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SEOR699 – MCM Analysis
[bookmark: _Toc469001821]Introduction
[bookmark: _Toc469001822]Abstract
The objective of this project was to create a simulation model that allows the sponsor to evaluate transportation to National Harbor during the Marine Corps Marathon Expo. The system was to be validated with real data that would be collected during the 2016 Expo.  Once validated, the model could be used to evaluate the transportation experience when varying the number and location of shuttle buses to National Harbor.  It could also be used to examine the impact of the new casino on the transportation and parking availability in the area which is scheduled to open in December 2016.   The transportation simulation was developed to vary many physical parameters of the system.  These entities include the traffic in the National Harbor region, the number of buses available, specific bus schedules and bus capacities, the distribution over time of people entering the system, and the watercraft schedule. These inputs can be changed manually.

The simulation was developed using the ExtendSim tool, one of the industry standard tools for discrete event simulation.  In addition to raw data, the model can provide statistical results including mean, standard deviation, confident interval, and relative error.  An Excel VBA script was written to assist the analyst with estimation of the number iterations required to obtain a desired confident interval.  The VBA analysis can also process model raw data and generate the average expected traffic time over each half hour period, along with the standard deviation.

Given the number of shuttles supplied by the Marine Corps Marathon Office for the 2016 Expo, they would have been able to, within their stated constraints on what qualifies as accepted transit time, handle half of the expected Expo participants. In addition, they would have been able to handle a significant increase to their participant pool without hitting the upper limit of the transit time constraint. 

[bookmark: _Toc469001823]Background
The Marine Corps Marathon is one of the largest marathons in the United States. It is held annually on the last Sunday of October. The race starts on the Virginia side of the Potomac River, continues over to the streets of Washington DC, finally crossing over the Memorial Bridge to finish at the Marine Corps War Memorial. While the race, sometimes called the ‘People’s Marathon’, promotes physical fitness, it also serves to encourage community goodwill and display the organizational skills of the United States Marine Corps.
Every year about 30,000 registered runners participate in this event. Marathon participants pick up their runner packet at the Health and Fitness Expo, held on Friday and Saturday before the race. Hundreds of sponsors participate at the Expo, setting up booths where vendors can sell athletic gear to attendees, sign them up for different programs or collect for charity. The Expo both provides funds for the Marathon, and provides a pleasant experience for the runners. In prior years, packet pickup had been at either RFK DC Armory or Verizon Center. Beginning in 2016 the Health and Fitness Expo will be held in the Gaylord Convention Center at National Harbor.

[bookmark: _Toc469001824]Problem Statement
The Marine Corps Marathon Office (MCMO) places a high priority on having every runner’s experience - both at the race and at packet pickup - be a pleasant one. Because the new location has insufficient parking space, MCMO will provide shuttle buses between National Harbor and three Metro stations (i.e., Eisenhower, Van Dorn and Branch Avenue Metro stations). Runners may also take advantage of the new Metrobus service that provides service from Alexandria to National Harbor. Those who decline use of shuttle buses or Metrobus are free to arrive by other means of transportation such as: personal vehicles, taxi, Uber/Lyft or the water taxi from Alexandria. The participants’ choice of transportation mode will affect the transit time for all participants.
Based on data collected on runner behavior during packet pickup, the MCMO assumes that participants will arrive for packet pick up at roughly the same time/day as they did in previous years, while using a variety of means to get to the Gaylord Convention Center at the National Harbor. However, there is great uncertainty in how the participants will react to the change in transportation options for reaching the new location. There is great concern that difficulty in reaching the Gaylord may decrease either the amount of time that runners spend at the Expo or decrease their willingness to participate in the race in future years.
Since it is expected that the Gaylord Center will host packet pickup for the next ten years, the MCM organizers want to understand how to best handle transportation for this new location. To do this the MCMO needs to better understand traffic patterns on the roads that lead to the National Harbor, the availability of parking throughout the day, and the Expo participants’ transportation preferences. The problem statement specifies a need for a model to determine the impact of shuttle buses on the overall experience and the model needs to be able to predict the impact on travel time as the number or timing of the shuttle service changes. 

