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ABSTRACT

With the challenges attributable to increasinggineitraffic and roadway
congestion it is necessary to investigate oppaiasfor better management of goods
movements. Rail-truck intermodal freight transptiotacan be considered as one such
solution for reducing long-haul truck traffic orghiways. For the rail-truck intermodal
freight transportation to act as an effective tpamgation alternative, it is necessary to
evaluate its impacts on the transportation sysfeframework for evaluation of rail-
truck intermodal terminal projects with qualitati@ed quantitative measures has been
established using public goals and private stakidiglerspective. With the use of a case
study, some of these measures have been evaltedmmendations have also made
on data collection procedures for making a fullsewaluation. The case study selected
for the Project is the proposed freight intermddatninal at Petersburg, Virginia,
conceived by the Norfolk Southern Corporation. Tdnalysis formed a bridge between a
region and a corridor based analysis. The keyigsliof the study are as follows: (a)
Evaluation of an intermodal terminal project regaia systematic multi-regional
modeling approach; (b) The impacts of an intermaelahinal are region and trade
corridor specific; and (c) In cases where estimateztmodal rail drayage forms a small
share of the overall truck traffic, the introductiof an intermodal terminal does not have
substantial impacts on accessibility, mobility afesy. The study successfully developed
models for estimation of impacts, including a twage accessibility model for drayage, a
truck-rail mode choice model, truck involved crasbdels, and secondary local freight

traffic impact model, mainly using data from then@uonwealth of Virginia.
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CHAPTER 1: INTRODUCTION

1.1  Background
1.1.1 Definition of Intermodalism

According to the Transportation Research Boarthémnarrowest usage of the
term, intermodal freight transportation refersramsport of goods in containers that can
be moved on land by rail or truck and on water ltp ®r barge [1]. There are variations
in definition of intermodal freight transportatiawvailable in the literature [2]. Broader
definitions also include trailers as intermodaltsithat use more than one mode for
transportation during a single shipment.
1.1.2 Differences between Intermodalism and Traditional Feight Transportation

Intermodalism is considered one of the importanbadements in the area of
freight transportation and logistics. It is refigetof the structural changes that occurred
in the transportation industry over the past tweadies [1]. For example, the carriers that
were traditionally defined by a mode began redefithemselves in terms of services
offered. In addition to the major transportatiotivaty between the terminals closest to
the origin and destination of the shipment, otlegvises were offered such as
warehousing, drayage trucking, and terminal openatincluding provision of freight
transfer equipment, storage spaces, and laboo#aling/unloading, etc. Some or all of
these activities are outsourced to external agsrstieh as Intermodal Marketing
Companies (IMCs), or Third Party Logistics (3PL3), [The IMCs or 3PLs in turn

purchase rail, truck and other transportation sessiutilize equipment from multiple



sources, and provide the value-added services ansiagle freight bill to the ultimate
shipper.

From the perspective of a logistics manager, tieeofisntermodal units instead of
traditional freight units leads to higher produttiyfaster transit and safer transport due
to greater modularity, small handling times andealoe of intermediate consolidation
and/or deconsolidation steps, respectively [4]0Atke range of products that can be
transported intermodally, say, over rail is far enthran the traditional rail system.

1.1.3 Growing Importance of Intermodalism

With significant growth of intermodal freight trgyartation from late 1970s
following the deregulation of all modes, it waslizad by public agencies that
intermodalism is an emerging area of freight trantgtion. Taking the example of rail
intermodal, the traffic rose from 3.1 million trais and containers in 1980, to 11.7
million units in 2005. In 2003, rail intermodal passed coal for the first time ever in
terms of revenue for US Class | railroads, and¢wenue contribution stands at 23
percent of intermodal freight for Class | carridtss interesting to note that the doubling
of the 1980 rail intermodal traffic occurred by 099]. But, it was only in the past
decade and a half that legislature in terms of partation Acts (ISTEA TEA-21" and
SAFETEA-LU') has been enacted to make the multimodal approaichight
transportation planning a practice at the Fed&talte and Metropolitan levels. The aim
was to find more economic and efficient ways to$geort freight, with intermodalism as
a primary consideration towards achieving this ¢églintermodalism gained further

attention both in the public and private domaingwthe globalization of the economy

JISTEA —Intermodal Surface Transportation Efficigrxt
# TEA-21 — Transportation Equity Act for the 21stn@iey
" SAFETEA-LU — Safe, Accountable, Flexible, Effictéfransportation Equity Act: A Legacy for Users



and increase in international trade started pugiregsure on the nation’s highway
infrastructure [7].
1.1.4 Current Status of Intermodalism

Intermodalism is an evolving area of freight tramsgtion. It is continually being
improved to become more competitive. The stepsateabeing taken up by private
stakeholders are: (a) Identification of criticafjugements for success of intermodal
freight transportation; (b) Use of supply chain mg@ment techniques, such as sharing of
information and establishing protocols; (c) Impnment in equipment related
technology; and (d) Innovations in financing. Frpuablic sector perspective, efforts are
being made for inclusion of public sector concemglanning of intermodal freight
transportation projects and establishing a frepgbject selection process.

Some instances of the major improvements that heady been undergone are:

Shift to more economic and efficient hub-and-spsy&ems (in lines similar to

airline or less-than-truck-load (LTL) industry) bgnsolidations, mergers and

reduction in redundant trackage;

* Integration of information technology applicatiangdaily operations;

» Outsourcing of transportation and logistics, anddme cases even business
models by shippers to external agencies and/org@ppin consultants; and

» Frequent consultations between shippers and caroeshippers and IMCs,

carriers and IMCs



1.2  Problem Definition

Based on previous studies conducted by the Cemtdir&nsportation Studies
(CTS) at University of Virginia and review of publiocuments, it was found that,
although there have been several recommendatiotieequossible role of the public
sector in intermodalism, the integration of intedabfreight issues into the
transportation planning process for qualitativevai as quantitative analysis and
decision making is not complete in most StatesiwithS, including the Commonwealth
of Virginia. Thus, the number of studies founditeriature that incorporated public sector
concerns within the framework of intermodal freigfainsportation planning and
operations are very few. According to the Transgah Research Board, there is lack of
standard methods for evaluating freight infrastitesinvestment proposals [1].

This Study focuses on an intermodal rail-truckdghtiterminal project and the
development of a framework for evaluating its giadive and quantitative impacts on
public sector concerns, i.e. mobility, accessmil@conomic development, safety, the
environment and the community. The key outcomah@framework are identification
and classification of system impacts and developroemodels for evaluation of these
system impacts, where feasible. The use of thesdtsan a project selection process is
described.

This research was carried out using a case stuthytae objective of applying the
model and generalizing the findings wherever appatg The case study selected was
the proposed freight intermodal terminal at PetengbVirginia (hereinafter also referred

to as the “Study Facility”). The facility has beeonceived by a private railroad



company, the Norfolk Southern Corporation, to iaseetheir intermodal business near

Richmond, Virginia.

1.3

(@)

(b)

()

1.4

(@)

(b)

(©)

Study Objectives

The Study objectives were as follows:

Compile literature and identify issues relatednteimodal freight terminal
planning and operations that need to be addressed;

Develop a framework for characterizing the impaxdtan intermodal freight
terminal project on mobility, accessibility, econiordevelopment, safety, the
environment and the community;

Apply the impact analysis framework to a case sfiadility and assess to what

extent the terminal addresses the identified ftetgihcerns; and

Scope

The following are the limitations on the scope assd for the Project:
Interviews with terminal managers were carriedfouterminal locations in the
Mid-Atlantic and Southeastern parts of US.

The Study Facility forms part of a Heartland Coorighroject (Refer t@.5.1), and
hence the intermodal traffic to be served by tragdet Facility is assumed to be
mainly domestic.

The impacts considered in the modeling are notssacdy exhaustive but are

reflective of the available resources, and time landgetary constraints of public



agencies in the analysis phase. To the extentlgessiforts have been made to

avoid leaving out any important measure of impact.

(d) Full evaluation based on the theoretical frameworkhe case study was not

performed due to time constraints on the Study. éles, this Study recommends

strategies for additional data collection.

1.5  Structure of the Thesis

This Thesis is divided into several chapters, tscdptions of which are as

follows:

Chapter 1

Chapter 2

Chapter 3

This chapter provides introduction tgesttimatter of this Study and
describes the background for the Study, along thighproblem definition
and the Study objectives. A brief description & Htope is also presented
followed by the structure of the entire thesis.

This chapter provides the literatureaw\govering areas of rail-truck
intermodal freight terminals, mainly its characséos, and the unique
planning and operational issues. Also, findingsh@se aspects based on
interviews with intermodal terminal managers in kie-Atlantic region
are presented. Following this, some of the existamgprts and freight
project evaluation techniques are discussed. Thaireler of the chapter
deals with a description of available data sources.

This chapter details the methodologpWedid in the Study. The
framework for impact evaluation along with a flovaeth models used and

types of evaluation techniques have been descrifelassumptions,



Chapter 4

Chapter 5

basis for selection, and nature of inputs and dstfor the models are
presented.

This chapter provides a summary of cteitsahs made with public
agencies and a railroad company to obtain infolwnadh the case study
facility and the case study region. It describexpssing steps to generate
model inputs and scenarios. The results in the fafrmodel outputs have
been used to generate quantitative measuremeimtgpatts and then
interpreted. In addition, the qualitative impacévé also been
summarized.

This final chapter presents the conahssas the Study and discusses the
significance of modeling efforts. This chapter al®scribes the

limitations of the Study and provides perspectimeguture research.



CHAPTER 2: LITERATURE REVIEW

2.1  Components of the Rail-Truck Intermodal System

The general principle behind rail-truck intermottaight transportation is that it
can yield savings compared with truck alone if¢bst of the transfer (the cost of the
handling of the intermodal unit plus the cost & thfference in speed and reliability
between truck and intermodal) is offset by raiia/er cost per ton-mile. A schematic

representation of overall rail-truck intermodaltgys is indicated ifrigure 1.

RAIL-TRUCK INTERMODAL SYSTEM

INTERMODAL
TERMINAL
o o RAIL LINK D o
o o
o o
DRAYAGE
TRUCKING
SHIPPERS RECEIVERS

Figure 1. Schematic Diagram of Rail-Truck Intermodd System
The components of the rail-truck intermodal systemidentified and described
as follows ([3],[4],[8]-[11]):
2.1.1 Rail System
The US rail system is one of the largest with 58@mon carrier freight
railroads, approximately 177,000 freight employaed more than 140,800 miles
(excluding trackage rights) of active track netwaskon end of 2004. The railroads have

been grouped into separate classes based on pleeatimg characteristics as: (a) Class |



railroads (Se€igure 2); (b) Regional railroads; (c) Local linehaul cers; and (d)

Switching and terminal (S&T) carriers
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Figure 2. North American Class | Railroad Networl®
Well over 90% of US freight railroads, including @lass | carriers and all but
one regional railroad, are privately-owned and afezt. Major US freight railroads
receive little appreciable government funding umlike passenger railroads, which are
heavily subsidized. A vast majority of the trackégewned by the railroads themselves,
who incur large expenses on construction and maamige of their rights-of-way and pay

significant amount in the form of property taxestbeir rights-of-way and facilities.
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The rail ton-mile share has been trending slighfilward with the growth in rail
intermodal over the past 10 to 15 years, aftemnigkteadily for decades. Coal is the most
important single commodity carried by rail, accongtfor 43% of tonnage and 20% of
revenue for Class | railroads. Other major commeslinclude chemicals, nonmetallic
minerals, food and food products, steel and prinnaeyal products, forest products,
motor vehicles and motor vehicle parts, and wastesarap materials.

The services offered by intermodal rail include: Teailers on Flatcar (TOFC);
(b) Container on Flatcar (COFC); (c) Doublestack)and (d) Carless Technologies.
The majority of intermodal railcars used by the tiekmerican rail industry is owned
and managed by TTX Company, i.e. almost 91% ofdass | railroad mileage. Over the
past ten years, TTX has invested 3.9 billion in mailcar purchases (with 61% for
intermodal cars).

2.1.2 Drayage

Drayage is the movement of a container or traijehighway carrier between the
intermodal freight terminal and point of origin @estination of shipment. Typically
drayage is undertaken for distances of less th@miiles, although there are some
instances where drayage might be undertaken fohtauger distances. Drayage is
carried out based on contract(s) between the deatyagking firm(s) and either the
agency for intermodal terminal operations or thpsrs. The driver of the trucking firm
will provide the actual interface with the shipper pickup or receiver for delivery. The
driver may perform either adopt a “drop and pick™stay with” policy while

loading/unloading of trailer is carried out by gte#p/receiver.
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Drayage forms a significant portion of the costrahsportation, and can be as
high as 40% of the cost of an intermodal move ases of short haul freight movements
or when the shippers are located at large distaiocesthe terminal drayage costs can
dominate. It is interesting to note that althougbstrof the drayage agency costs are
time-based, e.g. labor and equipment; the sersioftén priced by the move rather than
by the hour.

2.1.3 Intermodal Terminal Facility
Intermodal freight terminals (Séégure 3) form an interface between the

highway and rail modes. They are locations wheeentbdal transfer of freight occurs.
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Figure 3. Typical Layout of Rail-Truck Intermodal F reight Terminal

During the early years of TOFC service, due to \mumes the railroads used a
technique called circus loading to handle internhtdasfer. This loading employs
ramps, either portable or fixed, placed at the@rttie railcar. Using the tractor, trailers

are moved up the ramp and onto the railcars. Tiesation has several disadvantages. A
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trailer cannot be unloaded without either moviridrallers between it and the ramp or
reorienting the railcars by switching, thereby tesg in low productivity levels for
loading and unloading. However, this process igpeeasive to build and operate,
especially for low volume locations.

In the past few decades, mechanization of interinedainals to perform lift
based loading and unloading operations has signitig improved productivity. The lift
equipment can move containers or trailers withothassis and have contributed greatly
to the efficiency of trailer and container movensent

The categories of equipment that are in commomuos&adays are sideloaders,
forklifts, reachstackers, straddle loaders, andrgamanes. Sideloaders are relatively low
cost machines especially well suited to trailerdlizng. Gantry cranes are high-end
machines suited to high volume container and trékeding. The increase in
productivity has a high investment profile withelalders and gantries costing anywhere
from a half of a million to several million dollars addition, mechanization needs the
terminal to be designed and constructed for equipmgerations, such as sufficient
spacing between tracks for loading and unloadinggsses and design of pavement to
withstand equipment wheel loads. This further adigstal investment requirements for
the terminal. Also, skilled labor with sufficiemtatning is required for using this
equipment.

In a few specialized intermodal terminals, loadamgl unloading processes are
handled through non-lift based technologies, eefvark of terminals using Triple
Crown’s RoadRailer carless technology. Developiogldestacking capabilities at

selected intermodal terminals may also impose amirgequipment specifications.
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Due to the need for high capital investments aedsttale economies of
mechanized lift and non-lift based equipment artitelogies, intermodal terminals
have undergone consolidation to form a hub-and-sggktem. In such a system, linehaul
movements are comparable to movements between &nudbsyver the road movements

are comparable to spokes.

