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ABSTRACT
Maguire, Aleksandra. M.S. The University of MemphiDecember 2009.
Microsimulation modeling of gate appointment stgiés at an intermodal rail terminal.
Major Professor: Martin E. Lipinski, Ph.D.

The purpose of this thesis was to analyze the patesffect of gate strategies in
reducing the impact of the newly expanded Burlingtdorthern Santa Fe (BNSF)
intermodal facility on the transportation networtfjaecent to the yard. The goal of the
research was to evaluate peak hour arrivals atgétte in a 24 hour period, and to
determine if scheduled truck arrivals can reliewomgestion at the gates and on the
surrounding roadway network. To understand thecesffthe yard will have on the road
network, the network was simulated using Paramizsddimulation Software. Using the
microsimulation software, three cases were evallugte Existing vehicle demand, (2)
Tripled truck numbers from expected future demand €8) Use of gate appointment
systems on increased vehicle demand. Results tedizsed on available data that gate
appointment systems alone will not have a signifigenpact on reduction of network

congestion.
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Section 1: Introduction

Freight movements in the U.S. are on the rise aaexpected to almost double
by 2035, with international shipments growing fast@n domestic shipments (Federal
Highway Administration 2007). Even with the recdotvnturn in freight volumes due to
recent economic conditions, forecasts are thagtiteiolumes will increase and will
result in substantial increases in congestion.lgh the rise in goods movements is
expected, little has been done to control freigimgestion. The intermodal industry
which involves more than one form of transportaiima single shipping sequence
(Intermodal Association of North America 2009.)e¥periencing significant congestion
and efficiency issues. Container movements at nmjdes, from ports to rail or truck, or
from rail to truck are the places where most fretglinsfers. Delays at these nodes are
increasing and they can cause delay in overalspartation to shippers, especially where
there are products that require just-in-time openat

A very distinct example of this issue and the impdc¢he growth in freight
movements at an intermodal terminal is illustrdigdhe rail-truck terminal of
Burlington Northern Santa Fe (BNSF) Railway Compamllemphis TN. In 2006
BNSF Railway began major expansion of its existimtgrmodal facility, increasing the
capacity from the existing level of 300,000 lifsrgyear to an ultimate capacity at full
build-out of more than one million lifts per ye&NSF Railway 2009). Additional space
and cranes will result in improved terminal opemas, but the expansion will generate a
significant increase in truck traffic entering agdting the site and will add to the

already congested road network around the termilited.microsimulation modeling



approach in this thesis used the BNSF Intermodaliteal expansion as a case study to
determine the potential impact of a gate appointragstem for relieving gate and
network congestion.

Improving terminal capacity and reducing throughjoue has been a focus area
for operators of intermodal terminals. Some ofrtieasures taken to improve functioning
of intermodal terminals are: use of new or existeghnologies, use of new larger cranes,
stacking containers higher, and reducing idlingetioh trucks at the gates with the use of
different gate strategies.

Efficient gate operations are crucial to intermddaight terminals since their
impact is not isolated to the efficiency of the @gt®ns within the terminal but also on
the road network on nearby arterials, freewaysaaoess ramps. Inefficient gate
operations can spill over to the surrounding roadmetwork causing serious safety and
congestion problems, degrading the reliability ppdormance of carriers, shippers, and
terminal operators. Since intermodal freight terasrtend to be located in or near major
cities where right of way is limited and very expete, implementing operational
strategies to reduce the effect of the truck-relégeminal traffic to the surrounding
roadway network becomes more important and motdesidian physical capacity
expansions.

Among the gate operation strategies being congidereelieve the impacts of
congestion and delay are:

- Gate appointment systems, which are reservatidersygsfor trucks that can
be made via phone or internet for times availablbeterminal, so that truck arrivals at

the terminal can be spaced out.



- Extended hours of operation for terminal gatesctviiave proven to be very
beneficial at ports because they improve througbpthe containers, but they also
require changes in port operations, as well asatipas of shippers, warehouses and
trucking companies. The implementation of the eaéehgate hours is also linked to peak
periods shipping charges to companies that chaosset those times.

- Advanced technologies at the gates and termindlghwnvolve the use of
new terminal operating systems and the use of nedemn equipment (i.e. cameras,
radio frequency readers on containers, fingerpaobgnition, GPS technology).

- Truck buffer areas, which are designed for theasibms when truck queues in
front of the gate reach the public road. The trdos public roads are then moved to a
truck buffer area, until the queues in front of gage are cleared out.

The research presented in this thesis is concedtmat evaluating the potential
impact of gate appointment systems on truck waiés at intermodal terminal gates. A
gate appointment system is used to improve gaigesfty by the scheduling of truck
arrivals throughout the day. In this way, truck\ais are not concentrated at just peak
hours, and terminals can use the truck arrivalrmédion to organize containers within
the yard, by the order of the arrivals. Reductibthe time trucks spend at the gate is
important since truck queues at the gates congigreatly to congestion problems at the
terminal area, and also congestion on the roadarktin urban areas. The environmental
impact from idling trucks is also of great concdsacause this may cause a significant
decrease in air quality. Reducing the time requicedhroughput is important, since
delayed trucks in the supply chain increases tta¢ tansportation cost, which

eventually is mainly passed on to consumers.



A number of marine container terminals (from nowreferred to as ports) are
already using gate appointment systems, and théoé of research published on the use
of appointment systems in different ports arourewiorld. Some terminals that are using
appointment systems are: The Port of Miami, The &ovancouver, The West Basin
Container Terminal at L.A., Evergreen L.A. terminBhe Port of New Orleans, The Port
of Georgia, The Port of Rotterdam (Euromax 2), @hd Port of Brisbane, Australia. The
Port of New Orleans (EPA Smartway Transportatiortrféaship) and the Port of
Vancouver have implemented mandatory appointmestesys (Port of Vancouver,

2009). Railroad companies use truck appointmerniesyswhen they are a part of a port
terminal system. Canadian National Railways usesiadatory appointment system at
the Brampton and Montreal terminals to deliver iokup steamship traffic (Canadian
National Railway 2009).

This research investigated the potential impagadé appointment systems for
improving congestion around intermodal rail ternsnaviicrosimulation modeling was
applied to a case study of the BNSF intermodalifga¢o determine whether or not a gate
appointment system would improve congestion legalthe surrounding roadway

network.



Section 2: Gate Strategies and Truck Appointment Stem

The railway industry recognizes that intermodapplmg is increasing, and more
terminals are being built or are expanding and awimg their operations efficiency to
serve this growing need. Goods that are shippetiffgrent modes of transportation
need to be delivered in a timely and efficient nerto meet door to door and just-in-
time delivery requirements. This requires the useneroad diesel trucks to move
containerized cargo and goods in and out of terisimdost trucks are operated by
independent owner operators or are part of a $fawttdrayage fleet. At the terminal
gates trucks form queues of idling vehicles at geaks of day. This creates significant
environmental and operational problem.

To improve overall terminal yard side-to-landsigetions, reduce congestion
at terminal gates and its resulting economic, dpmral and environmental implications,
alternative solutions have been proposed and ingtézd over the last few years. These
can be distinguished into two planning/control lsva) the strategic level (e.g. capacity
expansion), and b) the tactical/operational leged.(extending gate hours, appointment
systems etc). The latter strategy, which is the$oaf this thesis, is implemented with the
objective of reducing congestion at peak hour gisrimy evening out and controlling the
demand at the gate side of the terminal which @otti can reduce or even minimize the
stochasticity of the parameters that affect thel wate operations (i.e. time and sequence
of pick-up or delivery of containers arriving oaleng the terminal by truck). In
addition, overall roadway congestion could be leedeby some of the strategies, due to a
trickle-down effect (Cambridge Systematics 2008)oider for these strategies to be

implemented and be effective, further encouragemedtsupport needs to be provided to



the terminal operators through the developmenbbties, laws, and enforcement
strategies. Examples of such policies are the @ai#& Assembly Bill AB 2650 (Giuliano
and O’Brien 2007) and the Off-Peak Program crehieRierPass (Cambridge
Systematics 2009). As demand increases and opekdfioiency decreases at the
container terminals and the surrounding roadwawos, it is expected that more states

will follow this paradigm.

2.1 Gate Appointment Strategies

Gate appointment is a truck reservation system phawides a certain number
(limited by capacity of the terminal) of reservednsactions during a specified time slot
(usually one hour). Appointments are made by tbe of the Internet or by phone.
Modern distribution centers that are fully autondat@ve appointment systems for trucks
in use for pick up and drop off of cargo. An appoient system requires dedication of
shippers, drayage operators, and terminal operatoosder to be effective (Giuliano and
O’Brien 2007). Gate appointment systems can be e&ffegtive in controlling the random
arrival of trucks, modifying the peak hours of demaminimizing congestion of idling
trucks, and improving the utilization of the termiis: capacity (both at the delivery area
and the storage yard). In order for a gate app@ntnto be to be successful, further
strategies should be in place for processing theks# arriving before or after their
appointment time.

