come up 
with a utility metric 

7 3 21 

Failure to complete 
Feasibility Analysis 

6 2 12 

Failure to complete 
Utility Analysis 

5 6 30 

Failure to make a 
Selection 

4 3 12 

Failure of a proper 
presentation 

10 5 50 

Failure to create a 
final paper 

10 5 50 

 

 



 

 
 

 
APPENDIX J - PROJECT MANAGEMENT 

 
A.  Project Overview 
 

The overall project timeline spans from the beginning of the Fall 2018 semester until the 
end of the Spring 2019 semester, totalling 38 weeks. Because of the gap between semesters and 
the assumption students will be too busy during finals week to continue work on the project, six 
weeks are removed from the total. Thus, there are 32 weeks in which resources can be allocated 
to perform the required tasks. The team consists of five members, which is one greater than the 
standard group size. Figure 34 shows the project Gantt Chart that outlines the tasks required for 
completion.  

 

 
Figure 67: Gantt chart 

 
 
B. Earned Value Metric 

 

 



 

The Earned Value Metric (EVM) shown in Fig. 68 depicts the Planned Value, Earned 
Value, and Actual cost for the project so far and is broken down weekly. Planned Value (PV) is 
calculated by multiplying the percentage of the project that should be complete at a given time 
by the total budget. There were Earned Value (EV) is the percentage of the project that has 
actually been completed multiplied by the total budget. The Actual Cost (AC) for the project 
each week is the product of the hourly rate ($50) and the sum of hours worked by all group 
members. 
 

 
Figure 68: Weekly Earned Value chart 

 

 
Figure 69: Monthly Earned Value chart 

 

 



 

The plateau from the 6th of December to the 24th of January can be explained by the gap 
between Fall and Spring semesters. The team battled to correct the focus of the project toward 
the end of the first semester, which manifested as a gap between the earned and planned values. 
The sudden rise in actual cost nearing the end of the timeline was the result of more hours being 
worked by the team than anticipated. 
 
C. Pert Chart 
 

 
Figure 70: PERT chart 

 
Figure 70 shows the PERT chart for the project which show the entirety of the project 

being broken down into two segments, one per semester. With repeating tasks, the only 
difference between the two is the second part. The section includes simulation and analysis and 
ends in a final deliverable to be discussed and presented at the end of Systems 495. 
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