[bookmark: _Toc469001825]Scope
The scope of this modeling effort is to assess the impact of the MCM event that takes place at the National Harbor on October 28 and 29. The MCMO has provided the team with some historical data related to the behavior of participants at previous Expos. The simulation model of this study focuses on the sections between the three metro stations- Eisenhower, Van Dorn, Branch Ave - and the National Harbor. The analysis will include the traffic delay on 495S, 495E, and National Harbor Blvd as well as the predicted length of time that it takes for travellers to arrive once on the shuttle buses.  Originally, it was assumed that the model would vary with the length of stay at the Expo based on the wait times, but data to model this variability was not available.

The following tasks will be performed by the GMU MCM Team:
· The GMU MCM team will identify what other data is required for the model and will work to acquire additional data where possible. 
· The GMU MCM team will create a supplementary model in parallel to the model being created by the MCM.
·  The GMU MCM team will, where possible, suggest alternative data collection strategies to the MCM office.  
· The GMU MCM team will validate their model with the data collected, if available, after the Marathon. 
· The GMU MCM team will generate what-if analysis for scenarios of particular interest to the MCMO.
· The resulting model, once validated, will allow the MCMO to generate precise what-if scenarios for future years. 

[bookmark: _Toc469001826]Literature Review
[bookmark: _4d34og8][bookmark: _Toc469001827]Using Traffic Modeling to Explore How Congestion Information Affects Traffic
Master’s Thesis. (GMU Thesis)
Author: Smith, Jennifer L 
http://mars.gmu.edu/handle/1920/10313?show=full
This paper suggested that social media can assist in determining the traffic patterns used by participants in major events and can be used to supplement other more standard data collection efforts.  This social means of communication provides participants with instant feedback about other participants’ transportation experience and will often suggest alternate routes that may avoid some of the expected traffic on the packet pickup days.
[bookmark: _Toc469001828]Median opening/closure techniques for special event traffic control
ITE Journal 
Author: Metzger, David N.
http://search.proquest.com.mutex.gmu.edu/docview/224866336?accountid=14541
Given the number of participants expected at the MCM packet pickup and expo, MCM organizers should examine if there are alternative traffic flow suggestions that could reduce the shuttle bus traffic.
Exploring Engineering, An Introduction to Engineering and Design, Volume 2
Authors: George Wise, Philip Kosky, Robert T. Balmer, and William D. Keat
This book was used to assist in modeling the traffic patterns, determining the correlation between road density and car speed

[bookmark: _Toc469001829][bookmark: _Toc465252231]Overall Solution Technology
The overall solution technology implemented in this project is the use of a discrete-event simulation model. The model will simulate the traffic patterns, simulate the shuttle schedules, report the resulting time required to arrive at National Harbor when using the shuttles provided from the three metro locations andreport the traffic that cars are likely to experience once they have arrived at the National Harbor exit from 495 to National Harbor. The modeling approach and results from analysis are discussed briefly in the modeling and analysis sections, respectively.

[bookmark: _Toc469001830]Assumptions
[bookmark: _Toc469001831]General Assumptions
The team, under advisement from the MCMO, has come up with the following assumptions on the transportation options:

1. The water taxi will not have any meaningful impact on the traffic. While the idea of avoiding the ride entirely, and giving the runners an amphibious approach to the Expo was appealing to the MCMO initially, there were two major issues with the plan. One, parking at Alexandria was deemed insufficient for the task. While this could have been addressed with allocating some of the available bus resources to assist in shuttling runners from the local metro stop to the waterfront, the second major issue was that of insufficient resources to make this usable. Two, the single water taxi can handle about 100 attendees to and from the Expo every three quarters of an hour. Given that the number of attendees was expected to be more than 50,000 this mode of transportation was rejected.  

2. Cycling will not have any meaningful impact on traffic. While it is an option, there does not exist any  Capital Bikeshare units at the National Harbor for ease of use, nor is there infrastructure in place for a large area to park bikes

3. We do not currently consider major traffic accidents on the roadways near the National Harbor that could close or significantly reduce traffic on Route 495.  The model will consider the normal traffic including minor accidents that cause short delays as cars move around an accident.  Other accidents, causing larger delays, will be treated as a low percentage chance that it will happen on the day.  The probability of this is taken from data from the police organization responsible for that area.
The parking lot at National Harbor will not begin at full capacity.  While we will not have the actual number of available parking spaces, we know that some spaces will be occupied by other visitors at  National Harbor during the Expo.  Given that the Expo starts in the morning, we assume that capacity will be somewhere between 50 % and 75% of all spaces available for Expo attendees.