Methods of processing arriving trucks with appoietts differ from terminal to
terminal, as shown by the review of the curreetréture (Lord and Morais 2006). One

way of processing trucks with appointments is teehdedicated lanes. Faster processing



of trucks with appointments is assured if the coads inside the terminal are well
organized. Besides separate lanes, another mefhpydcessing trucks without
appointments is to gather them all in a marshalisugl and service them according to a
pre-determined pattern. This way all trucks withappointment have priority (Theofanis
et al.2008). When there are no dedicated lanesuoks with an appointment, the same
gueue can be used for all trucks, and trucks wiggoatments can be pulled out of line if
the wait time exceeds a limit for trucks with apgoients. To fully take advantage of an
appointment system, terminal operations must adsorganized, so that when a truck
makes an appointment, containers are ready forypcK o facilitate this objective
containers can be reshuffled the day before, onvinee is available, based on the
appointment schedule so there are no delays atdahaterchange area of the terminal

(i.e. area for pick-up and delivery of the contasnigy trucks).

2.2 Extended Gate Hours

In addition to a gate appointment system, the esgsabf extending the hours of
operations of the gates is another way to manageléimand patterns of truck arrivals
and avoid high concentration during peak hour miEridBoth strategies can exist in
isolation or can be implemented together to compleneach other. The latter strategy
allows the demand for processing containers tofdreasl out throughout the evening,
night, and even on weekends. This reduces theHd@d of congestion occurring during
peak hours. There are three main issues that dffecsuccessful implementation of the
this strategy: a) providing incentives to drayagerators that will encourage them to

utilize the extended hours of gate operations,dp)stment of hours and pay of workers



at the terminal (Giuliano and O’Brien 2007), andtfeg ability of delivery locations to

accommodate the truckers that pick-up containeringiuhe extended hours of gate
operations. Peak hour surcharges are an optiomctwueage traffic in off-peak hours. The
improved truck turn times (time it takes to go tgh terminal) within the terminal and
increased credibility of the terminal operator eeging the promised truck turn times,

could also facilitate the successful implementatibthis strategy.

2.3 Automation Technologies

Growth of freight and containerized traffic arouheé world has influenced industries to
use new and advanced automation technologies foagesment and operating systems at
intermodal terminals. Use of these systems inceegate productivity and overall truck
turn time through the terminal. Automated idengtion and container tracking is also
very important for security issues. New technolegiee a Terminal Operation System
(TOS), which manages every component of the termitheery individual terminal is
different and they all decide which technologiesytivant to implement within the TOS.
Technologies used at the terminal gate are:

- Optical Character Recognition (OCR)ich is used to automatically identify
containers, chassis information and truck plaenaty and exit gates, with the use
of cameras and scanners (loannou).

- Global Positioning System (GP&ed to identify container position anywhere
within a terminal

- Radio Frequency Identification Devices (RF&¥§ objects that wirelessly

transmit locations by radio waves. This systenseduo track trucks, containers



and cargo at terminals. It can also “pass inforomatit marine terminals from one
piece of equipment to another” (loannou 255).

- Closed-Circuit Television Camersused to monitor traffic and terminal
activities and gates.

- Bar Code Readers and Mounted Data Collection Coerpsitused to identify
containers at gates and anywhere else at terminals.

- Real-Time Location Systems (RThB&) used to track and identify location of
trucks and containers in real time using simplexpensive tags attached to
containers and devices that receive wireless sgnain these tags. They are used
to improve terminal gate congestion and help teahaperators manage
movements more efficiently. RTLS can also combinéotmation on queues and

traffic delays with terminals and delivery schedgli (loannou 255).

2.3.1 Automatic Gate System (AGS)

An Automatic Gate System or AGS helps establisbraection at gate terminals
between trucks and terminal operators. Truck hagdit the terminal gates is controlled
by the Gate Operating System (GOS). In order togs® the collected data,
communication needs to be established betweenuterner's advanced Gate Operating
System and the terminals application or usually TOSSMOS 2008). AGS uses
camera portals and optical recognition to reachtiaber on the container, search the
billing file to see whose cargo it is, and to detgre where it needs to go. Drivers can be

identified with fingerprints of the first two finge on the left hand, increasing security



and accountability. Workers, therefore, will noeddo be on the ground checking in

drivers.

2.3.2 Pacific Gateway Portal (PGP)

Pacific Gateway Portal is a nonprofit company apest by the Port of
Vancouver. PGP is a port user information systemeb based form. The information
available on PGP includes container status, vesseity, and real time video images
from both the port terminal side and also truck dnder identification. This system also
has an option of an appointment system for trucksdangerous goods applications. A
truck appointment system is in use at all thresniteals within the Port of Vancouver,
and is very successful. In order to make appointsnieack companies use the terminals
web page. Appointments are matched with transazti@termined by the terminal on the
basis of terminal capacities. Dedicated lanesratese for trucks with an appointment
(Pacific Gateway Portal 2008). An approved Truokelnsing System (TLS) License is
required by any party wishing to access Port ofddawver's property for the purposes of
draying marine containers to or from any of thenieals under the jurisdiction of Port
Metro Vancouver. Trucks without a TLS license aoéallowed to access Port Metro
Vancouver property (Port Metro Vancouver 2009).ckers also have to be in line at the
gate entrance at least 15 minutes before expirafitimeir reservation time. If trucks
arrive late they are required to go to the linetfacks with no reservation, or they will
need new reservation. There is no fee to use Hevation system, but there is a fee to

use the web portal.
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2.3.3 SynchroMet

SynchroMet is a virtual container yard service jev used at the Port of
Oakland, as an on-line service. It integrates ocaarners with motor carriers through a
virtual container yard (VCY) to perform mutuallyriedicial congestion management, to
reduce costs and to ease port and public road sbageThe SynchroMet™ service,
accessed through the Internet at www.synchromet.owhere “inbound containers can
be posted as empty street-turn opportunities artdhed in real time with off-dock
equipment needs to cover export bookings” (SynclegMsynchroMet reduces empty
truck miles and waiting time at local marine teraig) which has a positive impact on the

local environment.

2.3.4 SEA LINK

SEA LINK ®provides trucking companies serving the port of Néark and New
Jersey access to the regions highway system, lgeipgm move cargo to their final
destinations. SEA LINK is a uniform truck driver identification systemhich helps
trucks move more efficiently through terminal gat88A LINK © uses ACES
(Automated Cargo Expediting System) to send owtrinétion from truck drivers to

terminal operators (The Port Authority of NY &NJ).

2.3.5 eModal system
The eModal system applications focus on truck aadme terminal gate
interfaces. This system is designed to improveiefficy and deal with the congestion at

container terminals, so that it can reduce trucduing and idling (eModal 2009).
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eModal uses a common portal of container and exjmwking status information (US
Environmental Protection Agency). eModal has infation on detailed container status,
vessel schedules, terminal locations, truck diigés and other important terminal
information. Trucking companies and terminal oparatan also use eModal for a gate
appointment system. Trucking companies use itéegmprove their drivers for container
pick up and drop off. When drivers are pre-approe®ibdal sends this information to
terminals, which helps reduce the time drivers dpsrgates. With the possibility to
integrate all the processes online eModal helppé®d up transactions at terminals. The
only problem is that there needs to be greateraustthe system by trucking companies

in order to fully realize the system benefits.

2.3.6 Edge Manager Auto Gate

Edge Manger Auto Gate is developed by NAVIS, a paZebra Enterpriseolutions
and it is one of the leading solutions for autordajate systems. Gate transactions are
monitored with the use of different technologié® IRFID, OCR, GPS positioning,
reefer monitoring, e-seals and mobile computerbr@&nterprise Solutions, 2009).
Truck drivers use a self service pedestal to cleckerminal inspectors use mobile
graphical interface for checking the cargo that esito terminal. Edge Manager Auto
gate can be used with Navis Yard mangement or gieninal Operating Systems,

which provides easier and more integrated ovezathinal operations.
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2.4 Terminal Operating Systems (TOS)

Terminal Operating Systems are operating systeatsithnage the flow of containers
through terminals, ensuring the containers aregutgshipped and handled. There are
many companies which offer TOS services, but mbtem use specific functions of

terminal operations. The following section dessiB©S available for use on the market.

2.4.1 NAVIS (Yard Management)

NAVIS is an automated system which allows termoyarators to see what is happening
in real time from terminal gate to rail or vess#ltheir terminals yard. Paper based
systems and bar code based systems at yards abledb provide real time and up-to-
date automated information. NAVIS yard managemefttvare includes software for
dock and yard management, gate scheduling and atitomsecurity, container tracking
and visibility of property (NAVIS 2009). With thesa of NAVIS customers are served

better, operating cost of the terminal is lowered eapacity is increased.

2.4.2 COSMOS System

COSMOS System is a fully automated and integrgéed control and planning system
for terminals. COSMOS system has a lot of diffessftware that can be customized for
different yards or terminals. It can help optima&el automate operations like yard and
vessel planning, equipment control and trackingg gaministration, invoicing and
management reporting. COSMOS uses already avatabiponents of an individual

terminal to build the best possible terminal (COSBJOCOSMOS also provides gate

13



control and container tracking capabilities. Sofevarograms are linked so that a when
container is checked at a gate, all the contanfermation is used to plan activities
inside of the yard. Every time the container is sththe COSMOS system software is

updated (Lord and Morais 2006).