2.2 Characteristics of Rail-Truck Intermodal Freight Terminal
According to McCalla et al [12], some of the eviland common characteristics
of freight transport terminals are:
(2) they enable the transfer of freight from one madartother;
(2)  theyrequire extensive land;
3) they require a high degree of accessibility to veaygsystem;
4) they have a relatively low rent-paying ability; and
(5) they generate certain environmental externaliteetiqularly associated with
noise and traffic congestion
To develop a systematic impact evaluation framewdecature review was
performed to further understand the input and dutharacteristics of a rail-truck
intermodal freight terminal (Sdégure 4, hereinafter referred to as the “intermodal
terminal” or the “terminal”) and the associatedrpieng and operational issues as
follows:
2.2.1 Demand
Demand at an intermodal terminal is the outcomeoaimodity flows occurring

from/to the region where it is located and is naistra-regional by nature. The rall
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inclusive intermodal industry faces stiff compeititifrom other modes of transportation,

especially the trucking industry (Referld.4).
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LAND USE & ﬂ ENERGY CONSUMPTION &
ENVIRONMENTAL SETTING POLLUTION

Figure 4. Input and Output Characteristics of Intermodal Freight Terminal

Cullinane and Toy [13] used content analysis osteg body of freight literature
to systematically identify most influential attriies in freight mode/route choice analysis.
The top five attributes identified are as folloa) cost/price/rate; (b) speed; (c) transit
time reliability; (d) characteristics of goods; a@) service. According to the authors, the
service characteristic is the most difficult to gtiy. Some of the other attributes
identified in literature are frequency, distandexibility, infrastructure availability and
accessibility, capability in terms of service amgipment, loss/damage, control and
tracking, and previous experience of shippers.

Another challenging problem is the balance of trédé an intermodal business
can achieve. Agents of the railway as well as tlufgbe shippers (such as IMCs, 3PLs,
Refer tol.1.2 can most effectively reduce the gap of loadelbvws to and outflows

from a terminal. Mr. Eric Potter, Tropicana Produictc. in his presentation at the"86
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Annual Meeting of Transportation Research Boartedtthat backhaul arrangements to
cut down empty flows need geographical fit, agresne rates, compatibility of freight
streams in both directions, supply chain and operatcoordination of both customers,
and finally sorting of accounting issues. The rerimag empty hauls, be it rail cars or
drayage units, need good management. Operatiogarobsis presently the best way to
address this issue [14].
2.2.2 Location

A number of factors influence intermodal termir@dtion decisions. McCalla et
al [12] based on their survey found that spatiakpnity of industrial firms to an
intermodal terminal alone is not sufficient for greisage of that transportation facility,
as in some cases this situation can be incidedther factors include proximity to
market (customers, distributors and suppliers)¢cspaquirements; access to
transportation infrastructure (other than the miedal terminal, for e.g. truck routes,
railway lines, port etc.); industrial growth in seled area; rental costs and types of
intermodal freight; container and vehicle charast®s and accessibility to labor.

Terminal location can be a result of interestsidésiests shown by various land
use groups (commercial, residential, etc.), whiikd in any other location problem of
transportation project deals with issues on locatmunity impacts, their distributive
effects, and external forces [15]. Also, the prmnsof transport improvements in the
environs of the terminal may have indirect effefctagilitating intra-regional movements.
2.2.3 Capacity

From an investment and planning perspective, cgpaeeds to match the

demand, throughput and service requirements, argrélates to the size of facility, land
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available for expansion, number and capacity aksasize and type of equipment, crew
size and their skill levels, capacity on road canoss to the terminal, and other support
infrastructure such as storage and office buildiegenmunication and ITS technologies,
etc. Flexibility in handling various sizes of comrs/trailers, and providing various
levels of service are also key elements to attréetmodal business.

Operational capacity of intermodal terminals camisasured in terms of the gate
capacity, the track capacity, the loading/unloadinge length, and the parking capacity
[16]. Some of the related issues are equipmernzatiibn, productivity of crew, train
schedule performance, traffic management, emptdisaibution, and parking
requirements. Long throughput times affect the@tary time and non-productive time
of trains at the terminal and may cause congestidhe terminal [17].

2.2.4 Mobility

Intermodal freight transportation is not a compk&ition to the problem of
congestion on trade corridors and metropolitansameshe US. As expressed by Mr. John
Gibson, CSX Transportation Inc. in his presentatibthe 88 Annual Meeting of
Transportation Research Board, increase in ragd&=ight transport cannot necessarily
eliminate congestion on highways. Some of the reastated were: (a) excessive levels
of current and future demand for both freight andsgnger transportation, beyond
capacity of all forms of available transportatiafrastructure; and (b) slow rates of
highway and rail investment due to lack of fundsyprofitability, lack of space, and
environmental concerns.

The investment in new rail-truck intermodal infrasture helps in merely

reducing certain undesirable long drayage movenfenexisting intermodal traffic and
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diverting part of long-haul truck based freight rmments to rail. Intermodal terminals
also generate hitherto absent local truck drayageements. The impact of such
movements on local mobility can only be assesseddan the location decision made at
project level. Assuming no capacity constraints emagestion on long-haul rail, it can

be said that the intermodal terminal transformsntiodility problem of several
lines/corridors form to twin points/regional form.

Relatively, a more manageable problem on mobiitshat of the minimization of
throughput times at the intermodal terminal wittiveen set of resources. This has been
extensively studied using the techniques of opamatresearch [18].

2.2.5 Accessibility

Intermodal terminals are neither the true origin the true destination of freight
flows. Hence, they require high degree of accd#silbo other transportation
infrastructure. According to NCHRP Report 466, shreicture and capacity of the
transportation network affect the level of accasisfwithin a given area [19]. In the
case of the intermodal terminals, this can be tlyeelated to the geometric
characteristics, pavement condition, capacity, laight and weight restrictions on
connecting road network. Terminal projects shod&hlly be combined with sufficient
roadway capacity addition and/or geometric improgets on adjacent road network to
minimize the pickup/delivery times and the negatiapacts that drayage movements
from/to the terminals can have on areawide accéisgib

The other aspect of accessibility is that of adbdgyg of the terminal to skilled
labor. The categories of labor activities includeipment operation for

loading/unloading, sorting and stacking; documesrification and equipment
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identification at gates and tracks; track operatiand rail car management; drayage
operations and truck fleet management. The avétiabind accessibility of labor with
relevant experience and/or training in the vicirafythe terminal at affordable wage rates
is critical to the intermodal terminal owner/operan achieving required throughput.
2.2.6 Land Use and Environmental Setting

According to NCHRP Report 456, changes in propeatyes are a product of
changes in accessibility and various social anai@tic effects (community cohesion,
economic development, traffic noise, and visualigg)d15]. A transportation project
bringing about any of these effects is likely tluance property values and the use to
which the land is put. More expensive land willdga be used intensively. However,
projects that increase accessibility of undevelapeds will tend to promote lower-
density land use patterns due to the availabilityelatively inexpensive land.

Barton et al [20] in their study undertaken in Mésota found that the location of
intermodal terminals often has depended on whereads had spare land adjacent to
freight rail lines. Many of these locations wersde¢han ideal in terms of surrounding
land uses and offered little scope for expansiomt@smodal traffic grows. This means
that in reality most of the terminals are Browrdi@lrojects, and are providing
accessibility to rail more often to developed arbas undeveloped areas.

Morlok and Spasovic [21] suggested that as thdilmtaf the terminal exerts a
great influence on the efficiency and cost of dggydand use policies that concentrate
industry and other cargo traffic generators in fmees that favor the use of intermodal

will enhance its potential. Examples for such geBare co-location of establishments,
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new developments in the vicinity of the terminaldaicking location alternative that
minimizes use of high traffic roadways.
2.2.7 Safety

Chatterjee and Stamatiadis [11] suggested thanioigalism has an impact on
highway safety by shifting traffic away from theghivay mode to rail over some portion
of a distribution channel. They attempted to qugrtkie changes in the truck travel
patterns and the resulting in truck vehicle mitas¢led (VMT).

Lyles et al [22] developed statistical informatiam the risk of crash involvement
for Michigan-registered trucks in Michigan. Thidpgeunderstand the affects of
reduction in truck VMT on highway safety. Their djdisaggregated truck crash rates
by road class, day or night, and urban or rurataipey conditions for different vehicle
configurations. The most significant and consistanotor associated with truck crash
rates was found to be the roadway class (hight=t om the “local” road system, lowest
on limited-access highways). Urban crash rates Voever than rural crash rates. Finally,
they also found that the type of access roads aehithe category used for drayage
movements can have significant impacts on highvadsts.

Harwood and Glauz [23] present the state of knogdeahd the state of the
practice concerning the accommodation of heavyclketion the highway. They discuss
the influence of physical and performance charéties of a wide variety of heavy
vehicle types, highway geometric design featuregfi¢ control devices and traffic

regulations.
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2.2.8 Energy Consumption and Pollution

Similar to safety impacts, reduction in truck VMidause of rail for long-haul
result in energy savings and pollution cost redungti However, it is reminded that
energy is also consumed in material handling d&&viat the intermodal terminal.

The energy consumption for freight transportatisf2004 taking truck, Class |
Railroad and water modes taken together is abd@ &#lion BTUs (i.e. 6.75 EJ
(ExaJoule)) [24]. Transportation related natiorggragates of energy consumption by
mode and greenhouse gas emissions are availathle frransportation Energy Data
Book of US Department of Energy [25].

Vanek and Morlok [26] based on their 1994 statsstioted that energy
consumption in freight transportation is roughlyeehird of the energy consumption of
passenger transportation and about 7-9% of tothluse of energy in the United States;
and it would continue to rise for trucks at a naech higher than other modes of
transportation, along with rise in concomitant feslissions.

According to US Environmental Protection Agency Ag&For long distances
(over 1,000 miles) intermodal freight transport cahfuel use and greenhouse gas
emissions by 65 percent, compared to truck-onlyead27]. Based on the Vehicle
Inventory and Use Survey (VIUS), it is evident teaergy intensity of vehicles
(measured in BTUs/ton-mile) has been declining teryears by increasing use of idle
reduction technologies (for e.g. microprocessottrotied Engine Control Unit (ECU)),
navigational system to minimize stop-and-go traffédial tires, air springs for

suspension, and other equipment and technologBsl{2s helpful to consider such

D1EJ = 1x18° 3= 9.4845 x1& BTU
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factors and the indirect energy uses (non-tranaport related) in more accurate

estimation of energy impacts of reduction in tré@¥T and/or shift to rail mode.

2.3 Interviews with Intermodal Terminal Managers

In order to supplement findings from the literattgeiew and to get a private
stakeholder perspective on planning and operatimaatices of rail-truck intermodal
terminals, a series of phone-based interviews wenelucted with the managers of
intermodal terminals located in Mid-Atlantic regi¢{®eeAppendix A for a sample
guestionnaire). The selected terminals are indicat&able 1

The focus of these interviews was to learn abdteréint aspects of the
intermodal terminals, such as history of the teahiourrent operations, coordination
efforts with public and other private stakeholdersq future of intermodal terminals.
Useful information was collected regarding the m@ii@ublic and private sectors in
establishing the terminal, extent of market coveragrvices provided, commaodities
handled, possible sources of funding, opportunfbeshipper feedback, public support
needed, management practices and techniques usegrtive coordination between the
work units, critical factors that influence a shépg decision, and lastly, factors that
contribute or deter the success of intermodal teaisi

Table 1. Selected Intermodal Terminals for Intervievs

SINo Railroad Owning Intermodal Terminal Location
1 Norfolk Southern Charlotte, NC

2 CSX Nashville, TN

3 CSX Charleston, SC
4 CSX Cincinnati, OH

5 CSX Syracuse, NY

6 BNSF Memphis, TN and

Birmingham, AL
" Interview was conducted with Vice President - imtedal Operations, BNSF
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Excepting the questions 1(a), 1(b), 3(a) and 3{h® questionnaire attached in

Appendix A, pertaining to the rail-truck terminainding, development and the

marketing of intermodal service, almost all intewees provided precise responses.

Overall the interview results have been satisfgctor

Some of the key observations and generalizaticatscdm be made based on the

interviews with terminal managers of the selectchinals are as follows:

1)

(2)

3)

(4)

(5)

Intermodal terminals that were constructed more thdecade ago were mainly
funded through private capital.

Operations of intermodal terminals have always Baeded through private
capital. On some occasions the lift and maintenaecéces at the terminal are
contracted out by the railroad companies. In soi8¥ @rminals, drayage service
is provided by CSX Corporation itself enabling thenbetter coordinate such
activities.

Intermodal terminals are more likely to be located region having extensive
road infrastructure (especially interstates) antt&ght generators.

In most cases, the development of warehouse fasilind distribution centers by
shippers is a consequence of locating an interntedalinal in a region; rather
than a cause for development of an intermodal teamExceptions to this can
occur when one or more manufacturing facilitieswiiigh intermodal demand
establish ancillary facilities like warehouses digtribution centers close to a ralil
line.

The split between international and domestic tradeyell as inbound and

outbound traffic vary widely for different terminkications. It mainly depends on



(6)

(7)

(8)

(9)

(10)
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the trade corridor to which it belongs and thewagl characteristics, i.e.
production and consumption.

It was observed that a practical limit for interrabdrayage can be considered as
just over 200 miles. On the one hand presenceheir aitermodal terminals can
reduce this limit, on the other hand lack of traorggtion alternatives can increase
the drayage distances.

Freight carried in TOFC/COFC is mainly categorizasd=AK (Freight All Kinds),
as a wide range of consumer products are combimadgingle shipment. In
addition, auto parts, paper, wood and printed matee other major products
transported over intermodal rail.

The marketing and sales divisions of railroad comgmdirectly acquire feedback
from the shippers. Additionally, one of the CSXmérals indicated that they are
responsive to shipper needs by sending out infoomain the state of the facility
on a day-to-day basis to intermodal marketing cangs(IMCs), such as number
of available trucks, chassis and equipment.

For the terminals consideredTiable 1, the railroad companies do not seem to
require much support from the public sector, othan in making minor road
improvements for maintaining good access to terh@and showing flexibility

and cooperation in approving site drainage plaaspgmmitting improvements.
Some of the techniques identified by the terminahagers for improving the
efficiency of intermodal transportation are to miet train schedules and

deadlines; use of good communication and data tdogn (for example,
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(12)

(13)

(14)
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Radio/Frequency technology), cameras and otherda@frautomation; use of
shorter trains with doublestacking; and reducimgieal dwell times.

Good management practices that are being followetidterminal managers
include daily communications, both verbal and etedt; weekly meetings;
monthly reports to the corporate office; cross fiormal meetings, safety
meetings, and “air-out” meetings; and local meetimih trucker/drayage
companies related to safety and throughput prosgasewell as reaffirmation of
processes with beneficial customers/shippers.