The team has been informed that the hired shuttlebuses will be managed in real time by a representative of the company, who will have the ability to reroute & redistribute bus allocation as needed - this means that, if it turns out that the Van Dorn metro station, for example, has an influx of attendees, an outgoing bus can be rerouted to Van Dorn to help ease the situation.  This has been taken into account in our model, with the ability to distribute the ‘bus pools’ almost instantly.  These buses also exist in a separate pool from the Metrobus pool.

The team realizes that attempting to simulate all general traffic in the DC Metro Area is beyond the scope of this project.  In addition, the team is not able to model the starting point of every attendee.  Therefore, the team is only concerned about the traffic on 495S, 495E near National Harbor, and the traffic on National Harbor Blvd.  For the purpose of the simulation the attendees will only enter the system when they arrive at either one of the bus pickup locations, in which case they will need a shuttle.  Alternatively, we consider the traffic pattern of those arriving by car or by taking a taxi or Uber as the time that is required to traverse the roadways near the National Harbor.  Similarly, the model will assume that each water taxi will arrive with a certain percentage of its passengers using this means of transportation to get to the Expo.  The transit on the metro is not tracked, and any sort of metro delay or other impact is not currently simulated.  Finally, the user will exit the system once they exit National Harbor - their commute to their destination is not tracked.

[bookmark: _Toc469001832]Modeling Assumptions
The model was built based upon the scope and assumption listed above and the data available during the semester.  It is, therefore, essential to fully understand the assumptions before reviewing the final results.

· Gaylord parking availability for MCM event – 650
· While there are three different parking garages available at the National Harbor, those marked specifically for the MCM event total to 650
· Metro parking will not be an issue
· We do not have the data to support where the runners are coming from; there are too many options, so out of necessity we must assume that the attendee does not have an issue reaching any of the public pickup points.
· People will spend about 40 minutes on average at the event, with variation as a triangular distribution (25, 40, 90) 
· This is taken from the data from previous years; after the Marine Corps Marathon takes place there should be a survey that will attempt to identify actual attendee time.
· Runners and their accompanying guests will be arriving at the Expo together and therefore using the same means of transportation.  The model also assumes that participants will use the same transportation mode when arriving and departing.
· The team observed first hand that there were a number of participants who took an alternate option leaving the Expo (such as arriving via Metrobus and leaving by way of water taxi) through interviews done on the days of the Expo.  However, there was no prior data involving this statistic and no easy sleight of hand means to estimate this at this time.
· Attendees will exhibit similar patterns of arrival time to previous years 
· This assumption was passed down to the team from the MCMO office.
· For the driving distribution of attendees, it is assumed that an equal amount will arrive at the Expo from Maryland and Virginia.
· We do not have the data that shows the distribution of attends arriving from Maryland and Virginia. Therefore the team made an equal distribution assumption for modeling purposes.

[bookmark: _Toc469001833]Methodology
[bookmark: _Toc469001834]Data Collection
The team set out to determine which other groups may have data relevant to the simulation, and decided to reach out to several local organizations, such as the National Harbor local organization itself, the MGM casino, and the Gaylord National Harbor Resort.

The team looked at the existing conventions and exhibitions that took place at National Harbor by going through the advertised or scheduled events at the Gaylord National Harbor Resort.  From these, the team looked for any expo or convention that had a posted number of participants that were greater than ten thousand participants.  An email - or other means of communication if email was not available - was sent out to every expo belonging to this set. Unfortunately, the team only received two responses to these inquiries – one apologizing for the lack of information and the other asking the team to share any suggestions formed from the model because their organization ran out of parking earlier in the year. 

In order to time the bus routes and likely vehicle travel time to National Harbor, the team utilized Google Maps to determine the traffic severity and expected travel time from the beltway exits to National Harbor, and from the Metro stops to National Harbor.

Static variables were more easily found. The National Harbor Transportation website had the number of available parking spaces in the area. The Washington Metropolitan Area Transit Authority (WMATA) site contained parking information at each of the stations.  The water taxi at Alexandria had the ferry schedule and passenger limit.  These variables were easily scraped from the websites.