2.4.3 Embarcadero (ESC) System

ESC is a full service provider to marine, rail aniérmodal terminal operators, and it
offers technology software and integration servi&&3C automates intermodal
operations, providing integration of cargo handlamgl visibility inside and outside the
terminal. Web based tools used by ESC are VoyageKland webTAMS and they use
Differential Global Positioning System (DPGS), amdeless local area networks
(WLANS) to pinpoint the exact equipment positiordgrovide real-time communication
for the terminal operating software. ESC uses Reefppointment System (PAS) which
comes with VoyagerTrack, and this allows truck camps to schedule arrival
appointments at the gate. The other solution fr@€ i SmartGATE, which is an
automated terminal access solution, and it provigesralized gate transaction.
SmartGATE uses Optical Character Reader (OCR), R&hd GPS and technologies. A
unique feature feature to SmartGATE is Intellig€amera, a CCTV (Closed Circuit
Television) that improves the accuracy of OCR,ggvierminal operators better real time
images. With the use of this system productivityhaf gate terminal is improved, and the

yard security and safety is greatly enhanced (laodi Morais 2006).
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2.4.4 CATOS System

CATOS system is a fully integrated TOS which isduse72 container terminals
worldwide (Total Soft Bank 2009). Most of the temais that use CATOS are in Asia
(Thailand, Taiwan, Malaysia and Vietnam) and thayenbeen using it for more than 10
years. CATOS has capability to use one databaserder different terminals. CATOS
system is integrated with different parts of terahisystem which provides better system
optimization. CATOS system is interfaced with GAtegomation System, Gate Weighing

Scale, Crane Automation and Monitoring System aRtDRSystem.

2.4.5 Jade Master Terminal (JMT) System

Jade Master Terminal TOS is used in container teatsj rail company operations, bulk
and general cargo operations, log marshalling @sdel scheduling. It has been used in
New Zealand for past 15 years, in more than 15iters (Jade Logistics 2009). US and
Austarlia have started to use Jade TOS recentie I®S operates best in small or mid-
sized terminlas. Jade is installed on every temsicbmputer like any other program, and
it makes technology for terminals systems. Jadeoffen intergration for any part of
terminla system from gate to vessel scheduling. M®hologies like OCR, RFID, GPS
can be used with Jade TOS, and this techologiebeadded if terminal wants to use

them.
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Section 3: Case Studies and Related Literature

The impact of tactical/operational level gate styéts on drayage operation
efficiency is not very well understood, and is aseawhere researchers and practitioners
are becoming increasingly involved. This sectioovptes a detailed description of the

studies that have been published to date.

3.1 Simulation Studies

One of the first studies to appear on modelingrnhek arrivals at a marine
container terminal was by Sgouridis and Angeli®&302) who performed simulation
modeling of all the major processes and handlingpotainers arriving at a port, in order
to improve operational efficiency of the secondjést container terminal yard in Greece.
This paper focused on the service of the arrivinghts at the terminal. A discrete event
simulation model for the inbound arriving contamand their processes was developed
based on the existing conditions at the port. Tdtengial terminal improvements were
also considered in the model. The objective wasitomize the truck turnaround time
(TTT) and to better utilize available handling gaaent. Benefits of a computer
management system for yard operations were aldgzah The findings from the
modeling were that the arrival of trucks shouldobganized and evened out throughout
the day in order for the TTT to be minimized. THETTwas reduced by 15% with trucks
arriving evenly during the day. The use of a coraputanagement system was
implemented in the simulation, and the truck im@oga was improved with the use of

two instead of one import pads for trucks waitiogpe serviced. The organization proved
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to be very effective with 40% improvement of TThda24 % improvement of TTT with
heavier truck traffic.

Delay of trucks waiting at queues at port termingisaused by different factors,
some of which are large truck arriving volumes,rsbperation hours of ports and slow
gate processes (Juang and Liu 2003). A queuing Incaeapplied to study delay factors
by Juang and Liu at the A.P. Moller, Port Elizab&mminal (APM). The purpose of the
model was to analyze the needs for state legislati@xtending gate hours. Parameters
used in model are average arriving volume of truaskd service time at gate. Numerous
interviews and observations and terminal functieese used to come up with these
parameters. Trucks are arriving on random bastsratnal gates, and this arrival pattern
is represented with Poisson's distribution. The ehossults showed that when port
terminal has a low ratio of containers arriving logervice time, there are no queues.
Operations at port terminals should than be orgahweith fewer gates open and full
utilization of terminal equipment. Results from thedel also indicated that service time
is very sensitive, and any changes to service tiamecause huge delays (Juang and Liu
2003).

Impacts of appointment systems on drayage trudkieficy are not very well
known. A paper from The Logistics Institute of Ggiaron planning of container drayage
operations given a port appointment access systayks| at planning of drayage
operations. Planning is based on an “Integer progriag heuristic that explicitly models
a port appointment access control system” (Err@ch ldamboothiri 185). Real world
situations are represented by a set of hypothgircddlems that represent most accurately

behavior or the drayage companies. The model ischas the minimal transportation
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cost, to determine drayage company operations edupi and delivery. Drayage firm
operations are restricted by the port appointmeo¢ss system that the port is using. The
schedule for a driver of a drayage company is detexd on the basis of appointments
made to pick up certain numbers of containers dutire day, and best routes for a
drayage company with the use of appointments duhiegday. The research shows that
optimization of drayage operations is complicatgdadding port appointment access
systems. Access capacity provided by port terminalsimportant, since vehicle
productivity can be increased by 10 to 24 percdmmaccess capacity is increased by 30
percent (Errera and Namboothiri 2008). Drayage dimaed to schedule an appointment
by the demands of customers, and also to improstomer satisfaction. The length of
the appointment window is also important for drag/figns, and test results indicate that
reducing appointment windows by half can have §iggmt impact on drayage firm
functioning by reducing their ability to maintairpected levels of customer service.
Modeling of marine container terminals is also imaot in order to optimize all
the processes evolving at an intermodal terminalri#cal issue at marine terminals is
gate capacity, since limited gate capacity leadtmestion. A model published in 2008
used “a multi-server queing model to analyze marnainal gate congestion and
analyze cost of trucks waiting at the gate” (Guiad kiu 4). The authors chose one of the
marine container terminals in the Port of New Ybidw Jersey. An optimization model
was developed to minimize ovearall gate system ddisimizing queing at a gate is
good both for the trucking companies, since thaytdwave to wait long and the gate
operators, since they can have a minimum numbgatefs open while providing good

service to all trucks. The goal is to have botisSad. Capacity of a gate system is
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determined by the number of gate lanes, by houopefation, and the productivity that
gates operate under. A model that was developestlmas gate capacity is the Multi-
Server queing model, and it depended on physigablat and characteristics of the
terminal and its operations. The model also dependsuck arrival rate which is
dynamic. In order to optimize a gate system, twgtxare analyzed — gate operating cost
and truck waiting cost. These two costs have amsipprelationship. The goal is to keep
both costs at a minimum so that total system aostinimized. The model is validated
using field observed data and statistical testug.truck arrivals two peak periods in a
day were analyzed, one in the morning and onedredrly afternoon. The goal was to
even out the truck arrival throughout the day.

In order order for a system to be optimized, tregsetwo things that can be done:
one is to increase number of gate booths, andttiex & to control truck arrival rates,
which can be done with truck appointment systerhg. duthors (Guan and Liu 2008)
find the appointment system approach more feasatde it doesn’t require greater
expenditure of manpower and land expansion. Botder for an appointment sytem to
work there has to be coordination between shiplpives, terminal operators, shippers
and trucking companies (Guan and Liu 2008). Thitobomeeds to include major
stakeholders to work on new operating proceduredl tfie major players included to
implement a succesful appointment system.

Huynh (2005) observed operations at the port ofdtmu(Babours Cut
Terminal), to identify potential solutions to re@utuck turn time. Two alternatives that
can have a positive effect on truck turn time reiductime are the increase of the yard

cranes and the introduction of truck appointmesteys. This dissertation (Huynh 2005)
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looked at the effect of both alternatives, throaghimulation model done with simulation
package Arena, and also with a regression mod&dding more cranes to the yard
terminal. Findings were that if more road cranesiared to handle trucks in and out of
the terminal, truck turn time will decrease. Huyaibo looked at the implementation of
truck appointment systems, and he proposed a mathgpdfor determining the number
of trucks terminals should allow, especially thecles allowed in a specific area of yard
per time window (referred to as cap) (Huynh 20@gpping was important in order for
an appointment system to be effective so that timeher of trucks entering a yard with
the appointment system schedule can be servedrbyckanes in the shortest time. The
issue of no-show and delay is also a part of thdehd@he model was developed with the
maximum number of trucks a terminal can handle withspecified resources. The
results of the model showed that truck appointrsgatem was beneficial in reducing
truck turn time. On the other hand if the cap wetd@o low for a certain time frame, it
had a reverse effect on both the crane operatidrirank turn time.