According to the terminal managers, critical fasttitat influence a shipper’s
decision to use intermodal service include weidlihe commodity, fuel prices,
transit times, cost, consistency in service (e&ability), and ease of service.
Overall, intermodal rail should be competitive withick pricing and service.
Looking at critical factors that contribute to theccess of intermodal terminals,
these include good marketing (regarding price amndice); good communications
with the trucking community and railroad personseipport from Local and
State municipalities; access improvements; saftedkand knowledgeable
personnel; efficient operating practices that enage expedient removal of units
from the facility to allow additional units handledth the same infrastructure.
Some of the deterring factors to the success efrimidal terminals have been
identified as space constraints and land-locking tdudevelopments around the
terminal; difficulties in achieving trade balané&gvironmental Protection
Agency (EPA) requirements; shippers/customers Wbavdong dwell time at the

property, or keep chassis supporting the facilggrations for extensive periods,
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thus creating chassis shortages; and other fattarsre opposite to the success
leading ones. One of the terminal managers sugfeseof satellite lots as a
potential solution for space shortages.

Some of the advanced technology applications ug&ZiSX include Radio
Frequency (R/F) Technology, ShipCSXlectronic Data Interchange (EDI)
Solutions, and Pegasus. Speaking of Pegasus fompdsait is a modern, flexible
Transportation Management System used by CSX'&itiggroup. It is a single,
comprehensive, integrated solution for processmagrs, performing dispatch
functions, managing equipment and drivers, progdiireless connectivity,
managing critical document images and providingkzttice financial
information for various types of intermodal traffEmploying wireless
communications built on BlackBerry technology, érs can instantly
communicate with call centers, and send/receivenséint data from any location
at any time.

The interview revealed that train schedules for G8Xprepared centrally at
Jacksonville, FL and local decisions are made onlyow to reach full capacity
of train. According to the terminal manager, intedal terminals are not just
about capacity building but looking at commoditigses that can be handled and
their requirements. Also, capacity improvementslmamade by reducing dwell

time and/or increasing hours of operation.

" CSX’s e-business (online) tool to plan, ship, ¢raad pay for shipments
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2.4  Measures of Effectiveness (MOEs) and Performance Msures (PMs)

The decision making within railroads, who are theetowners and/or operators
of intermodal business in US is made at stratdgigtterm), tactical (medium-term),
and operational levels (short-term) [18]. This $tlmbks at impacts of some of these
long- and medium-term decisions on the intermoelahinal characteristics. To assess
and to compare these impacts and their effectigeimesddressing the planning and
operational issues, measures of effectiveness (N@ttscorresponding performance
measures (PMs) need to be established. In thisySWMIOESs are defined as descriptors of
the impacts categorized under a specific publitosexbjective, which in turn falls under
a specific public sector goal. MOEs are measuretjus/o components, namely the
gualitative and the quantitative. PMs represengtiemtitative measurements.

USDOT's report [29] on the use of PMs by the SEX&Ts shows the state of the
practice. As an example, PMs used by the Stateeof Mdersey have been summarized in
Table 2 It can be seen that the objectives are typichlydesired characteristics of the
terminal. Here, they substitute the use of MOEstdubeir specific application to
intermodal freight planning. Also, it can be seleatta single PM definition can
simultaneously represent impacts on several worghagacteristics of the terminal. For
example, truck turnaround time affects the mobaisywell as the accessibility.

Table 2. PMs used in the State of New Jersey fortermodal Freight Planning

Objective Performance Measures

Accessibility Truck turnaround time
Drayage Distance
Average drayage time/delays (minutes)
Average drayage costs ($ per lift)
Customs delays (hrs per shipment)
Vertical clearance bridges viaducts and overpasses

Avalilability Type of modes handled
Loft capacity (annual volume)
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Objective

Performance Measures

Track capacity (size, acreage)

Gate facilities (queuing length, wait time)
Equipment availability

Container storage capacity

Cost and Economic
Efficiency

Cost per ton-mile by mode
Revenue per ton-mile by mode
Operating ratio

Safety and Security

Accident rate
Allowable size of trailer

Connectivity between
modes or intermodal
connectivity ease of

Interference of movement at grade crossings-détas and speed

connection
Time Average travel time from facility to major higay network (on
connector link)
Average travel time from facility to rail (on coaetor link)
Reliability Roadway and modal level of service

Operational Standards
and Productivity

Line haul speed

Percentage on-time performance
Availability of real-time cargo information
Doublestack capacity
Primary intermodal service schedule adherence
Secondary services status report

Environmental
Protection

Air quality/congestion reduction

Expansion capability

Fuel usage
Constraints to utilization due to noise (hourepération)
Constraints to utilization due to water qualitygdge fill permits)
Restrictions on hazardous waste transport

Legal and regulatory
issues

Weight Restricted Areas
Hours of operation

Economic Development

Market share of internatiamakgional trade by mode
Direct and indirect jobs created
Percent of State gross product

The PMs were originally developed in various Statagsponse to requirements

of ISTEA, 1991 (Refer td.1.3, which emphasized use of performance-based pignni

tools to assess the level and impact of intermsaalirhey formed an important part of

the Intermodal Management System (IMS), one oktkenanagement systems that were

required to be developed by the States [30]. Duelaxation from these mandates under
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Section 205 of National Highway System Designatah 1995, the structure of freight
planning has taken different shapes in differeatest

According to Chairman Mr. Neil J Pedersen of thanBportation Research Board
Committee on Statewide Multimodal TransportatioanPing, some of the planning
activities taken up by the States include custoba@sed planning and forming
partnerships with a diverse public; balancing léeign and immediate needs;
investigating alternative financing; solving prailke without modal biases;
understanding the economic effects of goods moveradopting new technologies;
considering the environment and environmental gesttonsensus building; travel
forecasting; reengineering the planning process;racruiting and training qualified
professional staff [31]. As a consequence, it veadized that the definitions of MOEs
and PMs in this Study are to be made comprehersigagh to reflect the wide range of

developments.

2.5 Review of Earlier Reports and Studies

As a natural follow-up task, appropriate public dments were reviewed to
identify the planning activities taken up by that8f MPO, and Local Government for
the region where the Study Facility is proposeldadocated.
2.5.1 VTRANS 2025 and Virginia Port Authority (VPA) Strat egic Plan

VTrans 2025 is the Statewide multimodal long-ratrgasportation plan of
Virginia developed in three-phase report [32]nitalved coordination among the
Department of Aviation (DOAV), the Department ofiRand Public Transportation

(VDRPT), the Port Authority (VPA), and the Departmef Transportation (VDOT).
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Stakeholder outreach was a key component of thetie transportation planning
process. The list of various goals and objectidesiified in this planning document is
shown inTable 3

Table 3. Transportation Goals and Objectives listedh VTrans2025

Goal Objective

Safety and Security Improve safety for system uaedsoperators within the system
and at mode origins/destinations

Increase the security of the transportation systedits users

Provide infrastructure, facilities, and communioas to meet
strategic and emergency transportation needs

Preservation and Preserve transportation infrastructure to achibeddwest
Management lifecycle costs and prevent failure

Encourage access management techniques thatyar¢iser
operational integrity of existing infrastructure Vehensuring
appropriate access to adjacent land uses

Maximize system utilization by increasing the @#ncy of
existing facilities and services through use ohtextogy and
demand management techniques

Maintain the effective and predictable operatibthe
transportation system to meet shipper’s expectatigrusing
technology and demand management techniques

Reduce transfer time between modes

Mobility, Reduce congestion for all modes
Accessibility, and
Connectivity Ensure seamless connections between modes by pgvid

networks of facilities that facilitate the journggm origin to
destination and all connections between

Increase capacity for the movement of people amdigo
Improve access to major activity centers
Meet basic transportation needs for special needslations

Expand modal choices
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Goal Objective

Economic Vitality Improve accessibility of the workforce to employrhen
opportunities

Improve accessibility of goods to markets

Improve accessibility of people to goods and sewic
Promote efficient use of current and future tramtgtion
facilities and services by coordinating transpataplanning

and implementation with local land use planning acdnomic
development goals

Quality of Life and  Maintain and improve air quality by meeting apptilsaair
Environmental quality standards
Stewardship
Maintain and improve water quality by meeting apglile water
quality standards
Maintain habitat and watershed quality and conmiygti
Preserve Virginia’s rich cultural and historic rasmes

Ensure that transportation facilities and servarescompatible
with the communities and destinations they serve

Fiscal Responsibility Maximize use of non-State funds
Maximize the system benefit of investments
Minimize life-cycle cost
Leverage opportunities between modes

Coordinate completion/implementation schedulesfanding of
interdependent multimodal projects

VTrans2025 identifies barriers to intermodal corivédy in Virginia as physical
and institutional. Physical barriers in connectiath intermodal freight include poor
access to general aviation airports and insufftaiéarance for doublestacked trains.

Institutional barriers include the traditional “s&pipe” independent modal agency
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planning currently in place, lack of flexibility #imnding programs, policies that
discourage intermodal projects, and organizatistractures.

Data collection and analysis of transportationteglaeconomic and demographic
trends were performed to determine strategic irfibois to be considered in
transportation policies. Transportation strategigggested in VTrans2025 to address
freight were identified as: (a) Increase investmerhe State’s freight movement
infrastructure, including maritime and inland portsl, highways, and aviation facilities;
(b) Facilitate coordination between private andljguhterests on freight issues; (c)
Consider establishment of a Freight Council madefigtakeholders and others in the
industry; and (d) Establish a Freight Office torgase attention to freight movement.

The framework for planning and prioritizing multichal projects at the State level
has been proposed through use of Multimodal InvestriNetworks (MINs) (SeEigure

5).

Hampton Roads Multimodal Access MIN

Richmond to Hampton Roads Passenger and Goods Movement MIN
Interstate 93 Passenger and Goods Movement MIN
Interstate 81 Passenger and Goods Movement MIN

. Interstate 73 Comdor/ Franklin County Airport Access MIN
Coalfields Access MIN

Route 29 MIN

Northern Virginia Connections MIN

Port Accessibility and Mobility MIN

Virgima Bicycle and Pedestrian System MIN

Emergency Transportation MIN

AeRTmoHMHONE R

(Source: Reference [32])
Figure 5. Multimodal Investment Networks (MINs) Identified in VTrans2025
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Multimodal network has been defined as interdepenaiiltimodal projects that
collectively serve a common purpose for transpiaman the Commonwealth.
VTrans2025 also provides criteria correspondintpéoset objectives for multimodal
prioritization, however, limiting their applicald§i to multimodal networks.

The Study Facility would have direct influence bie Richmond to Hampton
Roads Passenger and Goods Movement MIN. VTransad&iated Richmond
construction district has the highest deficientlamiles of about 391 (Séagure 6). In
terms of both Primary and Interstate highway inftagure, the number of deficient lane-
miles is relatively significant for the Richmondsttict. With port access improvements
as per 2040 Master Plan of Virginia Ports Authgrélyortages in transportation
infrastructure in Hampton Roads region are beirdyesbed to. However, similar

solutions need to be provided for the Richmondidist
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{1) Bristsl, (2) Salem, (3) Lynchburg, (4) Richmond, (3} Hampton Roads, (8) Fredericksburg, (7) Culpeper,
(&) Staunion, and (@) Northern Virginia

(Source: Reference [32])
Figure 6. Deficient Lane-Miles Based on Route Typand Construction District
The planning documents provided specific descniptibsome related projects:
(1)  As per the VPA Strategic Plan, the Heartland Corriditiative proposes the
expansion of a major rail freight corridor stretapifrom Norfolk to Chicago [33].

It will increase the 28 tunnels and bridges veltib@arances above the high-

speed, high capacity Norfolk Southern main linevMaetn Columbus, Ohio and
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Roanoke, Virginia saving 230 miles and one andliedags. Upon completion,
the rail network will have a fully cleared directute between Chicago, lllinois
and The Port of Virginia and all markets in betweBnis cleared network will
provide for the intermodal movement of goods betwéigginia, North Carolina,
West Virginia and Ohio and the rest of the Midwiash highly efficient
doublestack configuration. This project also pregidor a new intermodal facility
in the Roanoke Valley region of western Virginiait¢hard, West Virginia and
Columbus, Ohio providing intermodal access to dlomarkets through The Port
of Virginia. Over 20 years, the project will proeidip to $368 million in
economic benefits to shippers moving freight inldeartland Corridor. The
project was one of 13 transportation projects natdtie recently approved
SAFETEA-LU transportation bill as a project of matal significance.

Work is currently underway to widen a section detstate 64 between Newport
News and the Hampton Roads Bridge Tunnel in HamRimeds. Future projects
may include additional lanes to the west betweenpdet News and Richmond.
Originally part of the national “TransAmerica Calor” designated by Federal
transportation legislation in 1991, the Route 4@0@ridor location study is
currently underway to identify and evaluate potnthprovements to Route 460
between Hampton Roads and Richmond.

According to VTrans2025, freight rail is fundedtao State sources for capital

improvements and two Federal sources. The Stateeoinclude the Rail Preservation

Program and Industrial Access Program of $5.0 onilto $6.0 million annually. Federal

funds sometimes are available to projects in higged corridors of Virginia from the
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Railway-Highway Crossing Hazard Elimination Programd from the Section 130
Railway Highway Crossings Program. Funding to supgpecific railroad improvements
related to highway projects is provided on occagiom highway funding programs such
as the Federal Surface Transportation Program (8iAdP}he State Bridge Fund. Overall,
it is found that there is no State funding sourdé@ent enough to support freight rail. A
separate rail fund can help consider rail in the afisolutions for the transportation
capacity problems and promote partnership wittptineate sector, by using State funds
to leverage private sector investment.
2.5.2 Virginia State Rail Plan

This document provides detailed information onftitare needs of Virginia’s rail
system and introduces strategic recommendatione#t those needs through 2025 [34].
It includes several facts already discussed iresewaf VTrans2025 under freight rail.
Among the other information provided on rail fre&ighovements in Virginia, the
intermodal rail shipment tonnages by geography @fements has been presented in

Figure 7.

Thousands of Tons

63

IL-VA NJ-FL OH-VA VA-OH CA-M] FL-IT VAEY MNI-GA
VA-IL VA-VA EY-VA IL-NC NCIL MD-FL VA-GA

(Source: Reference [34], 2001 Surface TransportatioBoard
Carload Waybill Sample)
Figure 7. Intermodal Rail Shipments by Geography
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It is observed that most of the intermodal raiffican Virginia is east-west
oriented, with moves between lllinois and Virgin@hio and Virginia, and Kentucky and
Virginia predominating. To a lesser extent, nomlitd moves between New Jersey and
Florida, and Georgia and New Jersey are also pr.eBleis planning document also
provides details on locations of existing rail-kkuostermodal terminals (Sd&gure 8)
and the corresponding connectors. It can be setithé terminals are clustered around
the port area of Hampton Roads, Richmond, Roareie pthers scattered along the 1-81

Corridor and Northern Virginia.