Two members of the GMU MCM team went to the Expo to observe the event first hand and to collect input data. The data was gathered by watching the incoming buses at National Harbor, surveying the available parking spaces at the Gaylord throughout the day, and observing the level of the crowds at the area. Participating members of the team also gathered additional information by interviewing vendors and sponsors, as well as attendees of the Expo about their overall experience.

Based on the observations of the team members, the level of the crowd was relatively high on Friday’s Expo compared to those that attended on Saturday. Parking spaces were also heavily occupied throughout the day. Even though there were shuttle services and Metro buses serving National Harbor, the team learned that a majority of the attendees used personal vehicles, while some opted for the water taxi. It was observed that the shuttles going back and forth between the metro stations and Gaylord convention center were underutilized. 

[bookmark: _Toc469001835]Traffic Data
While the GMU MCM team has not been provided with data related to the traffic patterns at the National Harbor, the team used available websites which allowed the team to access traffic cameras in order to assess traffic on roads 495S, 495E and National Harbor Blvd. for modeling purposes.

The team collected traffic data by counting cars on roads 495S, 495E and National Harbor Blvd. at three different times on the days of packet pickup. The table below shows the data obtained by counting the cars passing on each road at each 15 minute via Traffic camera on Saturday, the second day of the Expo.

[image: ]
Figure 1. Number of cars at each 15 minute


[bookmark: _Toc469001836]Transportation Options
The MCMOhas maintained a good level of communication with their attendees, and as a result they were confident in changing the schedule of the shuttle service and informing the attendees through a series of emails.  The initial options of getting to the National Harbor included the water taxi, driving one's own vehicle, and using the very limited Southern Avenue Line bus.  However, as soon as it was learned that the MGM casino would not allow participants to the Expo to use their empty parking lot (which could hold up to 5000 vehicles), a warning of limited parking was communicated to all participants. 
	
The next option proposed by the MCMO was to hire a shuttle bus company to ferry travelers from two Virginia metro stops into the National Harbor.  When it was pointed out that there were no Maryland metro stops, additional buses along with a third metro stop - this one in Maryland - were added into the mix.

There was some discussion about making use of the harbor at the National Harbor to transport large numbers of attendees across the bay from Alexandria to the Expo and back, but this option was deemed to be infeasible.

Less than a week before the expo, another option was added and communicated to the attendees.  The NH1 and NH2 Metrobus routes were modified for the Expo event by opening three additional metro stops, ending at the National Harbor, for bus travel.

In addition, a deal was cut with the ride-sharing service Uber to try and assist with the parking issue, with special pickup/drop-off areas set up at the Gaylord National Resort plateau. Uber agreed to offer discounts to MCM participants.
 
Finally, there are several bicycle paths that lead to National Harbor, going alongside, but on a separate path, from vehicles. This was mentioned as an option but not endorsed by the MCM office. At the time of the expo, the final transportation options included ride-sharing services, self-driving, cycling, WMATA busing, special expo busing, and the water taxi.

[bookmark: _Toc469001837]Tools
SurveyGizmo, a free survey hosting website, was used to generate the survey, which was then distributed to the MCMO. The simulation model was developed using ExtendSim simulation tool and the analysis was completed using Microsoft Excel.  


[bookmark: _Toc469001838]SurveyGizmo
SurveyGizmo is an online survey software with a wide variety of options for survey generation.  After comparing it to the other popular survey tool options, such as SurveyMonkey, this tool was selected because of its ease of use and unlimited number of survey results for the free version.

More advanced versions of the tool allow for greater control of the survey questionnaire, but given that the MCMO was to be given control of the survey, with the GMU team’s  as a base model, additional functionality was not deemed necessary. 

[bookmark: _Toc469001839]ExtendSim
ExtendSim is a discrete event simulation tool that is used to predict the effect of changes on existing systems and assess the behavior or performance of potential new systems. It captures metrics of each entity as it flows through the system and exports the data to an internal database where the user can export the results to an external file to perform statistical analysis.  The tool also has a plotting capability that displays the results while running the simulation.  Users can run the model with or without the animation.  While animation allows users to verify the flow of an entity, it substantially increases the time required to complete the simulation. The MCM team intends to debug the model using the animation capability and turn off animation when obtaining simulation results.  