Freight Information Real-Time System for Transg&tRST) is supported by the
Federal Highway Administration’s Office of Freiglfanagement and Operations, the
Congestion Mitigation and Air Quality ImprovemenbBram, and the 1-95 Coalition. It
began in 2001 to provide real time informationte port of NY/NJ freight community
members (Srour et al. 2003). FIRST uses Inteltieansportation Systems (ITS)
technology to manage intermodal freight systemis.dn internet-based, real-time
network that incorporates different sources ofgineinformation into a web portal that is
accessed by port users to obtain port and cargon@tion. It was designed by the

private sector of the intermodal freight industngaublic sector partners. The web site
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used for the FIRST system, provides real-time mi&@ion on cargo status to all involved
customers and terminal operators. Trucking comgacae find out the status of
containers online and plan each trip to the podrstecessary trips are not made. A
simulation model using accepted transportation opgetheory concepts was developed
to study benefits of the appointment system. Qugastivity at terminals was observed
with or without the appointment system in use aiotes levels of acceptance (0-100%).
Data used was from field observation of queuingvagtover a five-day period in June
of 2002. The results were that when appointmertesys were used at 100%, the total
time vehicles spent in terminal was reduced by 488tpared to 0% use of the
appointment systems. The success of the appoinsystém depended on the level of
compliance, since with the low acceptance queungeased at gate terminals.
According to the FIRST evaluation report (Srourag 2003), this system did not make a

significant impact since it was not used as desired

3.2 Impact of Legislation, Policy, and Regulations

In California in September 2002, AB 2650 (Calif@@issembly Bill) was
passed. The bill became active in 2003, and itgossregulations that require marine
port terminals to either extend hours of operaf@rtruck pick-ups and deliveries, or
begin use of appointment systems for trucks, at §ome other ways to reduce truck
gueues at terminal gate entries (Giuliano and @BR&007). This was the first bill in any
US state implemented to lower congestion and diufpan. It includes fines on marine
terminal operators who allow heavy-duty trucksdie ifor more than 30 minutes while

waiting to enter the terminal. The California PGdmmunity Grant Program was
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established by this law, funded from fines on materminals, to provide grants to truck
drivers to replace and retrofit diesel engines.

The approach to use a gate appointment systere abtth of Los Angeles and
Long Beach was studied for the assessment of AB.ZB% appointment system was
monitored over a 16 month period from January 260dugh June 2005 (Giuliano and
O’Brien 2007). Data was gathered from differentrsea — interviews with managers of
both ports, eight marine terminal operators, trngkndustry representatives, longshore
labor, public agency representatives and electiécialé. During this period both
terminals were observed. Surveying of trucking cam@s supplemented the
observations. Data was also provided by terminals.

One constraint this study had is lack of data omitgal gate queues prior to the
use of the gate appointment system. Terminal opesraétad flexibility in making
appointments, and a wide range of policies was aseaks terminals. Trucking
companies used 5-30 % of appointments on all thoeegates during the observed
period. The problem was that no terminal had spaciangements for trucks once they
entered the gate and were inside the terminal.

The response from terminal operators on use ofjéte appointment was mixed.
Some operators did not see a purpose for using, thiege appointment systems made
their work more complicated with all the activitgigg on in a port all day. The terminal
operators that liked appointments thought that #reyessential for terminal operations
since arrival of trucks is leveled out throughd tlay and this made peak hour times

more bearable.
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Trucking company response showed that appointnystéms were mainly used
for import pick up, when trucks would not spena&df time in a terminal anyway. The
main problem was that even the trucks that hadiappents didn’t have reduced turn
time, because once inside the gate they didn’t paeeity. Also, there were a significant
number of missed appointments.

The study showed that although appointments weséd tieere was no evidence
that truck wait time was lowered significantly. Tblem with this study is that they
did not use any previous queue data (before thefusgpointment system), the number
of appointments was small, and there was almosriooity for trucks with appointment
once inside the terminal. Effectiveness of appoanhsystems in reducing truck turn
times was analyzed with the use of comparison beivtlee averages of terminals that
used appointments for 35% or less, and for mone 8386 of transactions. The average
turn time was compared for both groups, and thée tivae was larger for second group,
since it was 3 hours, compared to 2.4 hours fofiteegroup. Truck turn time for
companies that have used appointments for mosedafansactions were longer. The
conclusions were that for appointment systems tefteetive, a large number of trucks
will have to use the appointment system, and thaseto be some priority for trucks
entering the terminal. For the appointment systenvgork some incentives have to be
used encouraging trucks and terminals to use tlierminals do not see gate congestion
as a problem, and trucks saw no advantage bedadiseniot reduce their turn time. In
order for this study to show good results, morecagments must be made to show the
effects of evening out truck arrivals. Gate appuoent is still a more favored alternative

than extended gate hours, since the cost is |o@ieti@no and O’Brien 2007).
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A second publication from Metrans Transportatiomi€e(Giuliano et al. 2008)
gave broader explanation on the extent of survelyiterviews performed in California
terminals from January 2004 through June 2005. &ekavas limited by lack of data,
since the private sector typically does not shata,cand data is usually available just for
the state or region level. Data and informationedfrom terminal to terminal, and
terminals are not required to share data with th#ip. All the previous information
before the appointment system was in use is assurhedmain concern is lowering
gueue time, but just outside the gate, since amside the gate truck waiting is the
responsibility of the terminal. The problem wast tt@ntainers at the terminal were not
ready for a truck with an appointment. Average gulength at observed terminals
ranged from 5 to 26 minutes, and maximum was U@ minutes (Giuliano et al. 2008).
The Air District in California stated that in 20048 2650 contributed to annual reduction
of emissions by 30%. The overall conclusion is thatine terminal operators need to be
required to use appointment systems in order faarwork. That way emissions and
noise will be reduced, overall terminal operationproved, and truckers will benefit
from better operations.

In February 2004, Assembly Bill (AB) 2041 was irtuzed in California
requiring extended gate hours (Solomon and Bai#®4 The OffPeak program was
created to provide an incentive for cargo ownemtee cargo at night and on weekends,
in order to reduce truck traffic and pollution dhgipeak daytime traffic hours and to
alleviate port congestion, at the ports of Los Aegé€LA) and Long Beach (LB). In July
of 2005, the program was implemented and througislkgive influence (AB 2041),

required the Ports of LA and LB to charge for goous/ed at peak hours from 8:00 a.m.
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and 5:00 p.m. All cargo owners of loaded contaimatering and leaving the ports during
the day shifts were charged Traffic Mitigation KE&MF).

A recent study by Cambridge Systematics (Cambr&lggematics 2009)
evaluated the OffPeak Program in order to analyeesffectiveness of the program in
reducing congestion, and the possible factorsdéwatead to better results if
implemented at other ports. Truck traffic analyaedifferent periods of day were
performed and results showed that the program neahtagincrease the number of trucks
at off peak hours, and relieve pressure at gatesglpeak hours. During the peak-hours
truck traffic on the surrounding freeways has dexppy 24 %, after only ten months of
implementation of the program (Cambridge Systerad@09).Truck traffic congestion
within the terminal was also reduced throughoutdag. One of the major problems
reported in that study was the increased demandgltire last hour that the port gates
operated (between 5:00 and 6:00 p.m.). Higher nusntfetrucks at gates was reported at
ports during the 6:00 p.m. and 10:00 p.m. timeqeknivhich resulted in gate capacity
problems.

Analysis of truck traffic on the nearby freewayl@/indicated that there was no
major change in truck traffic volumes from daytipwak to nighttime traffic. Therefore
OffPeak Program didn’t have major impacts on regigiciongestion on roads. The
recommendation was that the congestion problemisl tmusolved with the use of
OffPeak Program in combination with different stigies, like pricing strategies and
appointment systems, and that this combined apprsiaguld be used if a similar

program is implemented at other ports.
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The Transportation Development Centre of Canadégheu a study in 2006 that
reviewed current practices and startegies useddhMmerican ports to speed up
handling of cargo in order to reduce congestionidhidg of trucks at the gate, (Lord and
Morais 2006). Information for the project was asblu via literature review and
surveys of ports in North America, followed by dtewisit and interviews. Gathered
information included port and terminal activitiéschnologies, information systems and
environmental programs and legislation. The repontcetrated on the twelve largest
North American ports by highest annual transitingtaeiner volumes (TEUs per year),
and by availabilty of automated technologies.

The report findings are important for recommeratato Canadian ports to improve
port/terminal operations efficiency, reduce delagsguce congestion and GHG(Green
House Gasses) emissions. One of the ways to img@f@ieency is use of gate
appointment systems and the report studies preegperience of ports that used it. In
order for improvements to take place at Canadiats fibere has to be strategy in place.
This startegy includes policies and regulationsgaality mitigation programs,
infrastructure improvemnts, and new port informatsystems and technologies. Close
coordination of all stakeholders is necessarytierduccesfull operations.