Virginia State Rail Plan
2001 Rail Intermodal Terminals

®  Rall- Highway /| | | ¥
@ Rail- Water _- S Ay J
."i’"

N Rail thm'.lllﬁ

“
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Source: Burean of Transportation Statistics, Virginia DRFT, and Federal Railroad A dministration.

Figure 8. Existing Intermodal Terminals with Rail Access
Speaking of the prioritization process and rankivagrix, the document states that
the current process in Virginia already capture®iss of the key items related to the
benefits of public investment in railroads. The miagnefits considered are number of
jobs created and reduced transportation costsr@jeqt size, complexity, and costs
increase, there is a need to demonstrate more dindctangible benefits to sell railroad
projects to the general public. The public is logkfor improved travel times, reduced

highway congestion, reduced highway costs, impreaddty, improved environmental
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guality, lower taxes, and lower prices in retagres. Another item that must be
considered when evaluating projects is the sourteedfunding.

The document suggests that the process and ewalutallocating public
funding to freight rail projects for congestion igétion, avoided highway costs, or other
purposes is not well established. In order tofygtublic investment in private freight
railroads, it will be necessary to quantify the &fs. The document provides a broad
framework for such project evaluation and rankiggploviding public benefit criteria
(SeeTable 4).

Table 4. Specific Public Benefit Criteria for Publc Investment in Rail Projects

Sl No Public Benefit Criteria’

Safety, security, maintaining overall state obdjoepair.

Improved capacity and service speed, reliabiibd availability.

Improved transportation choices and intermodahegations.

Increased employment, business competitivenaddpaal tax base

through industrial attraction and expansion.

Congestion mitigation and improved air quality.

Cross-modal benefit/cost and ability to workandem with highway

investments (through avoided or reduced highwatraation and

maintenance costs).

7 Viability and sustainability of private commitnten meeting
performance goals related to public investment.

" Not intended for detailed project-level evaluation

A WN P

o Ol

2.5.3 Richmond Area Freight Study

This study addressed ways to enhance the econemipetitiveness of the
Richmond Metropolitan Planning Region by enhandiegght movements through the
region and investigated the possibility of a futumermodal transportation facility to
improve the linkages between highway, rail, air pods [35].

Considering the transportation system (Begire 9), three interstate highways
(1-95, 1-64 and 1-85) and numerous other major veayk are present in the Richmond-

Petersburg area. Two Class I railroads offer seriodhe region. An international airport
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is also present as well as a port facility on teads River. Regionally, numerous
trucking firms have a presence in Richmond duéstgeographic location. Richmond is
a regional trucking center, servicing the needsafy distribution centers,
manufacturing and service organizations. Thusk#tdiorm large percentage of current
volumes on portions of 1-295, 1-95 and US-460. Tikaviest overall volumes are on 1-95

and portions of I-64 (west) and 1-295 (south), wor$ of US-360 and US-460 also carry

high truck volumes.
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Source: University of Virginia Library, 2000

(Source: Richmond Regional Intermodal Transportation Study, 2001)
Figure 9. Location Map for the Richmond-PetersburgArea Intermodal System
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Speaking of railroads, CSX is the principal railfoa Richmond, with mainlines
both east-west and north-south. On the other ithed\orfolk Southern’s principal
north-south line runs through the Shenandoah Vaiel/Front Royal to the west of
Richmond. Their major coal line, which connects¢bal producing regions in West
Virginia to the Port of Norfolk, passes throughd?sburg. The NS line serving
Richmond passes through the downtown section ofttyeof Richmond, crossing the
James River on the fall line. A branch line froncithond terminates at the port of West
Point on the York River, which empties into the €4ygeake Bay. The study suggested
that the use of rail to move freight in the Richrdaagion is unlikely to grow
substantially, especially relative to the expedravth in trucking. The factors that
could increase the forecast include the incorponadf an intermodal facility in the
Richmond area, increased demand for coal, or sognif upgrades in the speed and
reliability of rail service.

The document discussed the demographic trendsaaddukse (SeEigure 10), at
State level as well as that for the Richmond-Pbters Metropolitan Statistical Area
(MSA). It found that changes in spatial growth led population in both a regional and a
national context are creating shifting demandsétain modes, primarily highway
usage. The industrial areas within study area akse@found to be predominantly located
adjacent to the major through highway routes.

The study also investigated feasibility of an imedal facility and its potential
locations. As a part of this, the shippers, truakiers, air cargo providers and private rail
companies were surveyed. The focus of this effad an estimating the number and type

of trips that will be attracted to use the newlffgii.e. developing scenarios of freight
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forecasts. The impacts of developing new intermdatalities were not evaluated. The
rail service providers indicated no desire for@teimodal facility at the time of the
study. The study recommended based on their fisdingt the conditions did not warrant
the immediate development of an intermodal facilligere was also competition
identified from other existing intermodal facilisiglocated at Baltimore and Charlotte.
No specific cost estimates or improvement plansweitlined. The study recommended
development of a process for gauging comprehemsigemodal demand and developing
a set of sufficient conditions that when met, woeddl for the development of an

intermodal facility.
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(Source: Richmond Regional Intermodal Transportatlmgtudy2001)
Figure 10. Land Use Map for the Richmond-PetersburgSA

2.6  Available Databases
There are several sources for freight flow datd.[Bé&sed on the applicability,

availability, access and accuracy for the evalmabibsystem impacts, few of these have
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been selected. Due to the nature of impacts béudiesl (Refer td..3), information

other than the freight flows is also essential. €bmnplete list of databases that was

found useful for the Study is described in thigisec

(1) Oak Ridge National Laboratory (ORNL) GIS Database

According to documentation for the database, thie Ridge National
Highway Network (NHN) is a geographically basedlginanetwork of major
highways in the United States stored in the forra database [37]. Data included
in this network come from several sources, inclgdil8GS National Atlas
Digital Line Graphs (DLGs), State Maps, Other M§p250,000 and 1:100,000
scale USGS maps), Highway Performance Monitoringt&Sy (HPMS) for
attribute information, Defense Movement Coordinst@lGER/Line Files for
roads not represented in the DLGs, DigitizatiotJdban Area Maps, and NHPN
version 2 for geographic shapes, functional clgsses National Highway
System flags. The database is useful to performvor&tanalysis and to visualize
evaluated impacts. It was provided along with theb@l Insight, Inc.’s (GllI)
TRANSEARCH Database.
The factors that degrade geographic (or locaticaadyracy are: (a)

Centerline representation: When separated diregtioadways were far enough
apart to have distinct alignments in the DLGs, oh#hose roadways (invariably
the shortest) was chosen to represent both directibtravel; (b) Interchange
representation: Interchanges and traffic circlessmost always represented by a
single point, or node. Ramps are explicitly inclddie the NHN only when they

are long enough; (c) Straight-line links (shapeiinfation not considered); and
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(d) No source data exists: Many new roads in thé&lNid not have
representations in either the DLGs or TIGER.

The factors that have an impact on topological eammuare: (a) Non-
planar: A route which passes over another withayt@nnection that traffic can
use will be represented without a common nodeeattbssing; (b) Explicit
ramps: Most interchanges are represented by aesnogle at the intersection of
centerlines. However, if this misrepresents theaye distance of travel through
the interchange by more than a half kilometer otts® interchange will be
decomposed into multiple links and nodes; (c) Nwlaamps: Especially in
congested areas, it sometimes happens that a cosghohramps will serve to
connect an expressway with several nearby surteeets. Rather than have
separate nodes at the crossing of the expresswheach street, a single node
along the expressway will represent the “intercleéramd links will run from this
node to surface street intersections.

Global Insight, Inc.’s (Gll) TRANSEARCH 2004 Databa

This data was provided by Virginia Department cdisportation for
conducting the Study and is useful to estimaters¢wé the systemwide impacts.
According to TRANSEARCH documentation that accongdnhe database, it is
an annual, nationwide database of freight trafbievé between US county or
zipcode markets, with an overlay of flow acrossasfructure. The database
draws from data sources indicatediable 5.

The procedure begins by establishing State proaluetblumes by

industry or commodity. This information is drawmorin the Census Bureau’s
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Annual Survey of Manufactures and the Census ofuééantures. Both of these
sources report production in dollars, which areveoted to tons using commodity
value/weight relationships maintained by Gll. Togessmoving by rail, water,

air, and pipeline are netted from the totals (wlsehve as control totals), leaving
the remaining freight volumes allocated to trucstidbution patterns. Export
volumes are developed by the same procedure. Inaplhutnes, drawn from US
Department of Commerce data, are subsequently caahlnto the traffic flows

at the point of importation. Separate databaseslAFTA traffic are produced
and offered in conjunction with the US data setldézal and intermodal trailer-
on-flat-car/container-on-flat-car (TOFC/COFC) trafire maintained as separate
volumes. For much of the intermodal traffic, thentoodity is identified only by

the general classification FAK (Freight All Kinds).

Table 5. Data Elements used in Developing ProductieConsumption Patterns

SI No Database Used for Estimating
Modal Flows

1 US Dept of Commerce Census/Survey of Truck, Water, Air
Manufacturers

2 Gll Industrial Production Indices Truck, Wateir A

3 Trade Association Production & Shipment Truck, Water, Air
Reports

4 US Geological Survey Mineral Industry Reports ck;WVater

5 Global Insight, Inc. (GII)/InfoUSA Street- Truck
Address Industrial Employment & Activity

6 County Population Data Truck

7 Inter-Industry Trade Patterns (Input Output Truck, Air
Table)

8 Motor Carrier Industry Financial & Operating Truck
Statistics

9 Railroad Industry Proprietary Traffic Factors dku

10  Private Port Directories Water
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Secondary traffic in TRANSEARCH is divided into waouse and
distribution traffic, and drayage. Air and railéninodal freight fall under the
latter category. Special definitions of STCC Codemsjuely identify these
movements. Three sources of information are usedtimation of the warehouse
and distribution center flows. First, shipmentsaanbd to markets, combined with
input/output tables and analysis of certain aspefctise CFS give a preliminary
picture of volumes. Then, locations of warehousdifees are compiled from
street-address establishment data and informatmrided by the Public
Warehouse Association. Based on employment leveldagility size where
available, Gll algorithms are applied to estimatgat. Third, portions of data
from the Motor Carrier Exchange program are usezhtibrate distribution
patterns. After developing linkages between pradacind transportation flows,
the flows are routed using ORNL algorithm that sel@ single, lowest
impedance path between any pair of counties. Impetareflect distance, class
of highway and travel speed, and tolls. Routingdfitlver modes is carried out
using Global Insight, Inc.’s own routing models.

(3)  Census Bureau State and County Quick Facts

Few of the demographic and economic data wereablaibnline and the
gathered data include population as in 2006, laed as in 2000 and per capita
income as in 1999 for counties in the Commonwaeatfirginia. Other county
related economic variables like wholesale traderatall sales, manufacturer
shipments, etc. are found to be less useful as maimyes that data is suppressed

to avoid disclosure of confidential information.
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IMPLAN County Wise Employment Data

This data was available from previous studies cotetliat Center for
Transportation Studies at University of Virginidhel'year of the data is 1999 and
is in the form of county wise and sector wise emgplent and employment
growth rates. It provides details on the transpiomerelated employment, a sum
total of employment in motor freight transportatemd warehousing, water
transportation, transportation by air and transgmt services.
Virginia Department of Transportation’s (VDOT’s) &h Database

This database was made available by the Virginén3portation Research
Council and provides information on crashes by fianal class of highway,
vehicles involved and location (i.e. close to oagvirom intersection) within the
Commonwealth of Virginia.
VDOT's GIS Integrator

The GIS Integrator is a GIS interface to view emise business data
(such as accidents, traffic volumes, constructiajegt information and assets)
together in an easily accessible format, usingiéle browser on the desktop. It
was also made available by the Virginia TranspamaResearch Council. It
enables data to be dynamically viewed and queniedlationship to other data on
a location-referenced map. This database is usefprbviding traffic related
information for rough link travel time estimation.
2005 Rail Waybill Sample

The annual Rail Waybill Sample is developed byAlsociation of

American Railroads (AAR) under contract with thef&oce Transportation Board
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(STB). Itis in the form of a single ASCII codedtadile. The Public Use version
consists of 247-byte records and captures deteifednation on total rail traffic,
commodities, revenues, origin-destination flowg] avuting information. This
data was purchased from the office of Surface Taration Board. The
aggregation of flow data is done to Bureau of EcoiccAnalysis (BEA) level.
Annual statistics for railroad shipments in terthe@wmber of carloads, shipment
tonnage, and revenue of railroads for each samphegory are computed using
an expansion factor defined by the ratio of theypajon to the sample size. This
database, in conjunction with the GIl TRANSEARCHatmse, is useful in

performing truck-to-rail diversion analysis basedrevealed preference.
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CHAPTER 3: METHODOLOGY AND DATA COLLECTION

3.1 Basis for the Framework for Evaluation of System Inpacts

The previous chapter described the vital infrastmgcand technology that an
intermodal terminal project provides, and ideapgaking how it can act as a cost and
service alternative in promoting the competitivenekintermodal transportation relative
to truck-based transportation. The characterizatfiantermodal terminals helped
identify issues related to the measurement of ptajepacts and select variables for
modeling purposes.

The existing reports indicated that the evaluatibmtermodal terminal projects
based on their impacts has several advantages fuutilic agencies and the private
firms. For example, the VDRPT can assess the rerqulblic sector involvement in rail
freight projects, the VDOT can learn the extentasfuction in congestion on the
highways and the Metropolitan Planning Organizatian determine the effect on
regional economic development due to addition tohasportation choice. Finally, the
private stakeholder such as a rail company or @psihican compute profitability due to
expansion of the intermodal business. The methgygbtooposed in this Study combines
the various public and private sector benefithefevaluation into a single impact

analysis framework.

3.2  Steps in the Framework for Evaluation
The framework described in this section has bepresented in the form of a

flowchart inFigure 11
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Figure 11. Flowchart for Evaluation of System Impats
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As the flowchart shows, the steps and tasks adedomth the framework can be

divided into three stages, namely, pre-impact aglympact analysis and post-impact

analysis. The components of these three stageteaceibed in the following sub-

sections.

3.2.1 System Identification and Inventory

In this step information about the project termjrigl market area and competing

terminals is collected and includes the followiagKs:

1)

(2)

3)

(4)
(5)

(6)

Determine scope, purpose and project details optbposed terminal based on
information gathered from project proponents anblipiagencies involved.
Assess characteristics of the proposed locatidheointermodal terminal, such as
land use, industrial developments, physical infredtire, etc.

Identify a study area that includes location ofititermodal terminal, its potential
market outreach, and locations of competing raitkrintermodal facilities. The
study area should consist of as small analysisszasgossible for improving
accuracy of freight traffic analysis. The analy=isies may be defined differently
for different types of analysis in this framework.

Identify key commodities entering or leaving or giag through the study area.
Collect existing truck and rail intermodal commg@dibw and intermodal truck
drayage information for flows with either origin destination in the study area
and as related to purpose of the project.