Tool version: 9.2

Tool Website www.extendsim.com

A demo version of the tool can be downloaded and installed to run the model.  The model cannot be changed or saved, however.

[bookmark: _Toc469001840]Microsoft Excel
An Excel spreadsheet stores both the model inputs parameters and the simulation outputs.

At the beginning of the simulation, the model imports all parameters from the spreadsheet into its internal databases. Upon completion of the simulation, the internal database of ExtendSim can export the output into an Excel readable format, such as csv.

[bookmark: _Toc469001841]Model Formulation
The followings sections describes the model formulation including details of the main logical steps implemented in the model

[bookmark: _Toc469001842]Model Inputs
[bookmark: _Toc469001843]Means of transportation utilized by runners
The figure below shows the percentage of Expo attendees using different means of transportation to get to National Harbor. 

[image: ]
Figure 2. Attendees Transportation Options

The data was based on the actual data from the Expo that occurred on October 28,2016.  The data was summarized and provided by the MCMO.

Due to a lack of available data, it is currently assumed that the percentage of attendees driving from VA is equal to the percentage of attendees driving from MD.  What-if analysis will be performed on these parameters to assess their impacts.




[bookmark: _Toc469001844]Supporters
The percentage of supporters who traveled with a runner is shown below:


[image: ]
Figure 3. Supporters Travel with each Runner

The MCMO was not able to compile this data from recent event in time for the team analysis, the team is  leveraging the pre-event survey results, which was conducted by the MCMO.

[bookmark: _Toc469001845]Half-Hourly Arrival Rate
Based on historical percentage half-hourly arrival rate and the actual percentage of people who  arrived at different block of hours (10am – 12pm, 12pm – 6pm, and 6pm – 8pm), the percentage of people that arrive at the pickup location at different half-hour are estimated as shown below.

[image: ]
Figure 4. Percentage of Hourly Arrival 
For people using metro bus, their arrival schedule will follow Metro schedule as shown in figure 5:

[image: ]
Figure 5. Inter-arrival Time 


[bookmark: _Toc469001846]Other Input Parameters
Table 1 below shows other parameters that are used in the model. The MCMO will run shuttle buses from the Eisenhower, Van Dorn and Branch Avenue Metro stations. The number of buses assigned and their capacity is given in the table below. Metro buses NH1 and NH2 are not implemented in the model due to unavailability of data.


	Parameter
	Value

	Number of Eisenhower Bus
	22

	Number of Van Dorn Bus
	13

	Number of Branch Ave Bus
	15

	Bus Capacity
	55

	Number of Parking
	650


                                                                     Table 1. Model Parameters 
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[bookmark: _Toc469001847]Model Topology




[image: ]

                                                                                                                            Figure 6. Model Topology 


[bookmark: _Toc469001848]Model Outputs
The model will output the following data:
· Travel Time 
· Dwell Time
· Participant arrival time
· Road density – 495E, 495S, Harbor Blvd
· Number of people riding on each bus

[bookmark: _Toc469001849]Main Logics Implemented in the Model
There are four main components of the model.  They are detailed as follows.

[bookmark: _Toc469001850]Inter-Arrival time
Inter-arrival times for cars and rideshare are derived from the half-hourly arrival data from the model input section.  

Inter-arrival time for people using the metro bus is based on the metro arrival schedule.  The question of interest would be the number of participants who ride on each arriving train.  This data can be derived from the metro arrival schedule and expected arrival rate of participants.

All inter-arrival times are implemented as exponential distributions in the model.

[bookmark: _Toc469001851]Bus Departure Condition
At each station, shuttle buses will depart every 10 minutes or when full.  When arriving at National Harbor the bus will unload, and when either 10 minutes pass or the bus becomes full, return to the station.