The use of appointment systems at observed padswostly successful (Lord and
Morais 2006), and it depended on factors that esdyring congestion. The major
problem at the ports with no mandatory appointnsgstem was that the truck drivers
didn’t use it. One reasons for not using the appa@mt system was the difficulty for
truck drivers to set up an appointment 24 houdvance, mainly because of the other

transactions scheduled that day. There is alsartkeown of road congestion on a given
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day, and the number of trips planned for one damé&drivers just fail to show up for
appointment times. The findings of the report iatkcthat appointment system must be
flexible to be successful. This means that it ¢an:

Handle cancellations

- Re-assign reserved time that has been canceled

- Allow appointments to be made during the day afaty not just 24 hours ahead
of time

- Decline or discourage double/triple appointmentste same container

- Assess fines for missed reservations

- Allow one hour window for trucks to show up

- Operate based on container appointment (not trppkiatment)

- Allow for reservation by phone “ (Lord and Morai@(5)

The researchers found one of the best ways to wepeéficiency is by the use of
gate appointment systems and documented compotemistablish a good system in
Canada. They found that in order for improvemémtske place at Canadian ports there
has to be a detailed strategy in place, which getupolicies and regulations, air quality
mitigation programs, infrastructure improvements] aew port information systems and
technologies (Lord and Morais 2006). Close coottitimaof all stakeholders is necessary

for the succesful operations.

3.3 Appointment System Examples for Marine Terminas

Hong Kong International Terminals (HIT) is one bétworld’s busiest ports. It

operates with limited space, with no possibilityetgand to meet the growing demand.
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In 2003 Hong Kong operators handled 20 million TEWaking Hong Kong the busiest
port in the world (Murty et al. 2005). With the mease in exports from this region Hong
Kong terminal had to optimize their operations.

In 1995 one of the authors professor Katta G. Marg several IEEM faculty
members, started working on a decision supporesy$or the Hong Kong port. One of
the critical decision problems at the port is alban of appointment times to external
trucks to minimize their turnaround time, to smooth truck arrivals, and reduce the
number of trucks in the yard during busiest tinkésng Kong International Terminals
started using an appointment system in 1997. Tracksing to terminal to pick up had to
make an appointment, and the trucks bringing expmrtainers didn’t have to make the
appointment. The reason for this is because maskdrthat bring export containers
arrive from mainland China and they have to wathetborder crossing.

In every 30 - minute time slot, each block at #reninal has a certain number of
appointments available. Numbers of appointmenésah block are determined using a
simulation model. In order to develop the simulatiodel some values had to be
estimated. The number of external trucks that disinow up for appointments is
estimated from past data. The time it takes a geade to serve a truck is also estimated.
The target is to keep the number of trucks waitorgservice at six or less. Since there
are not a lot of slots available the earlier thieker makes an appointment the more slots
it will be able to choose from. If the truck trimscome in with no appointment, it has to
go to a booking center to make an appointment,ssritds an external truck with an

export container that also has to pick up a costaifihe results from implementing the
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gate appointments at the Hong Kong Internationa Perminal were that turnaround
time for external trucks was reduced by 30 per&@mt 60 minutes to 40 minutes.

The Port of New Orleans uses an appointment systdinch is mandatory, to
improve the terminal operations and the use okjfs¢em. The appointments are made
online with the use of a Gate Entry Management (GEydtem. The operation of the
web-based system is organized with the use ofalligiimeras, optical character readers,
transponders and AM radio broadcasting within ggggem (EPA Smartway
Transportation Partnership 2009). This system altwcks companies to make
appointments within available time periods, analsb allows terminal operators to
organize terminal operations in the order of angvirucks. Truck drivers have a 30
minute window within their scheduled appointmerteTamount of time a truck spends at
the gate is also reduced, because all the papeiwetininated with the use of the web
application. Terminal operators also have more tongliminate possible errors. The use
of the appointment system was very beneficial tierRort of New Orleans, since truck
idling at gate was reduced, terminal operationstaralighput was improved, and truck
companies and terminal operators are cooperatitigriveith fewer delays.

The Georgia Port Authority including Port of Savahralso implements a web-
based appointment system for containers enteriddesving the port. The system is a
real-time online system and it provides 24-houreasdo customers to update data on
container shipments. Since its implementation sffgtem has been very beneficial to The
Georgia Port Authority because it has managedwerddruck queues and waiting times
at gates and overall truck processing time at teataiby 30 percent (EPA Smartway

Transportation Partnership 2009).
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3.4 Potential Impact of Gate Strategies at Intermodl Container Terminals

Gate strategies at intermodal container termiaig@sa very important part of the
terminal operation process. These strategies daa pooblems of truck queues at the
gate and help with congestion problems associat#dqueues, as well as the vehicle
emission problems. Random arrival of trucks can hbscontrolled with the use of
different gate strategies, and peak hour truckitradn be handled better. Terminal
operations can be better utilized and organize@nhuck arrival is more even, and the
congestion is lower.

In order for the gate strategies to work all theolmed users need to agree to use
gate strategies as required. A large percentageaks will have to use the appointment
system, and there has to be some priority for swakh appointments. Incentives are
necessary to get trucking companies to buy-in poagment systems and make their
appointments. Incentives may also be needed éotettminals to use the systems
effectively. Gate appointments are a more favategtnative than extended gate hours,
since the cost is lower.

Gate appointment systems have the potential toatreatly improve operations
inside the terminal as well as at the gate, aralsescondary result, reduce congestion on
the roadway system, and therefore reduce harmfigséons in the neighboring
communities. Of course, as this type of shippmgeases, there will be a point that
limits the amount of trucks and containers thatglaysically be processed within the
constraints of terminal boundaries, but there rsag@y room for improvement now,
before reaching that point. For extended gated)@additional workers are required at

off-peak times, but this is a good option to insee¢ghroughput at terminals. It will
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require that additional workers be added, hourspaydcontracts adjusted and buy-in
from associated businesses, but there is potdatigkeater amounts of container
movement without the need to expand terminals.

Terminal operators at the container terminals ugulal not like to use
appointment systems, because it adds extra effam tlready busy terminal operation
process. The trucks have to make the appointmehintthe available slots, and terminal
operators have to organize not only appointmeniisalso containers in order for
efficient pick up. Trucks arriving at gates havéwregistered and identified. This
process can take some time depending on the |@agitomation each terminal uses.
Additionally, extra effort has to be made to spapdhe processing of trucks with
appointments inside the terminal.

The length of the appointment window or time pr@&ddor a trucking company
to drop off or pick up the container is also an amant measure. It is important that
trucks are given enough time, considering thetfzatt they can be delayed on roads. The
possibility of rescheduling appointments is anoth@ion that intermodal terminals need
to offer. As there are no fines or other penakltigsociated with missing an appointment
window, not all trucks will show up for scheduleggpaintments. That is why regulations
and incentives need to be in place for both terlmiaad truck companies.

The most favored option in regulation of truck fiaét the terminal gate is the
use of technology. Automation Technologies mentiinehe previous section are very
advanced and promise solutions to a lot of problientsrminal operations. Gate
technologies like AGS are already used in a Idgeohinals, and they are good because

they don’t need as many terminal operators on #te gjde. The BNSF Intermodal
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terminal in Memphis is already using AGS combinethvptical Character Readers and
cameras, which is helping significantly in speediipggate operations. AGS is favored
for both terminal operators and truck drivers bseano extra work is involved in making
or arranging gate operations and access.

Intermodal rail terminals use a lot of similar gguent and technologies, as well
as the strategies as the marine container termiRats terminals are usually open
Monday-Friday from 8am to 6pm; while most of thi irtermodal yards are open
longer (e.g. The Burlington Northern Santa Fe - BN&rd in Memphis is open 24
hours, 7 days a week). Rail terminals have an ddgarover port gate terminals, since
they do not have operating time constraints. Thesigse in containerized traffic and bulk
traffic is a problem for both, since more trucksvaat the same time, making queues of
idling trucks at the gate.

Gate strategies in intermodal rail terminals arestigon use when they are part of
marine container terminals, and the intermodalteaithinals mainly use the AGS. AGS
provides efficiency and security at the rail teratigates, ensuring that trucks get inside
rail terminals much faster, which eliminates or évs/the wait time at the gate. Use of
gate appointments system with AGS at the intermtatalinals can be a good option
when trucks arrive at the terminals at the pealesiof the day.

Storage of containers can be either on chassi®@ge on the ground. Storage
on chassis requires more space, but it is benkfieause it can lower truck turnaround
time. Chassis storage of containers does not regaid cranes or stacking equipment, as
these containers are parked at the assigned plateks that come to drop off or pick

up containers usually use chassis storage. Thadesttypically use appointment systems
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less, as they only come to pick up or drop off atamer, and the containers on chassis

do not have to be reorganized as in grounded apesatStorage on the ground is similar
to storage of containers at the ports where coataiare usually stacked at a storage area,
which saves space, but can slow down operatiomal. fT he rail intermodal terminal
organization is thus different because of the dsmechassis storage.

Gate strategies are becoming a very importantgfdhie organization of the
Intermodal terminals. Currently they are in use erairthe marine container terminals
than in rail intermodal terminals. As the amountoiitainers handled by rail increases
some new strategies may have to be implementetstwa efficient rail terminal
operations. Thus, gate strategies, and in paati@dpointment systems, may prove to be
useful in improving operations at rail intermodaiminals.

In order to evaluate effectiveness of gate stragegh the BNSF Rail Intermodal
Terminal, especially potential use of appointmemstams, a road network model is
developed for this research. The model represetislaroad conditions on the
transportation network around the yard, and is esaiimulate the effect of gate
strategies on the truck arrivals and potential ggeat the gate assuming truck volumes

increase with the expanded facility capacity.
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Section 4: Model and Methodology Development

This research was conducted in order to furtheluata the importance of gate
strategies and appointment systems using the gpeagfe study of the BNSF intermodal
terminal in Memphis. Outlining the advantages aisddvantages of gate systems is also
a part of the research objectives.