Collect information on demographic and economi¢aldes such as population,
per capita income, employment and industries thatbe linked with freight

flows amongst the analysis zones of the study area.
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It is assumed that competing direct trucking féesi are uniformly distributed
over the entire study area and do not need anyadpeentification.
3.2.2 Obtaining shipper requirements and preferences

In order to realistically estimate demand, a statederence survey of the
shippers in the study area needs to be conductedels and Rotaris, and Wardmam
discuss some of the inherent benefits of the stattefddrence survey over the revealed
preference approach of transportation demand esim@38],[39]). Types of
information that can be collected in such a suinejude:

(1) Perception of study area shippers about intermindasportation;

(2)  Type of industry, types of commodities transportsinmodity characteristics
transported using intermodal units;

3) Service requirements, willingness to pay and wgifiess to accept; and

4) Logistic costs incurred due to time sensitivitysbfpments.

The Study does not discuss details on modelingethoice process using the
stated preference survey data. It is however poiote that multi-criteria analysis
models can be built on the stated preference daizhvin turn can yield the utility
functions of the choices [40].

3.2.3 Estimating demand and drayage

As already discussed 2.1, an intermodal terminal very rarely is the soledamo
available for transportation of freight in a regidins set in a competitive setting with
several trucking firms and other intermodal terrtginln some cases, long-term shipping
agreements with the competing intermodal and/@rctlitrucking agencies disallow shift

of business to a new terminal. The shippers mayra®d to incur expenditure to
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establish infrastructure such as warehousing ongamerization facility in the vicinity

of the new terminal. Lastly, not all types of fieigan be moved in rail intermodal units.
Hence, the way to assign freight shipments of &retp an intermodal terminal and
thereby estimating its demand is very complicaiedhis Study, individual shippers in
the analysis zones could not considered due toaseapic nature of the traffic and
economic data used.

In absence of market analysis data from the ralla@anpany and the stated
preference survey data, the demand and drayagesasset step consists of the following
tasks:

(2) For diversions from existing intermodal facilities,

(a) Using the network analysis module in GIS softwa@eGIS Version 9.0
used in this Study), determine the shortest majoess routes between the
study analysis zones and the intermodal facil{iesluding the proposed
facility). Then compute volume-to-capacity (v/c)ioa over all the links
on these routes. For evaluation purposes, estiataiss times on the
identified routes using a modified Bureau of PuBRmads (BPR) curve

with the equation as shown below [41]:

where t = link travel time in minutes;
| = link length in miles; and

s = free flow speed in mph
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Better prediction equations for travel times unclamgested and
uncongested, interstate and non-interstate conditiave been developed
in the literature. In an effort to incorporate soofi¢hese variations, the
following free-flow speeds were used in this Stu@y:Rural Interstate: 65
mph; (b) Rural Principal Arterial: 60 mph; (c¢) Urblnterstate or Rural
Minor Arterial or Rural Major Collector: 55 mph;)tUrban Freeways and
Expressways: 50 mph; and (e) Urban Principal Aaterand Major
Collectors: 45 mph.

(b) Estimate the diversion of intermodal freight traffo the proposed
intermodal terminal from a competing facility usiagwo-stage
accessibility model. It is assumed that tons afjfieto a terminal in
relative terms is reflective of the choice probipibf that terminal for a
particular analysis zone.

In the first stage, a multinomial logit model baggdmaximum
likelihood estimation for the terminal choice prbbiies of the existing

set of competing terminals is fitted. The modelsusealed travel time

. t -t .
deviation,t’ =( ' me“j, as an explanatory variable. Heterefers to

med
travel time to terminaill, andt ., is the median travel time for all of the
existing terminals.

Based on (a) above, the number of observationsfosdide model

estimation will be a product of the number of as@ywones and number
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of existing competing facilities. The multinomiabufel consists of the

following (n-1) generalized logits of marginal peddlities:

Multinomial Logit: In(ﬂJ =L, +B;t°+€,i=1,2,..,(n-1) (2)
T

1
n

where, 7 = percentage of market captured by terminal

7t = percentage of market captured by termmale.

last in an ordered sequence of terminals

Other potential explanatory variables that coulctded in
Equation (1) include available area, employment, pricing, lesfel
service, etc., which are the terminal charactessti

It can be seen that multinomial regression resul{s-1) sets of
parameters, which is not convenient for predictbfiows to a new or
proposed terminal in probabilistic sense. Hender @hecking for
goodness of fit of the model in the first stageeaond stage model is

proposed. Here, a Pooled Ordinary Least Squares3P@gression is

T,

carried out between the logistic function estim{t:eskn(iﬁ from the
first stage model and all of the scaled travel tdeeiations to obtain a

common estimate of the parameter $,(3,) for all terminals. The
equation used is shown as follows:

nﬂj =B, + LS +e 2)

n

POLS: In(
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Now, the new terminal data is included and tJjg is recalculated

to obtain newt! values leading to revised choice probabilitiese Th

outcome is that the drayage requirements fromAatialysis zones within

the study area to the proposed terminal are estamat

(2) For truck-to-rail diversions,

(@)

(b)

(©)

(d)

()

Group the analysis zones closer to the new termmt@la single analysis
zone. This is done for convenience of modeling nmad®ce for long-haul
movements.

Select analysis zones which lie close to the ilidor (that serves also
the new terminal) and have a maximum drayage distahabout 200
miles. Also, select these analysis zones suclttiegtare beyond 500
miles by distance over highways from the centrdithe analysis zone
derived in (a). The reason for choosing 500 meahat this is a distance
that can typically be covered over a highway in dag by a truck.
Effectively in this Study, truck-to-rail diversi@analysis is performed only
for truck freight taking longer than one day.

Estimate the commodity flows which can be transggblietween the
analysis zones derived in (a) and (b), while sdrepaut the commodity
types that are highly mode specific.

Gather mode choice attribute information such atadce/cost, travel
time, reliability etc. for both truck and rail.

Estimate the freight traffic diversion from truakrail by use of a mode

choice model. The options for modeling the modaaghnclude the
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binary logit and the Ordinary Least Squares (Olegyession (with a
model structure similar to the binary logit). Dwethe grouping, selection
and screening processes, the number of analyses zmmes down
drastically for this type of diversion analysis.uEh binary logit model
cannot be confidently applied. Therefore, for as@lyones with non-zero
truck and rail freight movements, OLS regressionveen logarithm of
the ratio of truck to rail total flows and any bktindividual mode choice
attributes is suggested. In this Study, the difieeebetween distances by
truck and rail is the explanatory variable usethenmodel. The distance
by rail also includes the drayage. The equatioatirey the variables is as
follows:

TruckTonFbw

OLS: | - Intercent+ 4 (DiffDist ;
n( RaiITonFIcwj ntercept+ 4 (DiffDist) 3)

The model is estimated using existing mode sptit@ode wise
distances. It is then used to predict the new nsplieconsidering the new
terminal location. As a result the percentage chaidreight flows
to/from the analysis zones that are located away the study area is
estimated.

3) Future demand and drayage,
Repeat the steps (1) and (2) for forecasted freigffic, as provided in
the commodity flow databases to predict future aden
Once the demand and drayage for freight from/th @aalysis zone is

ascertained, obtain the change in truck flows lying the model results between
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centroids of these analysis zones or by superimgdbeem over the study area’s road
network after applying the estimated percentagagésto the truck flows.

Although empty hauls is another critical comporafthe demand assessment
step, it is not modeled in this Study. As explaimed.2.1, the empty hauls are an
outcome of a complicated series of activities takgrno reduce the gap between inbound
and outbound traffic. In addition, operational p@s and level of coordination followed
by the railroad company and the shippers affechtheber of empty haul miles. It is a
topic considered for future research. For the Stitdy assumed that the rail company
and the shippers will follow best industry practi¢®efer td2.3) in communication and
coordination to minimize the empty hauls.

3.2.4 Selecting and Evaluating MOEs (Qualitative Measure$QMs) and PMs)

After identifying the key decision alternativesan intermodal terminal project
that needs evaluation, it is necessary to seletstandardize the MOESs to be considered
in an evaluation of a project alternative. It iscahecessary to allow comparability of the
intermodal project with other freight projects. deercome the problem posed by
individual public agency and private stakeholdé¢eiests, it is suggested to use a
common set of goals and objectives for establistheglOEs, QMs and PMs. Since, the
VTrans2025 goals and objectives are a result ofra gffort of several public agencies;
these formed the basis for establishing the MOBs. frivate stakeholder perspective is
incorporated indirectly through the definitionstbé MOEs. The comparability issue gets
addressed because other freight projects can alsgdluated based on the VTrans2025

goals and objectives.
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The global set of MOEs along with their qualitataved quantitative measures
(PMs) has been describedTiable 6. The choice of these measures is based on their
applicability to a wide variety of intermodal temmai projects, practical relevance, and
compatibility with public and private data collemti Among the comprehensive list of
measures for evaluation of intermodal terminal gty some are meant for a planning
stage evaluation and others for an operations stegeation. Hence, depending on stage
of the evaluation and resources available withatliency conducting the evaluation, a
suitable list of measures can be selected frommtlaister list.

The QMs as described within the list of MOEs careba&uated by use of survey
instruments or interviews, use of checklists, gis#ts and review of project documents.

In connection with the established PMs, the estomgirocedures can be broadly
classified as simulation based and non-simulatased. The simulation based techniques
include discrete event stochastic simulation oftémminal operations and microscopic
traffic simulation of the landside operations. Aault of the data intensive nature of the
simulation techniques they are rarely used formuelal terminal projects with a small
scale investment. Some of the implemented disenatat stochastic models were
identified in literature ([42],[43]). Due to thenitations on time for the Study, modeling

aspects of the two types of simulation techniquesmmot been further investigated.
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Table 6. MOEs, QMs and PMs for Intermodal Project Evaluation

MOE

QMs

PMs

Improve safety related to truck, «
shipments during transit and
routes for hazardous materials «

Identify truck routes, restrictions, and routes
for hazardous materials

Check condition of equipment and human
skill levels for containerization and materiale
handling at the terminal

Estimate change in truck involved crash rates
on regular truck routes and routes for
hazardous materials used for drayage
Compliance rates on truck restrictions by
drayage truckers

Percentage of damaged shipments by value

Improve security of shipment
using tracking, and check-in
and check-out procedures

Check accuracy and robustness of shipment
tracking technology

Check soundness of shipment identificatiorr
procedures

Number and value of shipments that failed to
reach destination annually

Number of unidentified or wrongly identified
shipments annually

Handle strategic and .
emergency transportation needs
such as excessive demand, .
equipment failure and roadside

congestion .

Check availability of repair tools and spare ¢
parts .
Check availability of standby equipment
and staff

Check availability and quality of routing
information

Estimate equipment repair/replacement time
Estimate instantaneous spare capacity in
terms of TEUs that can be handled at the
terminal

Estimate travel time savings due to routing
information per drayage truck-mile

Minimize capital, operational
and maintenance costs (i.e.
lifecycle costs) for the terminal

Identify site type for development .
(Greenfield or Brownfield) .
Identify equipment type (purchase or lease)
Check use of any planning and coordinatiom
techniques for pickups and deliveries .

Estimate cost for land and development
Annualize cost of equipment

Estimate annual cost of operations

Estimate annual drayage costs

Estimate annual energy costs at the terminal
Estimate annual routine and periodic
maintenance costs

Preserve intermodal .
transportation infrastructure  «

Check age and condition of the equipment »
Make gualitative assessment of pavement o
condition along the truck routes .

Estimated change in total truck ton-miles
Assess practical capacities of equipment
Measure roughness, surface distress, skid
resistance and deflection on the truck routes
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MOE

QMs

PMs

Manage land side access for the
shippers using the terminal and

coordinate with the local land .
use policies .

Check availability of land for future .
terminal expansions

Predict changes in the land use pattern
Assess impact of the local land use policies
on the terminal .
Nature of access control on the truck routes

Estimate change in land value, population
density and per capita income

Estimate change in percentage of local
passenger trips on the truck routes
Estimate changes in travel time per drayage
truck-mile

Maximize terminal system
utilization by managing
terminal space, equipment and

Assess extent of segregation of terminal
space and activities
Identify pickup or delivery policy followed

Estimate average check-in and check-out
time losses per shipment per service type
Estimate average dwell time per shipment per

operations » Identify type of equipment and transfer service type
technology used » Estimate average shipment transfer time per
e Check human skill levels for handling service type
specialized functions » Estimate equipment transfer time losses over
» Assess nature of fluctuations in demand a unit period of time
over time » Estimate idle time losses of equipment over a
* Identify type of communication technology unit period of time
» Check use of various levels of service » Estimate number of empty hauls per
shipment per service type
Reduce congestion on » |dentify highway capacity improvements ¢ Estimate change in ton-miles of drayage

highways and minimize
impacts on the capacity for .
movements of people and

resulting from terminal development
Identify changes in the pattern of truck .
flows

truck flows

Estimate change in ton-miles of non-drayage
truck flows

goods » Identify major activity centers (residences, ¢ Estimate change in vehicle-hours of travel on
work places, markets, etc.) affected by the truck routes and routes connecting major
drayage trucking activity centers

Minimize impacts on the » Identify affected rail corridor and terminals « Estimate change in travel time per train

capacity for existing rail + Change in frequency and flexibility in rail between the identified terminals on the

movements service affected rail corridor due to increase in

number of trains and passing maneuvers
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MOE

QMs

PMs

Expand modal choices and
provide cost/service alternative
for economic development

Identify shippers benefiting from the
terminal

Check availability of land in the vicinity of
the terminal for locating warehouse and
distribution centers

Estimate benefit-to-cost ratio to shippers
using the terminal

Estimate TEUs of freight handled at the
terminal

Estimate increase in transportation related
employment

Estimate change in warehouse related freight
movements

Minimize the environmental
impacts

Identify attainment and non-attainment
areas with regards to harmful emissions
Identify noise sensitive areas

Identify water bodies that are likely to be
contaminated

Identify affected lands, wildlife and
habitations

Identify cultural and historical resources
affected

Identify mitigation measures for the
environmental impacts

Estimate change in the emissions of harmful
gases and particulate matter on the truck
routes

Estimate change in noise level on the truck
routes

Estimate change in BOD levels of affected
water bodies

Estimate areas of farmlands, wetlands,
forests, etc. lost to the development of the
terminal

Estimate overall environmental impact
mitigation costs

Maximize the benefits of
investments into intermodal
terminal

Assess investment recovery strategy

Assess pricing strategy for rail and drayage

service

Estimate internal rate of return to rail and
drayage company

Estimate social rate of return to public
agency

Make planning, coordination
and funding of interdependent
multimodal projects effective

Check use and type of innovative funding

mechanisms
Check use of staging or phasing
opportunities in the intermodal project

Difference between actual and planned cost
and time of completion of the intermodal
project
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The remaining part of this section provides desionpof the non-simulation

based techniques used to evaluate some of the ®fiaws:

1)

(2)

3)