The delay is implemented as triangular distribution with min = 8, mean = 10, and max. = 12. Figure 7 shows the ExtendSim screenshot of the bus logic 

[image: ]
                                           Figure 7. Bus Logic Implementation in ExtendSim

[bookmark: _Toc469001852]Traffic
The major algorithm in the model is the traffic delay.  When a vehicle entering a section of the road, the model needs to determine the delay for that vehicle.  There are many factors that could impact the vehicle delay including current road density (number of cars on the road),  speed limits, normal road density, and road capacity 

From the book “Exploring Engineering, second Edition, An Introduction to Engineering and Design” in Chapter 13 “Kinematics Engineer”, there is a relationship between road capacity (cars per hour), car speed (mph), and density (cars per mile) where:

Capacity = Speed x Density

It is also determined that the optimal number of car lengths between cars can be derived based on the following formula:

Number of car lengths between cars = speed (mph) / 10 (mph)

The above formula is called “Follow Rule”. Figure 8 displays the relationship between speed and density.  

[image: ]
Figure 8. Speed & Density Relationship 


Given that the roads of interest for this analysis are 495E (3.3 mi), 495S (6.4 mi) and Harbor Blvd (0.7 mi), the Effect of Follow Rule curve can be generated for each of these roads as shown in Figure 9, Figure 10 and Figure 11 respectively.
[image: ]
Figure 9. Effect of Follow Rule for 495E 



[image: ]
Figure 10. Effect of Follow Rule for 495S 

[image: ]
Figure 11. Effect of Follow Rule on Harbor Blvd.



As a vehicle arrives at any of these roads, the model captures the current road density, maps against the Effect of Follow Rule curve to determine the vehicle speed, which is then used to calculate vehicle delay time.

At the beginning of each hour, the model initializes the normal traffic on each road.  This data was obtained from counting the cars passing on each road at each hour via traffic camera.  It can also be derived using the Effect of Follow Rule curve and the road delay gathering from Google map. The figures below show the typical traffic delay charts.

[image: ]
Figure 12. Typical Traffic Delay on 495E 

[image: ]
Figure 13. Typical Traffic Delay on 495S 


[image: ]
Figure 14. Typical Traffic Delay Harbor  Blvd


[bookmark: _Toc469001853]Parking Availability
It is assumed that a parking space will be released when all people sharing the same car complete their time at the Expo.

[bookmark: _Toc469001854]Model Validation
Due to data limitation, the team is not able to fully perform model validation.  However, they were able to validate the model against two set of data: the percentage of people attending the Expo at each hourly block and the average percentage of shuttle bus capacity usage.  
[image: ]
Figure 15. Model Validation – Percentage of People Attending the Expo

[image: ]
Figure 16. Model Validation – Shuttle Bus Capacity Usage
[bookmark: _Toc469001855]Model Outputs
The model stores the simulation results in its internal database, where data can be exported to external file for further analysis if desired.  The metrics captured by the model are listed below.  Additional metrics can be collected, however, it might require model modification.

· Attendees arrival time
· Road density (495E, 495S, National Harbor Blvd)
· Number of people riding on each bus
· People travel time  – including delay on 495E, 495S, and National Harbor Blvd
· People dwell time

In additional to the raw data, the model also provides summary statistical results including mean, standard deviation, and confident interval.  Due to time limitation, we are only able to analyze the people travel time and shuttle bus related data.  Table 2 below shows the baseline of travel time of attendees using different means of transportation.  The model was executed for 50 iterations.

[image: ]
                                                                     Table 2. Simulation Statistical Results 

[bookmark: _Toc469001856]What-If Analysis
One of the concerns from the MCMOwas whether the infrastructure surrounding National Harbor can support the number of runners and their supporters.  To assist the MCMOwith the analysis, the team first executed the model with the current number of attendees, then increased the number of attendees by 10%, 25%, and 50%.  For each scenario, the team analyzed the impact on the travel time and the number of people riding on each shuttle bus.

Figure 17 below shows the average travel time of people across different means of transportation
[image: ] 
Figure 17. What-If Analysis – People Travel Time
As expected, the travel time increases as the number of people increases.  At a 50% increase, the travel time can reach three hours for people riding Eisenhower or Van Dorn shuttle buses.

The team also analyzed the average number of people riding on each bus.  Eisenhower and Van Dorn buses will reach the 55 person capacity when the number of attendees begins to approach the 50% increase mark.  Reach the capacity offers an explanation for  why the travel time at Eisenhower and Van Dorn increase significantly compared to other vehicles.