The road network in the area around the BNSF Indediahterminal was modeled
with the Paramics micro-simulation software. Thawdation was performed to analyze
the effect of road network delays and congestica 24-hour period on the gate
operations. The simulation was performed for curdeamand, and expected worst case
scenario numbers after the expansion of the BN&fmodal terminal. Using a gate
appointment system and smoothing out the arrivéduaks was also simulated to
evaluate the potential impacts. The results weed b the representation and
comparison of different scenarios designed to apprate the current system, potential
truck volume increases due to the facility expamsand the effect of an appointment
system. The model methodology and the results trensimulation can be used in future

research when more current and representative \eotlata is available.

4.1 BNSF Facility Description

The BNSF intermodal rail-rail and rail-truck terralnn Memphis is an example
of a large intermodal terminal that may experiesme of the problems that the freight
industry is facing, and thus was selected as the study for this research. Memphis is
strategically located on the Mississippi River amthe central United States. It is served

by five class one railroads, seven interstatesttidargest inland port in the U.S., the
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world largest hub airport by freight volume handéedl it is a preferred location for
numerous distribution centers and logistics comgmbecause of its location (The
Memphis Regional Chamber Departments of EconondcGsmmunity Develpoment
2007).

The BNSF Railways intermodal terminal expansion e@spleted in 2009. The
new intermodal facility encompasses 185 acresjtdmabs a total of 48,000 feet of
railway tracks. The new facility can load and unld&ins up to 7,500 feet long, and the
yard is equipped with 8 total electric, rail-mouwhggantry cranes. These cranes are
environmentally friendly, because they do not paedany emissions, and the number of
container lifts per year can be tripled from thesemg number of containers handled by
previous intermodal facility. The parking area esijned for up to 6000 trucks, with
4000 spaces for stacked parking and 2000 spaceshfel parking. The gate layout at
the BNSF Intermodal terminal consist of 8 In-Gatieds and 7 Out-Gate lanes. The gate
operations are utilized with the use of AGS andoaptharacter cameras. The yard
management can also use data from this gate systbetter organize overall terminal
operations (American Shipper 2009). The BNSF Intetahterminal is located in a
major industrial corridor of southeast Memphis,haathigh concentration of trucking
companies, warehouses and distribution centers,Fapg&e 4.1 Warehouses, Trucking
and Logistics Companies in the study area, and ieigu2 Zoning and land use in the
study areaMost of the BNSF customers are located withimiike radius of the
terminal. The current expansion, if fully utilizedill exacerbate the congestion problems
on the transportation network in the area, whiclliisady used heavily by trucks. One of

major congested freight corridors in area is a Lafeenue. It is considered a major
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connector in the area since it connects variousiloligion centers, warehouses, trucking
companies, the BNSF Intermodal terminal, the Mempitiernational Airport and the
FedEx hub. To reduce the impact of road congegtioblems, there are some strategies

that can be applied within the intermodal terminal.
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The entrance and exit for the BNSF yard is locateitie Lamar Avenue and
Pleasant Hill road intersection. Truck traffic isdvy on the Lamar Avenue, as well as
the surrounding roads, leading all the way to titerktate 240 and the Interstate 55. The
average level of service on Lamar Avenue at eatengaction at different time periods is
obtained from the University of Memphis Intermo#atight Transportation Institute
study from 2009, which is yet to be published ( @adge Systematics and the

University of Memphis) shown ifiable 4.1

Table 4.1. Average Level of Service in Lamar Avettivarious Times

P.M. Peak
Hour
4:30-5:30

A.M. Peak | Lunch Peak | Midday Peak
Hour Hour Hour
Intersection 7:30-8:30 | 11:30-12:30| 2:30-3:30

Average

Lamar at American Way

Lamar at Pearson

Lamar at Democrat

Lamar at Knight Arnold

Lamar at Winchester

Lamar at Concorde

Lamar at Shelby

Lamar at Tuggle

Lamar at Holmes

Average
Source: The University of Memphis Intermodal Freighansportation Institute

Major highways and roads are used by trucks artdgivehy the simulation
model only concentrates on those roads and thes thatl lead to main transportation

facilities.
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4.2 Paramics Microsimulation

Simulation modeling is useful and effective forfeient transportation problems,
and microscopic simulation is a good alternatia ttan help users evaluate potential
solutions to many transportation problems. Micragation is a process of modeling
individual vehicles and it is useful in modelingetarea at and around intermodal terminal
gate operations to predict congestion. Paramiggdsoscopic simulation software and it
is very useful because it can model behavior andement of individual vehicles on
road networks (Quadstone Paramics 2009). Capabhiliti Paramics are virtual modeling
of transportation infrastructure and simulationmadd traffic and other forms of
transportation in microscopic detail. Paramics iwedel different types of vehicles,
which can have different behaviors and charactesistssociated with them. This is very
valuable for areas with a high percentage of ttuafic. To accurately represent this
complex and dynamic system, however, extensiveatataeeded to capture the overall
movement of traffic in and around the rail interrabtérminal, as well as the spatial and

temporal variations of these movements.

4.3 Data Description

The simulation model development for the BNSF miadal terminal was
feasible only if availability of data is sufficierfeor the model development a number of
data sources were required:

Roadway network data which including the numbdanés, length of roadways,

speed limit of the roadways, number of nodes arsideof intersections.
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Number of passenger vehicles that travels betweerdnes in boundary area in

the form of Origin/Destination Matrix

Number of trucks that travel between zones in thanbdary area in the form of

Origin/Destination Matrix.

Signal timing at the intersections.

The network in Paramics was built based on the geminetry obtained from the
City of Memphis geographic information files. Netkalata had to be checked for errors
and corrected to represent the actual road netwoke specifically, the number of lanes
and posted speed limits were adjusted based ohys@elunty aerial photography and
data provided from the geographic information filBeme nodes in the network were
disconnected or were not properly aligned, andhhisto be corrected as well. Some of
the intersections in the network had multiple fragis, and this made signalization of
intersections impossible. These data were editéaderParamics editor to reflect the most
accurate conditions on the roadways as possible.

Borders of the modeled area were selected bas#teaonnectivity from the
point of the BNSF Intermodal yard and the exitsi@or roads and highways. The area
was divided into zones based on US Census Burdawdal raffic Analysis Zones
(TAZ) from the year 2000 (US Census Bureau Trafimalyis Zone). A traffic analysis
zone (TAZ) is an area defined for traffic relatedal especially trip to work and work to
home statistics. Boundaries of these zones usiadlibyv physical and natural geographic
features, like roads, rivers, borders. Data ortrdmesportation facilities in the area is
important for development of Traffic Analysis Zon@#\Z), as theses data help define

the TAZ boundary area better.
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The data on transportation facilities were gathdérexh the Memphis Chamber of
Commerce, which is compiled from the InfoUSA ddtdqUSA). Zones with large
numbers of transportation and warehouse facilgesserate and produce more truck
related traffic than other zones, and they werealdi in two separate zones. The
Memphis International Airport, FedEx Hub and the&NIntermodal terminal were
considered as the special generators. Highway rampexits were also considered
major connectivity zones. The final simulation miodieveloped for this research
consisted of 53 zones, of which 45 were internatames within the boundary area, and
8 were external zones, or zones outside the bovraleaFigure 4.3shows a snapshot
of the roadway network and the traffic analysisemrhe external zones were located
on the major roads or highway exits in the ared,thry were numbered from 10 to 80.
The internal zones were numbered based on the USuS&ureau original TAZ zones

derived for the model.
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Figure 4. 3 Road network and traffic analysis zones

One of the most important pieces of informationdeekfor simulating the traffic
condition in the study area was the number of Jekiduring the 24-hour period so that
the effects this has on the gate at the BNSF irddainyard could be evaluated.
Passenger vehicle demand data was obtained froMehghis long range travel
demand model (Memphis Long Range Transportation 2087). The origin and

destination (OD) data from the Memphis model wagregated for the modeled area
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around the BNSF intermodal terminal. External ztripedata was also obtained from the
Memphis long range travel demand model and the eummbzones was aggregated to
represent major road exits and entrances.

All of the OD data was complied into one 53 x 53 @@trix, for a 24 hour
period, from four different matrices in the Memphisdel, for four different time
periods. This matrix contains trips made betweégrinal to internal zones, internal to
external zones, and external to external zones.