Safety

Using truck involved crash statistics, models #af, injury and PDO
(property damage only) non-intersection type cragite built for different
functional classification (interstate/non-intersdadind location (urban/rural). For
modeling convenience the fatal and injury type lseasare combined with PDO
type crashes, using weighting factors of 9.5 abdrgspectively. Number of
crashes is estimated using log of Annual AveragéyDaaffic (AADT) and
length of segment as explanatory variables. In$higly, pre-defined relationship
of negative binomial between dependent and indegr@ndariables is used for
regression. By considering the truck routes andeofor hazardous materials, the
corresponding changes in truck involved crashedeagstimated.
Mobility

Mobility as described i2.2.4refers to the movement of people and
goods. It is typically measured in terms of travéleage and speeds [44]. For the
purpose of evaluation, change in mobility is meadwas the estimated change in
annual ton-miles of drayage and non-drayage triookst The value is deduced
from the estimated change in demand and drayader(Re3.2.3, and routing
onto the study area road network.
Accessibility

Accessibility as described h2.5refers to the ability to reach desired

goods, services, activities and destinations (ctllely called opportunities). It is
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typically evaluated based on the time, money, aigoa and risk required to
reach opportunities [44]. For the purpose of evadnachange in accessibility is
measured as the estimated change in annual drayagehours in the study area
using the competing intermodal terminals. Its vatugeduced from the estimated
changes in the drayage traffic and travel timetherstudy area road network.
Land Use and Secondary Local Passenger Traffic

Several integrated land use and transportation lmb@ee been
developed in the past, such as ITULP (DRAM/EMPAUEPLAN, TRANUS,
METROSIM, UrbanSim, etc. These models like the $ation models are data
intensive. Comparison of various land use modatsbeafound in NCHRP Report
466 as well as in the work by Waddell ([19],[49yovided the past trends in land
use, land value, population density, per capitanme and the travel cost matrix
for the study area is given, it is assumed thabasting land use model will be
able to provide information on change in passeitges which can then be
superimposed on the changes in truck trips in tindysarea from the demand
analysis (Refer t8.2.3.
Economic Development and Secondary Local Freigffitr

In order to measure the economic development irspEd transportation
investment, use of input-output modeling tools sasfiREMI (Regional
Economic Models Inc.), IMPLAN (a model developedWynesota IMPLAN
Group) is common. The tools estimate the impactsoti€y decisions on
demographic and economic variables. Assuming tteetfect of an intermodal

transportation investment on the population denpiy capita income and
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transportation related employment are known, alimegression model that links
these primary impacts to the secondary impacteaa warehouse and

distribution center freight flows is proposed alofos:

(wj = Intercept+ S3,(PopDeng+ B,PCl + 3, (mpj (4)

Area Area

Where,

WareTrkTons Warehouse and Distribution Center truck tons
originating or terminating at analysis zone (tons)

Area= Area of analysis zone (sq miles)

PopDens= Population Density (per sq mile)

PCl= Per Capita Income ($)

TranEmp= Transportation Related Employment

The modeling effort when used in conjunction whik tnput-output
models helps the public agencies understand tindisence of secondary freight
traffic impacts and identify areas of concern byesimposing these trips upon
the changes in truck trips in the study area froendemand analysis (Refer to
3.2.3.

Profitability to Shippers

Benefit-to-cost ratio to the shippers is determibgdaking a ratio
between the new drayage and rail transportatiots ¢osurred in the proposed
setting to the cost savings in the existing truolws.

Changes in Environmental Setting

Based on the freight flow analysis in this Studyg aformation about

typical terminal operations, environmental studias be conducted for the

corresponding impact assessment.
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(8) Preservation and Management
At planning stage the estimated change in totakttan-miles can be used

as a practical measure. Some of the PMs that camobéored on continual basis

during the operations stage such as the compliates of drayage truckers on

the truck restrictions, percentage of damaged séipsby value, number of

misdirected or unidentified or wrongly identifiedigments annually,

measurements of pavement condition on the tructesoused for the drayage.
3.2.5 Combining different MOESs into a single score for ranking purposes

As it can be seen from ti@ble 6, the impacts are being measured based on the
VTrans2025 goals and objectives derived from VT282%. Since, these form a common
basis for all freight and public transportationjpats in Virginia, a suitable scoring
mechanism can be formulated wherein the contribataf each MOE in achieving the
corresponding goals or objectives are evaluatetthdgtaff of public agencies and
private stakeholders. The comparison of projectuatmns can be limited to those
within a particular multimodal investment netwoMI\). Additional work needs to be
carried out in determining the weighting matrix MOEs under a particular objective
and is not within the scope of this Study.
3.2.6 Storage, retrieval and updating of impact information

As a final step of the evaluation framework, impaébrmation generated by the
various models is proposed to be stored in a daifabmat for easy retrieval and future
use. One such beneficial tool is the Geographidarination System (GIS). It allows
analysis and selective visualization of the impadepending on type of evaluation

technigue used and data compatibility, other tegues of storage may also be used.
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CHAPTER 4: CASE STUDY AND RESULTS

4.1  Scope of the Case Study Evaluation

The framework for evaluation developed in Chapteogers a wide range of
planning and operational measures. However, thectiag of this analysis was not to
evaluate all of these measures for the case stujggp, but to use interviews,
commodity flow databases and other available ressuto public agencies to conduct an
evaluation of a location decision for a proposedkrrail freight intermodal terminal in
terms of certain systemwide impacts, including tsaf@obility, accessibility, economic
development, shipper profitability and highway systpreservation and management.

The analysis was performed using database, statisind G1S-based techniques.

4.2  Case Study Related Interviews

In this Study, interviews were conducted with thegi®nal Planning Agency, the
Railroad Company, the Local Government and theeSitfiicials to gather information
regarding development of the case study facility #oe public and private sector
involvements.

4.2.1 Crater Planning District Commission (CPDC)

In order to understand the regional perspectiveiathe intermodal terminal
project, the Crater Planning District CommissiofPC) was interviewed. The CPDC is
an agency charged with the mission of planningherphysical, economic and social
development of 10 local governments in south céNirginia, south of the City of

Richmond.
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The agency was involved in the review of the 20@chRond Intermodal

Transportation Study originally prepared for thetiond Metropolitan Planning

Organization (MPO). The key findings from this iniew were as follows:

1)

(@)

3)

(4)

4.2.2

Although the Tri-Cities MPO was aware of the pragmbsmtermodal facility in
Prince George County (near Petersburg, VA), it a@sdentified in the 2001
freight study as a potential site. Hence, evalmatibthe proposed terminal near
Petersburg, VA was not performed by the MPOs.
The 2001 Richmond study findings were confirmededgfing light on a
particular recommendation of that study, the CPD@ted out that no committee
for analyzing demand for rail-truck intermodal seevhas been formed so far.
Speaking on freight concerns of member localities @urrent projects, it was
learned that Prince George County was the onlyipalglency which expressed
concerns about increasing truck traffic on existilfy460 and also future traffic
flows at the proposed western terminus of the n&a460 at 1-295. It is realized
that the proposed terminal project will have adugiacts to those due to the US-
460 improvements.
The CPDC described recent actions by the VDOT talleafreight planning for
the region as providing access to the Statewidghftélow data to MPOs, and
getting the CPDC staff involved in a survey of 18jon shippers in the Tri-Cities
MPO region for VTrans 2025.
Norfolk Southern Corporation (NS)

The interviews with the Norfolk Southern Corporatiwere conducted in

two stages. The first of these interviews was cetetliwith the contact person in
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project development division of the intermodal dépent. In the second stage
information was gathered from the marketing divisitd the same department.

The findings from the interviews under each stamestbeen summarized as

follows:

(1) Project Development Division

(@)

The case study terminal is proposed to be locat&dince George County

on Memorial Drive (State Rte 630), about 1 milerirthe intersection

with US-460 and is not planned to be built for dotcouple of years
(SeeFigure 12).

\/ g e ® AN 0 & A 0
™ %‘*’Q‘é};if\ ‘
-_.I_[ I |

1

K

STATE ROUTE 629 e 7
© WEST QUAKER ROAD V- e = I7
-~

NOTSHIL

oy BOLTINNGD HATOS-HEEoN

W Mgnuuif

ity 02y SO THLNE

l460

ety
(Source: Crosspoint Centre Master Plah, Courtesy: Timmons Group)
Figure 12. Proposed Location of the Study Terminal

" http://www.yesprincegeorge.com/documents/Crosspe@iCentre%20Master%20Plan-small ., palf

website belonging to the Department of Economicdbgyment of Prince George County, VA, last
accessed on November 30, 2007)
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The criteria used for selecting this location im&d presence of the
Norfolk Southern mainline track, presence of intedal train service,
sufficiency of size and length of site along maie] i.e. frontage to track,
proximity to major highways, lack of nearby gradessings, low land
acquisition cost, flat terrain, and minimal affect wetlands.

The location choice was not made based on anyfgpewjor shipper;
however the region south of Petersburg, VA wastitied as a potential
market for intermodal freight transportation by tharketing division.
The site selected is predominantly a Greenfiekl sixcept for one or two
properties which have already been sold to thecaaripany.

The terminal is not really part of what is defiresiHeartland Corridor
project; however, the project will benefit fromgHacility as
doublestacking capabilities will be made availaddl¢he facility.

The physical characteristics of the terminal canléscribed as having an
area of about 40 acres, one 2000 ft long loadicktrand two 2300 ft
long support tracks, about 170 trailer parking spatgate building, and a
maintenance facility for container/trailer repaislditional land near the
terminal has also been purchased for establisharghouses and
distribution centers in the future. Sideloaderd & used to load and
unload containers. The planned capacity for thiitiaat the start of
operations is 30,000 lifts per year, which accagdmthe Norfolk
Southern is relatively a small facility in demast,e and complexity of

operations.
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The terminal will use Strategic Intermodal Managetr{(&IM) System for
handling operations, hand-held computers for wéwglil and shipment
tracking electronically.

Considering customers for the case study facilitg,Norfolk Southern
will play the role of a seller in a wholesale mdrleelling out their
transportation services, mainly on contract basisieamship line
companies, truckload companies and IMCs. Few iddaii shippers may
also have contracts directly with the railroad camyp

At the start of operations, the largest share aketdor the case study
terminal is expected to be international in natuee,west coast traffic that
gets transferred at Chicago to move along the KearCorridor and to a
small extent the east coast imports and exportmd3tic traffic will be
moving from/to the Upper-Midwest region of US aldhg Heartland
Corridor.

Speaking on the coordination activities, the Nd&fdbuthern has reached
agreements with the Prince George County on fundacgss road
improvements and rezoning. To be specific, theaddwvill be directed
towards improvements to the Memorial Drive, whislturrently not truck
friendly and needs rebuilding for half a mile amdirtersection
improvement.

Rezoning is not required as such for the interméatality but for the area

around the terminal to allow construction of wanases and distribution
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centers, which form a natural fit with the intermabthcility. This is
intended to reduce the drayage costs for the custm

)] The rail company also had discussions with the VDR#gjarding funding
under Virginia’s Rail Enhancement Fund, but atehd the funding
sources were restricted to the Norfolk Southerma corporate funds and
that of Prince George County because the scalevettments is small.

(m)  The nearest major highway, namely the US-460 is-laned. Also, the
case study facility being modestly sized it is eotpd not to generate
humongous drayage traffic. Considering the comionatf these factors,
the highway is not expected to face serious corgeskclusively on
account of the terminal. Also, being located alamgpmmercial route,
time restrictions on truck drayage operations matyapply in this region.

(n) The case study terminal is expected to generagetd@mployment in a
small way, i.e. about 10 people working in a onétsiperation. The
facility will also generate direct employment inneaousing and
distribution related activities.

(0) No specific public sector benefits from the projeate been estimated.

(2) Marketing Division

(@  Additional criteria used in the selecting locateme locations of the points
of origin and amounts of intermodal and truck iafoving out of the
Richmond area and using the Norfolk Southern’s @beske facility.

(b)  The demand at the start of operations has beemuatzl by the

marketing division using the drayage costs to teectudy facility as
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against using the facility at Chesapeake. It wdsased to vary between
15,000 and 25,000 containers or trailer lifts peary This did not include
any new truck-to-rail diversions.

The split between international to domestic shipimé&nassumed to start
as high as 80:20, and as time goes by domestikidaadt volumes are
expected to increase, reaching even a 50:50 split.

The breakdown on type of customers is assumedltowfthe Norfolk
Southern’s overall intermodal business patterncivis 50% steamship
lines, 15% IMCs, and the rest truckload and prentiyme customers.
Shippers’ choice on terminals is understood todsed on combination of
three key factors, namely, quality of rail service. whether it is free
moving or congested over the line haul and ate¢haihal), closeness to
shipper’s warehouse or distribution center, and ohtransportation
service. Customer support is also considered aoritzupt aspect of the
service, such as responsiveness in providing eatddelp.

Performance measurement is done by the rail comipyanyatching
achieved against planned train schedules (i.ecatibn of departure,
points along the way and location of arrival).

Marketing strategies used by the Norfolk Southerattract customers
include use of the IMCs, contracts with truckingnpanies, use of
advertising campaign focusing on environmental benef intermodal
transport, and sometimes calling up shippers dyréatdescribe the

facilities, capital projects and efforts being mégehe rail company.
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Speaking on the pricing structure of intermodaVieey, the rate is
determined on a point-to-point basis; it dependsypa of international
market (i.e. Atlantic or Trans Pacific traffic)ytes of contract, etc. The
rate for transporting empty containers is about @08aate for loaded
containers. The customer is not offered differeitgs for use of single-
and double- stack service. The arrangement of pwrtaor trailers in
single- and double- stacks and the routes areniailgrmanaged by the rail
company. However, due to expansion of doublestackce, the cost of
intermodal service is expected to fall once thertigad Corridor project
is completed. Drayage is priced on dollars per ipésis, which is
equivalent to pricing it on a per move basis. Wagitimes and delays at
the terminal, due to the traffic, and at the cugtdswarehouse are not
paid for.

It is customer’s responsibility to achieve balanc&ade and to reduce
empty movements.

Premium and less than truckload (LTL) customergpaogided separate

truck lanes and faster train services, with 25-508&bkup on the rate.

4.2.3 Prince George County Planning Department

As mentioned earlier, the local government of thiade George County will play

key role in establishment of the proposed termiiyadlunding access road improvements

and performing rezoning activities.

(1)  The Planning Department indicated that 1100 fhefdccess road to the case

study terminal is undergoing relocation and cortsion. The intersection of this
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road with US-460 is also being shifted by 1000dnhg with geometric
improvements. Contract for the road improvementk&@s currently being sent
out for advertisement.

(2) Electricity can be readily provided to the propofslity and associated
infrastructure such as warehouses and distribagorers. However, water and
sewer works will be taken up as and when developsrestablish.

(3)  The Planning Department expects the terminal ptogebe taken up in 2008-
2009.

(4)  One positive aspect on the proposed location ofetheinal identified was its
proximity to an industrial park, an 1100-acre fiigilof which a large portion is
not developed. Currently, it holds only a few ware$es, distribution centers, and
a metal works (manufacturer) facility. This indieapotential for growth and
expansion of business for the intermodal terminal.