[image: ]
Figure 18. What-If Analysis – People Riding on each Shuttle Bus
[bookmark: _Toc469001857]VBA Analysis
The ExtendSim results are exported from the internal database and placed into an Excel file for analysis.  The first step taken is to duplicate the results tab to preserve the initial data.  Next, two columns are added at the front of the chunk of data - Hour and Minutes.  These are calculated from the analysis start time.  Next, on the analysis tab, there is a table used to calculate the average delay time and total travel time for each vehicle, per half hour. 

The team had previously used a Python script to generate a duplicate column of the travel time for each vehicle, with the vehicle’s corresponding average travel time used.  Upon review, it was decided that utilizing VBA was more desirable given that it can be run internally within Excel.  Once this is done, the standard deviation is calculated from this new column for each vehicle type.

Finally, the necessary sample size & number of simulations required is calculated from the z-score and standard deviation for our desired t-confidence interval. 

The team has taken steps to try and make the process as automated as possible so that data can be quickly made ready for analysis.

Once a simulation is complete, the user can export it into an excel file.  The VBA script is run to generate a “Vehicle Averages” tab and an “Analysis” Tab.  The Vehicle Averages tab contains the  time in half hour periods along with, where applicable, the local, 495, harbor and total travel time for each means of transportation taken into account for the simulation.  This tab is then used by the Analysis tab to report the overall averages, the overall standard deviation, suggested sample size and suggested number of simulation for each vehicle type.

[bookmark: _Toc469001858]Recommendations and Future Works
Currently the MCMO is still compiling the data which would prolong full validation until after Christmas. Hence, the team wasn't able to fully validate the model before the deadline.  However, once the model is validated, several options become available, from “what-if” scenarios, to simulating the MGM casino input on the existing 2016 data. 

Several recommendations were passed along to the MCMO office during development of the simulation for how to handle the expected traffic to the harbor.  These included David Metzger’s suggestion on limiting the number of left hand turns to decrease traffic impediments, which was brought up to a discussion with traffic engineers working on the project, to the idea of increasing sponsor visibility by including advertisement on the shuttle buses for exposure. 

Based on the results of the simulation, it is recommended that current configuration for shuttle services is the optimal choice since the three metro stations cover the northern Virginia, Maryland and D.C metropolitan areas.

[bookmark: _Toc469001859]Conclusion
The team’s simulations revealed that, given the number of buses and frequency that they were going out, the shuttles were sufficient for handling up to a 50% increase of the expected participant pool of the event assuming that the percentage of people using shuttle buses stay the same.  In addition, the team found that a participant increase of 50% without altering any existing shuttle or watercraft reconfiguration would break the travel time restriction of three hours for those riding Eisenhower and Van Dorn shuttle buses.

[bookmark: _Toc469001860]Survey
The team prepared survey questions asking the participants about their experience at the day of packet pickup and Expo. The survey questions are as follows: 

1. What day did you attend the Expo at the National Harbor?
2. What time of the day did you leave for the National Harbor?
3. What transportation means did you use to travel to National Harbor on the day of packet pickup?
4. How long did it take you to arrive at the National Harbor?
5. How long did you spend at the Expo?
6. If you took the Shuttle, how packed was it?
7. If you traveled in a group, how many people went with you?
8. Did the transit to the Expo impact your enjoyment of it? If so, what sort if impact did it have?
9. Overall how did you enjoy the Expo?
10. If you attended previous Expos, how was the Expo in comparison to previous years?
11. What was your favorite booth?
12. Do you have any suggestions for next year’s Expo?

The MCMO has agreed to generate a survey which will include our survey questions, controlled by them, and distribute it to the participants after the MCM. The entire survey can be found on Appendix B of this document.
[bookmark: _Toc469001861]Schedule
The schedule of the project throughout the semester, and allocation of resources is shown in Figure 14. 

[image: ]
[image: ]
[image: ]
                                                   Figure 14. Project Schedule 

[bookmark: _Toc469001862]Appendix A
Initial model output showing dwell time, travel time, harbor delay,495 beltway delay and local delay

Note: These results are very preliminary.  Once receiving survey data from MCM, the model will be updated and new simulation results will be produced

Vehicle Type:
0 – Car
1 – Eisenhower bus
2 – Van Dorn bus
3 – Branch Ave bus
4 – Water Taxi
5 - Rideshare
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The following survery questions were prepared by the GMU MCM team and hosted on SurveyGizmo.
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