Truck count data as well the OD data for all theZEAn the modeled area were
harder to collect. The Quick Freight Response MB(@RFM) has guidelines available
for incorporating freight into modeling process@REM 11 2007). Truck trip generation
rates Table 4.2 were obtained from the Phoenix Metropolitan Urbanck Model (U.S.
Department of Transportation 2008), and were agpbehe socioeconomic data at the
zone level, resulting in the total number of truckisd also number of Four-Tire trucks,

Single Unit Trucks and Combination trucks.
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Table 4.2. QRFM Trip Generation rates

Generation Variable Four-Tire Single Unit Combination
(Employment or Households) Trucks Trucks (6+ Tires)  Trucks
Agriculture, Mining, and Construction 1.110 0.289 0.174
Manufacturing, 0.938 0.242 0.104

Transportation/Communications/Utilities,
and Wholesale

Retail Trade 0.888 0.253 0.065
Office and Services 0.437 0.068 0.009
Households 0.251 0.099 0.038

Source : Quick Freight Response Manual Il, 2007

Effort was made to collect information on the ines located in the area,
including type of industry and number of employédse data on types of industries
acquired from the Memphis Chamber of Commerce wehg available for
Manufacturing and Transportation Industries, butfobthe remaining clusters of
industries that the QRFM provides truck trip refas

To address this issue, data for the generatiaablas per TAZ was obtained
through the U.S. Census Bureau which has dataad@y at the Zip code level, (i.e.
number of employees per different type of industBgtimation by the portion of the
square footage area of TAZ, within the square fp®t@rea of the zip code was made.
Truck trip numbers were then generated, but the \QB#&idelines assume that these
truck numbers are for both production and attractibthe zones. The next step was to
obtain an OD matrix for the truck movements betwaléthe zones. These data could not
be developed, due to the lack of information onf#wors for truck distribution between

zones. Truck OD’s in the modeled area were themnasd in order to run the model. The
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percentage of trucks in the whole modeled areaasasmed to be 10 percent of all the
vehicles.

Signal timing at the intersections for the modedesh was applied at 13
intersectionsKigure 4.4shows these signalized intersections). Signalgotdata was

provided by the City of Memphis. The remaining mstxtions were left unsignalized.
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4.4 Model simulation cases

Three different cases were simulated

Case 1. Evaluation of the existing road network condis@nd current demand

Case 2. Estimation of the impact of the new BNSF intermlaghil terminal expansion.
For this case, truck demand was tripled from thsteg estimated truck demand.
Case 3.Evaluation of adding a gate appointment systerheaBNSF intermodal rail
terminal. Truck demand generated and attractdaeaBNSF terminal from Case 2 was
released on the road network evenly over the 24 petiod.

Time of day distribution of the demand for theffinso cases was obtained from
the Memphis long range travel demand model (Membpbigy Range Transportation
Plan 2007), and is shown Trable 4.3 All purpose trips were used for modeling
purposes. Peak hour periods for the trucks inithelation model were assumed to
follow closely peak hour periods for the other \ads. The Memphis model provides
peak hour period truck demand from the vehiclestligsition count data, as shown in
Table 4.3 When compared, values for peak periods for tracidsother vehicles by all
purposes are very close. The simulation of the resdork is performed using hourly
demand distribution of all purpose trips for alhides. Release of the vehicles in the

network was based on the hourly factors shownbteta4.3 and 4.4.
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Table 4.3. Trip by purpose by time period

Percent of trips by purpose
Other Home-

Time Journey- | HBSchool/ Based Non-Home- | All
Period to-work | HBUniversity | Purposes Based Purposes
0:00-1:00 0.8 0 0.4 0.1 0.4
1:00-2:00 0.2 0 0.1 0.1 0.15
2:00-3:00 0.3 0 0.2 0.1 0.15
3:00-4:00 0.4 0 0.1 0 0.17
4:00-5:00 0.7 0 0.2 0 0.3
5:00-6:00 29 0.2 0.5 0.2 1.16
6:00-7:00 9.3 7.8 2.5 0.8 5.46
7:00-8:00 16.7 23.6 7 3.8 12.52
8:00-9:00 7.8 11.7 5.8 3.4 6.79
9:00-10:00 | 3.1 3.1 5.1 3.8 3.9
10:00-11:00| 1.3 2.6 4.4 5.4 3.27
11:00-12:00| 1.8 3.3 4.7 13.2 4.42
12:00-13:00| 2.2 3.7 4.8 19.1 5.17
13:00-14:00| 2.4 2.1 4.7 12.2 4.41
14:00-15:00| 4 13.8 7 11.4 8.54
15:00-16:00| 7.1 12.3 8.4 9 9.4
16:00-17:00| 10.1 3.6 7.3 5.2 7.39
17:00-18:00| 12.3 4.4 8.6 3.7 8.56
18:00-19:00| 6.4 1.9 8.9 3.1 6.22
19:00-20:00| 3.1 1.6 7.4 2.3 4.2
20:00-21:00| 2 2.3 5.1 1.4 2.95
21:00-22:00| 1.9 0.9 3.7 1 2.24
22:00-23:00| 1.7 1 2.1 0.4 1.32
23:00-24:00| 1.4 0.2 1.2 0.2 0.9
Total 100% 100% 100% 100% 100%

Source: Memphis Long Range Transportation Plan 2007
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Table 4.4 Time of day release factors by truck type

Midday
AM Peak | Peak PM Peak | Off Peak | Total
Four Tire Trucks 17.8 29.6 26.2 26.4 100
Single Unit trucks 17.4 34.5 25.2 22.9 100
Combination trucks | 16 33 23.8 27.2 100

Source: Memphis Long Range Transportation Plan 2007

4.5 Model Results

The simulation was performed for a 24 hour per&d] the measures of
performance were generated for every hour. Thessunes included: vehicle flow,
delay, occupancy of lanes, average travel timeébicles between specific OD pairs,
gueue lengths, intersection delay and LOS (Lev&8atice).

We should note that although the model was suadésshplemented, the results
are derived from assumed truck data. Truck datectadn is a detailed process and
every Metropolitan Planning Organization (MPO) dddae involved in gathering it in
order to perform successful modeling of the urb@aswith a high percentage of truck
trips. When more data is available on truck agtjvihore accurate results can be
generated.

The results from the simulation can be appliedhitwork analysis, and possible
truck delays and congestion at different pointghefnetwork. These results can be used
to analyze the queues at the terminal gates afetttain times of day in a 24-hour period

of time.
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Model results were described for the three diffecaises defined in the previous
section. The first case is the analysis of theteag network with the current numbers of
vehicles provided from the OD matrix. The resufes shown irFigure 4.5which show
the LOS for the different links in the network the AM peak time from 8 am till 9 am,
and inFigure 4.6from 5 pm till 6 pm. These times showed the wovsrall LOS on all
the intersections in the area. The area choseanfalysis is the area around BNSF
terminal, since the impact from the truck traffic thhe surrounding intersections is the
greatest.

The results from AM Peak show that there is sigaift congestion and delay at
the Lamar Avenue and east Shelby Drive intersectisrihe LOS is mainly F in both
directions on Lamar Avenue. The other critical aseat the Lamar Avenue and Holmes
Road intersection, where there is significant deteyestbound direction of Holmes
Road, and northbound direction of Lamar Avenue.

The results for the PM Peak show significant delayhe same intersections of
Lamar Avenue and east Shelby drive, with more dataast bound direction of east
Shelby Road. Holmes Road is also congested athpd@k time, with longer delays at

eastbound direction.
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Model results from Case 2, when truck numbersdhgtnate and are destined to
the zone in which BNSF Intermodal terminal is lechare tripled, are shown igure
4.7, for the AM Peak periodndFigure 4.8 for the PM Peak period he results from the
AM peak show congestion and delay on the samestéons of Lamar Avenue with
east Shelby Drive and Holmes Road. In Case 2, abioge's slightly higher on Lamar
Avenue and East Shelby Drive, as the eastboundtaireof East Shelby Drive and the

northbound direction of Lamar Avenue have LOS Gnpared to LOS B in Case 1.
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Holmes Road is experiencing even greater congesti@ase 2, since LOS is now E at
westbound direction of Holmes road, compared to IB0OS Case 1. The eastbound
direction on Holmes road is now LOS D compared@SLC in Case 1. The intersection
of Lamar Avenue at Concorde Road is now more cdadess indicated by LOS C at

eastbound direction of Concorde road, compared8 A in Case 1.

It Hill Rd

‘ Holmes Rd

Figure 4. 7 Model Simulation Case 2 AM Peak
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In Case 2 for the PM peak, more links on Lamar Axeand Shelby Road have
LOS F, making the overall LOS at this intersectiorThe other links in the area do not

show any significant differences from Case 1.

Figure 4. 8 Model Simulation Case 2 PM Peak

The results from Case 3, with the applied gate eppent system at the BNSF
Intermodal terminal, when the truck arrivals arered out during 24 hours, are shown in
Figure 4.9 for the AM Peak perigdandFigure 4.10 for the PM Peak periodResults for

the AM peak show just a slight improvement of tlaeriar Avenue and East Shelby
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Drive intersection, as the eastbound directionast &helby Drive has improved from
LOS C to LOS B. The intersection of Holmes Road bahar Avenue has the same
LOS as in Case 2 on all links at the intersectidre LOS at the southbound direction of
south Mendenhall Road has improved from LOS C t&IBD The LOS on the other links

in the area did not change significantly.