(5) Reflecting on the freight concerns raised by thederGeorge County (Refer to
4.2.7), it was found that the issue with US-460 improeeats is that the current
alignment makes it more difficult to move in and otithe industrial park,
therefore an alternate alignment is proposed bytaening Department that
provides more direct access to US-460. Although idsue is not directly related
to the case study facility, it can indirectly irgluce the intermodal business.

(6)  Some of the other pertinent questions that recamegghtive responses include
absence of economic analysis for the case stuggqbydack of a database of the

shippers or shipper surveys, and lack of infornmatio IMCs in the region.
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4.2.4 Consultations with the VDRPT and VDOT

During the course of the study, consultations weagle with the VDRPT and
VDOT freight planning divisions with regards toeglayed by the agencies in the
planning of intermodal terminals. The VDRPT’s putjevaluation process as already
described ir2.5.2andTable 4 were discussed and reaffirmed. It was realizet tha
although the Norfolk Southern originally applied faublic funding for the case study
terminal at Petersburg, VA, public funds will na& &vailed. The only intermodal
terminal project in the State that might receivelmufunding is the one proposed by the
Norfolk Southern at Roanoke.

The VDOT, on the other hand, provided the Globaight, Inc.’s
TRANSEARCH database and other databases need#weforsearch. Clarifications on

the form and usage of such data also have beerdprbisy the VDOT.

4.3 Case Study Evaluation
4.3.1 System Identification and Inventory
Evaluation of this step was conducted using findiofjthe interviews with the
Norfolk Southern Corporation which is the main goent of the case study terminal
project. Although these results have already beesented, they are arranged so as to
reflect the framework for evaluation:
(1)  The purpose of the case study terminal is two-fBicktly, it is expected to relieve
congestion at the Norfolk Southern’s Chesapeaktja&Secondly, it will attract
new intermodal business in the Richmond-Petershlgigopolitan Statistical area

for traffic moving along the Heartland Corridor f®eto Figure 13).
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The case study terminal will be located in a Gresdahfsite close to a major four-
lane highway (US-460) and also close to an indaigbark which for most part is
available for development. The land for developiragehouses and distribution
centers is already available under the ownershtheNorfolk Southern
Corporation. All developments will have electrigityater and sewer services at
small marginal investment.

The proposed terminal can substitute for the intel@htransportation needs of
the Richmond-Petersburg MSA that are currently dpeerved by the terminals at
Norfolk and Portsmouth by the Norfolk Southern &&X terminals. The
drayage analysis region contains the Richmond-gtaieg MSA and locations of
the competing facilities (Refer table 7). The size of analysis zones is limited to
that defined in the commaodity flow databases.

Table 7. Analysis zones considered for drayage awyais
Description Name of the analysis zone

Richmond-Petersburg MSA  Charles City County
Chesterfield County
Colonial Heights City
Dinwiddie County
Goochland County
Hanover County
Henrico County
Hopewell City
New Kent County
Petersburg City
Powhatan County
Prince George County
Richmond City

Competing Facilities Norfolk City
Portsmouth City
Alexandria City
Warren County (Front Royal)
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For the truck-to-rail diversion analysis, in adaolitito the counties in the
Richmond-Petersburg MSA, other counties withinRiehmond Bureau of Economic
Analysis (BEA) Region and regions with centroidshivi a reasonable drayage distance
(less than 200 miles) to the existing intermodahteals along the Heartland Corridor
(Refer toTable 8) are considered as the analysis zones.

Lastly, the impacts on the local warehouse movesnard estimated for Counties
within the Richmond BEA Region.

Table 8. Analysis zones considered for truck-to-radiversion analysis
Description Name of the location

Richmond-Petersburg MSA Same as those listachbie 7

Other Richmond BEA Region Albemarle County, VA

Counties Amelia County, VA
Brunswick County, VA
Buckingham County, VA
Caroline County, VA
Charlotte County, VA
Cumberland County, VA
Essex County, VA
Fluvanna County, VA
Greene County, VA
Greensville County, VA
King and Queen County, VA
King William County, VA
Lancaster County, VA
Louisa County, VA
Lunenburg County, VA
Mecklenburg County, VA
Middlesex County, VA
Nelson County, VA
Northumberland County, VA
Nottoway County, VA
Prince Edward County, VA
Richmond County, VA
Sussex County, VA
Charlottesville City, VA
Emporia City, VA
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Description Name of the location

Intermodal terminal locations Norfolk, VA
along Heartland Corridor near Petersburg, VA
which diversion analysis zonesBluefield, WV
are considered Welch, WV
Williamson, WV
Prichard, WV
Kenova, WV
Huntington, WV
Portsmouth, OH
Ashville, OH
Rickenbacker ANGB Airport, OH
Columbus, OH
Toledo, OH
Chicago, IL

(4) Based on earlier studies conducted at the Centdirémsportation Studies and
Global Insight, Inc.’s 2004 commodity flow data tbe region, the key
commodities were identified under the STCC categoais shown ifiable 9
[46]. Other movements that are considered in thuslsinclude warehouse and
distribution center and rail intermodal drayagee BYCC codes used for these
movements in the Global Insight, Inc.’'s TRANSEARG@G&tabase are 50 1 and 50
2, respectively. For the case of truck-to-rail dsien analysis, the STCC Codes
of 11, 14 and 29 have been avoided as these atéyrtragsported by rail and are
not subject to choice-making process. Due to spasseof rail based ton data
from 2005 Rail Waybill Sample, additionally STCCd&021 has been avoided in
analysis and the study BEA region (Richmond) hankmmbined with Virginia
Beach-Norfolk-Newport News BEA Region and Raleighdtam-Cary BEA
Region. The combined study area is referred thagastern Heartland Corridor
analysis zone. Corresponding to this, the tonsedflfit using truck mode have

been aggregated over counties for the origin-dastin BEA Regions.
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Table 9. List of Key Commaodities

2-Digit STCC Code Description
11 Coal
14 Non-Metallic Minerals
20 Food or Kindred Products
21 Tobacco Products
23 Apparel or Related Products
24 Lumber or Wood Products
26 Pulp, Paper or Allied Products
27 Printed Matter
28 Chemical/Allied Products
29 Petroleum or Coal Products
30 Rubber or Miscellaneous Plastics
32 Clay, Concrete, Glass or Stone
35 Machinery
36 Electrical Equipment
37 Transportation Equipment

The existing truck drayage movements between thbysis zones of the study
area and the competing intermodal facilities adicated inTable 10 The table
also shows the estimated travel times in minute$giR03.2.2. The existing
truck and rail freight tons for Heartland Corridwrgin/destination BEA Regions
is tabulated imable 11 The table also shows estimated shortest distanodes
for truck and rail modes between the centroidshalysis zones. For this purpose
the “google” based mapping tool was used due teratesof traffic related data
over the entire Heartland Corridor.

Finally, the existing truck freight movements betwavarehouse and
distribution center truck freight movements witlie Richmond BEA Region are
presented iTable 12 The data collection and modeling included 95 ti@srand

41 cities within the Commonwealth of Virginia.
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Table 10. Existing truck drayage totals (STCC Cod&0 2) between the study area
analysis zones and the competing facilities

FIPS Origin/ Portsmouth/ Alexandria Front Royal

Code Destination Norfolk Terminal Terminal Terminal
County or City  Annual Estimated Annual Estimated Annual Estimated

Tons Travel Tons Travel Tons Travel
Time (in Time (in Time (in
minutes) minutes) minutes)

51036 Charles City 2 115 60 266 0 222
County

51041 Chesterfield 36,284 146 629 249 1,003 175
County

51570 Colonial Heights 2,909 131 33 264 48 208
City

51053 Dinwiddie 41,416 119 491 317 287 262
County

51075 Goochland 117 196 0 249 82 125
County

51085 Hanover County 29,487 196 1,192 172 510 163

51087 Henrico Cunty 58,047 148 2,047 229 865 184

51670 Hopewell City 23,518 120 295 259 430 203

51127 New Kent 431 137 0 247 0 203
County

51730 Petersburg City 6,232 130 67 275 66 220

51145 Powhatan 327 178 0 259 0 143
County

51149 Prince George 2,752 110 28 266 25 211
County

51760 Richmond City 31,783 169 399 233 581 177

Table 11. Truck-Rail distribution of freight tons along Heartland Corridor

FIPS  Origin/ Destination

Truck Flows to/from

Rail Flows to/from

Code BEA Region Eastern Heartland Eastern Heartland
Corridor Analysis Zone  Corridor Analysis Zone
Annual  Distance in Annual Distance in
Tons miles Tons miles
45 Rest of Johnson City 1,462,732 317 6,880 586
47 Rest of Lexington 412,562 440 0 684
48 Charleston, WV 991,590 352 3,216 703
49 Cincinnati, OH 714,472 526 34,480 780
50 Dayton, OH 163,536 563 0 863
51 Columbus, OH 482,214 480 10,840 808
55 Cleveland, OH 1,638,397 520 37,560 1,062
56 Toledo, OH 417,179 609 11,320 984
57 Detroit, Ml 800,556 655 349,177 1,035
62 Grand Rapids, Ml 166,701 688 0 1,001
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FIPS  Origin/ Destination Truck Flows to/from Rail Flows to/from
Code BEA Region Eastern Heartland Eastern Heartland
Corridor Analysis Zone  Corridor Analysis Zone

Annual  Distance in Annual Distance in

Tons miles Tons miles
63 Milwaukee, WI 381,806 743 7,720 1,065
64 Chicago, IL 1,689,577 725 238,216 1,296
65 Elkhart, IN 225,985 703 2,120 1,329
66 Fort Wayne, IN 114,199 834 0 1,214
67 Indianapolis, IN 855,786 947 71,360 1,302
68 Champaign, IL 156,238 764 36,000 1,362

Note *Distance measurements made using “google’pmgpools and coordinates

Table 12. Area-wise warehouse and distribution ceat (STCC Code 50 1) truck
freight movements within Richmond BEA Region

FIPS Region Warehouse and Distribution
Code Center Annual Truck Tons
51003  Albemarle County, VA 171,239
51007  Amelia County, VA 75,644
51025  Brunswick County, VA 489,299
51029  Buckingham County, VA 437,569
51033  Caroline County, VA 193,955
51036  Charles City County, VA 37,654
51037  Charlotte County, VA 116,213
51041  Chesterfield County, VA 3,779,364
51049  Cumberland County, VA 16,537
51053 Dinwiddie County, VA 525,987
51057  Essex County, VA 107,410
51065  Fluvanna County, VA 38,409
51075  Goochland County, VA 29,838
51079  Greene County, VA 15,769
51081  Greensville County, VA 45,489
51085 Hanover County, VA 1,740,372
51087  Henrico County, VA 3,287,882
51097 King and Queen County, VA 92,645
51101  King William County, VA 285,332
51103 Lancaster County, VA 72,406
51109 Louisa County, VA 679,551
51111  Lunenburg County, VA 112,184
51117  Mecklenburg County, VA 474,812
51119 Middlesex County, VA 41,401
51125 Nelson County, VA 102,047
51127  New Kent County, VA 13,039
51133  Northumberland County, VA 92,627
51135  Nottoway County, VA 149,572
51145  Powhatan County, VA 13,178
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FIPS Region Warehouse and Distribution
Code Center Annual Truck Tons
51147  Prince Edward County, VA 33,716
51149  Prince George County, VA 810,385
51159  Richmond County, VA 85,606

51183  Sussex County, VA 285,654
51540 Charlottesville city, VA 109,044

51570  Colonial Heights city, VA 79,820

51595  Emporia city, VA 131,971

51670  Hopewell city, VA 2,438,708
51730  Petersburg city, VA 268,218
51760 Richmond city, VA 1,230,296

(6) Few of the demographic and economic data for arsakgmes within the
Commonwealth of Virginia were collected from thé8@Census Bureau’s quick
facts as follows: (a) population, (b) per capiteome and (c) area. Analysis zone
wise transportation related employment data waaioéd from the database
available for an earlier study at the Center fanBportation Studies belonging to
the year 1999. The data is presente@iahle B1in Appendix B to this thesis.

To develop the safety impact models on the studg highway network,
link-wise truck involved crash data, length, and[&Rdata were collected for
three consecutive years from 2003 to 2005 for the@onwealth of Virginia
under different functional classes of highways, abnrural and urban interstates
and rural and urban non-interstates. Only categanieto the level of major
collectors are considered in the analysis. Norrsetetion type crashes are
selected by avoiding crashes within 150 ft of dseiffrom the nodes.

4.3.2 Obtaining shipper requirements and preferences
Due to shortage in time and resources this stéipeoframework for evaluation

has not been carried out. Instead it is suggebtduture research be conducted to

identify suitable instruments to conduct statedgyence surveys. Also, the ways to use
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the stated preference data to establish utilitgtions corresponding to individual
attributes and the ways to combine these utilitpgonents to form a single utility
function need to be investigated. Finally, the liéimé conducting such a study for an
intermodal project evaluation needs to be assessed.
4.3.3 Estimating demand and drayage

Based on the interviews it was realized that ng{term shipping agreements
have been signed so far for the case study terntieaice, there is no captive demand
that can be assigned to the proposed terminalnidr&et analysis performed by the
Norfolk Southern Corporation was focused on diwersif traffic from their current
terminal at Chesapeake, VA. As this analysis resuéire not available, demand
estimation is performed for the case study facdsydescribed in the methodology.
(2) Diversions from existing intermodal facilities

(a) Besides the values ifable 1Q the travel times from the analysis zones to

the proposed terminal are estimated as showmloe 13

Table 13. Estimated travel time to proposed terminbnear Petersburg, VA

FIPS Origin/ Destination Estimated Travel Time to
Code County or City Petersburg Terminal (in minutes)
51036 Charles City County 34

51041 Chesterfield County 45

51570 Colonial Heights City 31

51053 Dinwiddie County 44

51075 Goochland County 95

51085 Hanover County 105

51087 Henrico County 48

51670 Hopewell City 20

51127 New Kent County 65

51730 Petersburg City 26

51145 Powhatan County 77

51149 Prince George County 21

51760 Richmond City 68
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(b) In the first stage of the accessibility model (Reé3.2.3, a multinomial
logit model is fitted between the choice of therteral and scaled travel
time deviation with tons of freight to the chosemtinal acting as weights
for estimation using CATMOD procedure in SAS. Ospeaction of data,
Charles City County is identified as an outlier &i@tce not considered in
model estimation. Parameters Exuations (1)are estimated as shown in
Table 14 The SAS code and data input file for this staiggh® model has
been attached a#gppendix C.