Figure 4. 9 Model Simulation Case 3 AM Peak
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Results for the PM peak time period for Case 3wshdditional improvement of LOS on
the Lamar road and East Shelby Drive intersectiomfCase 2. LOS is reduced from
LOS F to LOS C at the southbound direction of Lafwaenue, and at the northbound
direction from LOS C to LOS B. East Shelby Drivesfzaslight decline in LOS at the
eastbound direction from LOS C to LOS D. The LOStanintersection of east Shelby
Drive and south Mendenhall Road has declined in irfbSase 3 at the southbound
direction of South Mendenhall Road from LOS B toS.0 and at the east bound

direction of East Shelby Drive from LOS B to LOS C.
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Figure 4. 10 Model Simulation Case 3 PM Peak
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Section 5: Discussion and Analysis

5.1 Model Assumptions

The micro-simulation modeling of the roadway netvaround BNSF Intermodal
terminal was performed successfully for all theesa3 he results for all three cases are
derived from the assumed truck data. The numb#&uoks on the network was assumed,
due to lack of information on the number of truttkat travel between the zones in the
network. The assumption was that 10 percent oktrace released between all the zones,
and this should be a reasonable assumption, gieaeetwork consists of both residential
and industrial areas. The time of day factorgherpercent of release of vehicles in the
24 hour period, were also assumed, but they reptrésetors derived from a survey of
passengers in 1998 (Memphis Long Range Transpmrt®lan 2007), and the results
from this kind of traffic release were reasonabledil three cases.

The modeled area is very large, and there are dré0Qrsignalized intersections,
but for the purpose of analysis of the congestimh@elay at and around BNSF
Intermodal terminal, only 13 intersections werengized. Other intersections in the
model act like free flow intersections, and thisuasption is not expected to create any
significant problems given that the other intergets were far away from the study site
and should not significantly impact flow around BESF facility.

Another assumption in Case 2 was that the truckibxausifrom the new BNSF
facility will triple, and this is the worst caseestario for the numbers of loads handled in
a year stated by BNSF. The results from this sitiarieare a better representation of the

impact this increase of truck traffic will have tive road network.
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In Case 3 simulation results are derived from gsumptions that all the trucks
use gate strategies in Zone 370 where BNSF Inteatn@dld terminal is located. The
truck release times in the Paramics microsimulati@nevened out in 24 hours for Zone
370 and this is a reasonable assumption for evatupbtential impact of the
appointment system strategy since in order forta gppointment system to be effective,

a large number of trucks must use it.

5.2 Key Findings of the Research

The results of all three Cases of the micro-sinmtainodeling show significant
congestion and delay at the main intersectionseratea, at Lamar Avenue and east
Shelby Drive and at Lamar Avenue and Holmes Road.résults from tripled truck
numbers in Case 2 for both AM and PM time periogisidnstrate that the overall LOS
has declined at almost all of approaches at th#eesections. This suggests that if the
BNSF facility operates at full capacity the congesbn the surrounding road network
will be high. The terminal gates at the BNSF inteda terminal can be affected by this
congestion, which will result in more trucks idliagthe terminal gates, which is a
significant environmental concern.

In Case 3 when the gate strategies were appligee&@NSF Intermodal terminal
on an already tripled truck demand OD, congestiothe roadways for the AM and the
PM peak time period was slightly reduced. This ioy@ment was mainly observed at the
intersection of Lamar Avenue and east Shelby Dalithough some links remained at
LOS F. Inthe PM peak time period the intersediohthe east Shelby Drive and south

Mendenhall Road show declines in LOS. This may mikahParamics micro-simulation
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is rerouting traffic from the busy intersectionghe intersections with a lesser amount of
delay.

The results from Case 3 are just slightly improved some links on the key
intersections in the area still have LOS F. Theusaton preliminarily indicates that the
proposed gate appointment system will only lowerdbngestion slightly. Based on
simulation results, this reduction in congestiod delay would only happen if the gate
appointment system is mandatory at the terminalifaine truck drivers are given
incentives to use it. Since the congestion and. @8 are only slightly improving, this
suggests that the gate appointment system strategg may not be effective in
achieving significant reductions in congestion.e @ate appointment strategy
implemented with other complementary approachesinhégd to more significant
reductions in network and facility congestionshbuld also be noted that while
reasonable assumptions were made in the develomh#ns model, the lack of
available data, in particular with regard to trmclumes, may not accurately reflect the
potential impact of a gate appointment systenaddfitional data becomes available
allowing a more representative model to be develptheese scenarios should be
revisited to further evaluate the potential impafca gate appointment system on the

BNSF facility and network congestion.
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Section 6: Conclusions and Recommendations

The BNSF intermodal terminal expansion completm2009 is posing a major
concern for the already congested road networkerheavy industrial area of Memphis.
Truck traffic in the area is already great, anchwiite expected rise of truck demand at
the BNSF terminal, it could potentially reach argavhere all the intersections in the
area are highly congested. That is why it is imgrurto evaluate strategies that could be
applied at the BNSF terminal to reduce congestiefgre surrounding roads reach
capacity.

Although not indicated in the results of the BNiBtermodal facility study, gate
appointment systems have the potential to sigmtlgamprove operations inside the
terminal as well as at the gate, based on resolts previous studies. As a secondary
result, reduce congestion on the roadway systethitaarefore reduce harmful emissions
in the neighboring communities. Of course, agyfreshipping increases, there will be a
point that limits the amount of trucks and contagriat can physically be processed
within the constraints of terminal boundaries, thare is certainly room for improvement
now, before reaching that point.

Coordination between trucking companies and thermbdal terminals is
essential for efficient terminal operations. Gattest are clogged can worsen terminal
capacity and this creates not only an operationghblso an environmental problem. For
a tactical/operational level gate strategy systenbe effective, a large percentage of
trucks will have to use it, and there has to beesqmority or benefit for trucks with

appointments. Incentives are necessary to get itrgclcompanies to buy into
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appointment systems and actually make appointn{ants keep them). Incentives may
also be needed for the terminals to use the systéfetively.

Results from the simulated road network at the BIN#&modal rail terminal are
beneficial for the analysis of the congestion aeldy on the major roadways and the
intersections. Paramics micro-simulation resul® @ detailed representation of the
behavior of travelers at the individual level. Thessults are also beneficial because the
feedback from micro-simulation modeling can be pted for small time intervals, so
that the congestion and delay on the network caddygified for particular times of the
day. The only problem is the amount of data thateesded for Paramics microsimulation,
especially for larger scale networks. Traffic cauahd patterns between the zones and
selection of zones is a major part of this problsimce the most recent data that is best
for the modeling is not always available.

The results from modeling the most recent datal@viai for this research
demonstrate that the impact from the BNSF Interrhadbterminal expansion, if
capacity is reached, is going to have an impaghoreasing delay and congestion on two
of the intersections closest to the entrance ondrafwmenue. A gate strategy simulation
was applied on the increased capacity, with theraption that large percentages of
trucks are using appointments, and that the trgc&ompanies as well as the ralil
terminal are given incentives. The results fronséhef assumptions and gate strategies
application did not show significant decrease efd¢bngestion on the major roadways
and the intersections around the intermodal yarg: @ the problems with these

assumptions was that not enough truck data wataaiaior just the BNSF Intermodal
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yard terminal truck traffic, and there is no redbrmation on actual truck queues at the
new AGS gates.

The solution to a problem of the congestion onrtfaglways around the BNSF
terminal may have to be combination of gate stiage@ate technologies, and also road
improvements. Analyzed results can be utilizedcfust categorization in possible road
improvements, such as adding more lanes, redesigaffic signal timing, intersection

improvements and upgrading existing roads to hifnectionality roads.

6.1 Recommendations for Future Research

Increased efficiency at intermodal rail terminaledo any or all of the strategies
discussed in this research can affect the oveealkportation community by allowing
more containers to be shipped, and moved more lyuagkay from the terminals, onto
the other forms of transportation, and to theiafidestinations. The gate appointment
strategies did not prove to be very effective far &nalyzed time periods and assumed
data in the modeled cases for the BNSF rail intelah&acility. However there was a lack
of recent passenger vehicle data, and also thk tfata was assumed for the whole area.
There was also no data on actual truck queue atebv BNSF terminal.

In order to get more precise results new models with more recent and
accurate data needs to be performed. The datatfr®most recent traffic counts was not
matched with the observed count data due to lacgloftivare extension for the Paramics
software. This extension is the Paramics Estimaitad,its major function is to estimate
OD matrix data. The most recent OD data, espedialbk data is also very important in

getting most accurate results from the microsintatThe Paramics microsimulation
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results can also be compared with the other migralsition software, like Vissim

(Visual Solutions Incorporated), TransCad (Caliperporation), and/or VISTA (Vista
Transport Group Inc.). A comparative analysis @sthkinds of results can give a better
understanding of the potential problem that BNSErimodal terminal activities can have
at their gate and terminal operations, as welhastirrounding roadways and
intersections. New model runs can also be perfowtezh there is a better understanding
of the actual number of trucks that BNSF plansandte with the new facility capacity,
and also the actual truck traffic release timesaf@d hour period.

The results from this research can be very berticifuture modeling purposes,
or planning purposes. The structure of the netwarkbe changed or evaluated to see
what road improvements might best lower congesiitye. problems at the nodes or
intersections can also be analyzed with changestfiiic signal timings, or changing a
design and intersection approach. This kind of rhadd results can be beneficial to all
involved stakeholders, including the Memphis MP@ &ity of Memphis in planning
future road improvements and the BNSF rail interatddcility in identifying an

effective combination of gate strategies to redtmegestion.
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