Table 14. Parameter estimates for multinomial logitnodel

Variable Description Parameter Std t Value Pr> |t
Estimates  Error
Intercept Equation (1a) 3.4972 0.0164 45420.51 <.0001

Equation (1b) -2.0599 0.0562 1345.41  <.0001
Scaled Travel Equation (1a) -5.3408 0.0936 3257.48 <.0001
Time Deviation Equation (1b) 18.3688 0.3239 3215.44.0001

The model fit is found to be good with respectte treight ton
splits to the existing terminals (indicated by thgh absolute t values). By
pooling the first stage model results of logistiadtion estimates from the
two parts ofEquations (1) a pooled ordinary linear regression model as
given byEquation (2) is estimated. The results of the regression are
shown inTable 15

Table 15. Parameter estimates for linear regressiomodel between ratio of choice
probabilities and scaled travel time deviation

Variable Description Parameter Std tValue Pr> |t
Estimates  Error

Intercept Equation (3) 6.04468 0.23266 25.98 <.0001

Scaled Travel Equation (3) -4.56243 0.42146 -10.83 <.0001

Time Deviation
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The model fit results are as follows:

R? = 087 and Adjusted R* = 086

Using this two stage accessibility model, in pralistic terms the

analysis zone wise drayage splits in the existimy@oposed conditions

are predicted as shownTmable 16 The overall predicted market shares

of the terminals in existing and proposed condgiare indicated in

Figure 14.

Existing Predicted Overall Market Share

Portsmouth of Terminals

Norfolk
Terminal,
81.0%

Alexandria
Petergbur! Front Roya Terminal,
Terminal, Terminal, 18.2%
0.0% 0.8%

Proposed Predicted Overall Market Share
of Terminals

Petersbur
Terminal,
72.7%

Portsmouth|
Front Roya Alexandrig Norfolk
Terminal, Terminal, Terminal,
0.5% 7.0% 19.9%

Figure 14. Overall Market Shares of Intermodal Termnals in Existing and
Proposed Conditions

(2) Diversions from truck-to-rail

(@) Asdiscussed earlier, the terminals closer to tohpgsed terminals have

been grouped into a single analysis zone, nantedyt-astern Heartland

Corridor analysis zone.

(b)  The analysis zones away from the study area sagstiie model

requirements can be identified from fh@ble 11 Hence, the data

corresponding to Rest of Johnson City, Rest of hgixin, Charleston,

WYV and Columbus, OH is avoided in the estimatiothef mode choice

model.
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Table 16. Actual and predicted drayage split probaliities for existing and proposed conditions

FIPS County/ City Existing Actual Existing Predicted Proposed Predicted
Code
g g g
38 42 43 43 38 42 43 43 33 4z 43 43
~7 22 o5 %3 =g 2 o35 2z =g Q%% o5 2ogm
43 328 323 328 F3 328 2x 28 F3 328 23 2o
=0 > a =) > T = O > a =) > T = O > a =) S5 O
35S 923 < S 35 S DL S 35 S DL o C
5 =2 » 2 e 52 » 2 e 52 ® 2 Q
= L L
51036 Charles City 0.03 097 000 000 093 007 000 000024 0.03 0.00 0.73
51041 Chesterfield 096 002 003 000 090 010 0.01 00.00.28 0.04 0.00 0.78
51570 Colonial Heights City 0.97 0.01 0.02 000 092 0.080.00 0.00 019 0.03 0.00 0.77
51053 Dinwiddie 098 001 001 000 094 005 0.00 0.00.280 0.02 0.00 0.70
51075 Goochland 059 000 041 000 070 025 005 0.00.170 0.08 0.02 0.73
51085 Hanover 095 004 002 000 036 062 001 000 70.10.23 0.01 0.59
51087 Henrico 095 003 001 o000 083 016 001 000 80.10.06 0.00 0.75
51670 Hopewell City 097 001 002 000 093 0.07 0.00 000. 0.18 0.03 0.00 0.79
51127 New Kent 1.00 0.00 000 000 088 011 0.00 0.00250. 0.06 0.00 0.69
51730 Petersburg City 098 001 o001 o000 092 0.07 0.0000 019 003 000 0.78
51145 Powhatan 1.00 000 000 000 082 014 003 0.00180.005 0.01 0.76
51149 Prince George 098 001 001 000 094 006 0.00000.021 002 0.00 0.77

51760 Richmond City 097 001 002 000 079 020 0.01 000. 0.19 0.08 0.01 0.73
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(c) Corresponding to the pair of analysis zones iraa) (b), the tons of
freight excluding the mode specific commodity typese been presented
in Table 11

(d)  The distance attribute information is also gathdoedelected pairs of
analysis zones over rail and truck modes as showable 11
Based on the data collected, it was found thatlditeon to distance, few
of the origin/destination locations exhibited higkight flows by rail
relative to truck flows. Chicago, IL, Detroit, Mnd Champaign, IL are
such exceptions. It was realized that these setigih/destination
locations introduce region specificity. In caseCtiicago BEA Region, its
intermodal hub character and connectivity to thetweast through
forwarding rail lines are the reasons. In caseetf@t and Champaign
BEA Regions, the regions act as unique suppliespetific commodity
types, namely transportation equipment and foodkamdtred products,
respectively. To overcome this problem an indicatorable was
introduced in the model which takes the value & for the
aforementioned locations and zero otherwise, thyes#ehtifying the data

into two groups. The modified model is written adws:

In(mv) = Intercept+ g3, (DiffDist) + 3, (RegionSpecindjc(5)
RailTonFlov

The SAS code and data input file for this model eesn attached

asAppendix C. Modeling results have been indicated’able 17 below:
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Table 17. Parameter estimates for linear regressiomodel between ratio of truck to

3)

rail ton flows and difference in mode wise distancestimates

Variable Description  Parameter Standard tValue Pr> |t
Estimate  Error

Intercept Equation (5) 2.38148 0.46013 5.18 0.0035

DistDiff Equation (5) 0.00334 0.00102 3.28 0.0219

RegSpecindic Equation (5) -2.68689 0.27873 -9.64 00@2

The results of the fit are as follows:
R?* = 095, Adjusted R* = 093
Using this model, the actual and predicted trudk ail ton flows
in the existing and proposed conditions are shawfigure 15
Future demand and drayage
Although truck forecasts were available from TRAMSECH database,
due to lack of rail forecasts and time constraomshe Study, this step has not
been taken up. However, the methodology propossithigar to that described in

previous two steps.
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Truck Ton Flows to/from Eastern Heartland
Corridor Analysis Zone
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Figure 15. Actual and predicted rail and truck flow annual tons to Eastern
Heartland Corridor analysis zone

4.3.4 Selecting and evaluating MOEs (QMs and PMs)
The results of the evaluation of selected MOEsesighe methodology are as
follows:
(1)  Safety
Truck routes were identified using the Oak Ridg¢idteal Laboratory’s
highway network provided along with the TRANSEAR@Btabase. However,
information regarding truck restrictions was nollexted for planning level
analysis over multiple BEA regions. It was assurttied the identified road
network imposes no truck restrictions.
Safety analysis models for truck involved non-iséstion type crashes

are built for highways of different functional c&fscation using the crash



89

database on highways in the Commonwealth of Viegifhe results of the fitted
models (Refer t8.2.4) are indicated i able 18

Using these models, the Study showed that thetdwileduction by
PDO type crash equivalentn the study area road network annually. Thus, the
impact of the proposed terminal on the study asewot significant in terms of
safety.

In addition, over the interview it was noted thag terminal location was
selected far away from at-grade rail crossingss tieducing risk of related
crashes.

(2)  Mobility

Mobility impact in the Study is measured for thetmodes in terms of
only change in ton miles. The terminal will resalta reduction 0116,347,841
ton milesfor the truck mode and an increas&01,312,804on miles for the rail
mode.

(3)  Accessibility

The change in accessibility is measured in ternisagkl time saved/lost
for freight traffic in the study area using the qmeting intermodal terminals. This
is based on change in the estimated number of geatyacks and travel times on
links of the study area analysis zones under egistnd future conditions of
traffic. The value of time savings for drayagefitaiin the study area due to
introduction of a new intermodal terminal is estiethto be about0,166 truck-

hours annually.
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Table 18. Parameter estimates for Negative Binomiahodel between number of truck involved crashes anstandardized
AADT and standardized length

Parameter Description Interstate Rural Interstate Wban Non-Interstate Rural Non-Interstate Urban
Intercept Estimate -2.5306 -1.6845 -1.9249 -2.8812
Std Error 0.2503 0.144 0.0892 0.131
Chi-sq 102.2 136.85 465.14 483.67
Pearson's chi-sq statistic <.0001 <.0001 <.0001 <.0001
AADT Minimum (PCU) 4,169 5,139 65 157
Maximum (PCU) 47,929 127,596 47,194 103,284
Standardized Estimate 1.5149 2.7932 2.3444 41278
AADT Std Error 0.4831 0.2716 0.274 0.3992
Chi-sq 9.84 105.79 73.2 106.94
Pearson's chi-sq statistic 0.0017 <.0001 <.0001 <.0001
Length Minimum (miles) 0.02 0.02 0.01 0.01
Maximum (miles) 9.39 7.38 19.14 12.94
Standardized Estimate 2.5213 2.719 5.5907 11.692
Length Std Error 0.3802 0.344 0.311 0.8298
Chi-sq 43.97 62.48 323.07 198.53
Pearson's chi-sq statistic <.0001 <.0001 <.0001 <.0001
Dispersion Estimate 0.4345 0.5412 1.3383 2.9353
Std Error 0.2009 0.1001 0.1055 0.249
Comment Underdispersed Underdispersed Overdispersed Operdisd
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Due to absence of information on locations of magdivity centers,
residences, work places, manufacturers, retaiasghouses and distributions
centers within the study area, impact of the casdygerminal on their
connectivity or inter-accessibility has not beardgtd. However, if more
information were made available, corresponding gkann travel time could be
estimated.

Land Use and Secondary Local Passenger Traffic

Due to time constraints on the Study, no spediicluse model was
tested out to determine the impact of the caseysitmect on land use and the
resulting secondary local passenger traffic. Cagig the availability of
additional land under the ownership of the rail pamy for encouraging support
infrastructure, intensification of land use may heta major concern to the ralil
company in the near future.

Economic Development and Secondary Local Freigtfitr

Like in land use impacts, no specific input-outputdel could be tested
out due to time constraints on the Study. Howether model for the secondary
local freight traffic was estimated, i.e. relatibisbetween the demographic and
economic variables and warehouse and distribuorec truck flows was
established.

The variables freight flows, population and transgton related
employment were normalized by dividing them by ayEthe analysis zone and
taking log transformation, as found necessary.tfdresformation was decided

based on univariate properties of the variablesy tiormality and box-plots
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thereto. Also, inspection of pair-wise scatter digs was conducted between the
dependent variable, namely, the warehouse flowdtamdxplanatory variables.

The model form that is finalized is as shown abfes:

o (WareTrkToe

TranEm
'ﬂ 6)
Area

) = Intercept+ 3, log(PopDen$+ B,PCl + 3, Iog(Tea

Other than records with missing data (mainly emplegt), 5 out of 95
County records were eliminated as outliers (nan&lyghanan County, Craig
County, Dickenson County, Highland County and \Wisinty). The results of
the model are shown ifable 19as follows:

Table 19. Parameter estimates for linear regressiomodel between logarithm of
warehouse and distribution center truck tons and eanomic variables

Variable Description  Parameter Standard tValue Pr>|t|
Estimate Error

Intercept Equation (6) 24.8005 5.3144 4.67 <.0001

InPopDens Equation (6) 0.8153 0.1632 499 <.0001

InPCI Equation (6) -2.2236 0.5488 -4.05 <.0001

InNormTranEmp Equation (6) 0.4288 0.1403 3.06 0.0028

The results of the fit are as follows:

R? = 079, Adjusted R* = 078

From the knowledge of direct and indirect transgtooh related
employment opportunities created by an intermoelahinal the changes in
warehouse and distribution center freight movemeaitsbe estimated. Based on
the interviews, it was found that about 10 empleye#! directly be employed by
the proposed intermodal terminal. Taking the efté¢he direct employment,
increase in annual warehouse and distribution céniek flow is estimated using
the model as aboB14 tons In addition to this, in order to understand thedel

behavior, a sensitivity analysis has been perforsugerimposing the impact of
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indirect employment. The percentage increase imaotlemployment is assumed
to vary between a minimum and maximum percentagiee\and is determined by
a linear function of the distance of the study aealysis zone from the proposed

terminal. The results of the sensitivity analysasdnbeen plotted iRigure 16.
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Figure 16. Sensitivity analysis for the effect ofnicrease in indirect employment on
warehouse and distribution center truck flows




(6)

94

It can be observed from the plots that the margimakase in annual tons
by a shift in the range of sensitivity parametettesreasing in all of the cases: (a)
0%-10% to 10%-20% to 20%-30%; (b) 0%-10% to 0%-20%%-30%; and (c)
0%-0% to 10%-10% to 20%-20% to 30-30%.Higher thmgeaof sensitivity
parameter higher the change in warehouse andadison center truck tons. For
example, 0%-20% as compared to 10%-10%, 10%-3086rapared to 20%-
20%, and 0%-30% as compared to 15%-15%. Furthearels needs to be carried
out in estimating the impact of an intermodal terahinvestment on the
economic and demographic variables of the regioarait is located.
Profitability to Shippers

To incorporate the shipper’s perspective, end traasportation costs and
benefits were assessed for the proposed condélative to the existing
condition, including changes in drayage costs kttoaail diversion cost savings,
and new rail costs, calculated with respect totegsconditions. A summary of
these costs as calculated for the study area &ed Heartland Corridor analysis
zones is shown ifiable 20

Table 20. Estimated overall transportation relatedcosts and benefits

Sl Type of Impact Annual Costs  Annual Benefits
No (in $) (in $)
1 New Dray Flow Impacts on Eastern 1,256,417
Heartland Corridor
2 Existing Dray Flow Impacts on 339,486
Eastern Heartland Corridor
3 New Dray Flow Impacts on Western 842,466
Heartland Corridor
4 Increase in Rail Costs (Terminal-to- 10,789,598
Terminal)
6 Truck Diversion Impacts 12,847,508

TOTAL 12,888,481 13,186,993
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Costing assumptions made in the study includeDfayage costs were
priced at $1.10 per mile per truck as suggestetthdyail company during the
interview; (b) Diverted truck movements and waredetruck movements were
priced at $1.59 per truck-mile based on marketasjyc) Intermodal rail
transportation user charges for terminal-to-terimmavements from Norfolk to
Chicago, IL and Norfolk to Columbus, OH were use@stimate costs for the
study origin-destination pairs using distance bastmpolation; (d) Empty
movements were not considered in the cost analiss, average loading factors
for drayage, truck diversions and warehouse movésneare estimated and used
as 26.69 tons/truck load, 20.29 tons/truck load2Mh@é5 tons/tuck load,
respectively.

The net monetary benefit of the terminal is estedab be abou#298,500
and the benefit-to-cost ratio is abdud2
Changes in Environmental Setting

Based on the interview with the railroad compahg, lbcation of the
terminal was selected in such a way that the enmenmtal impacts are kept to a
minimum. The land being already owned by the N&rfaébuthern and the size of
the facility being modest, there are no significemtnmunity impacts anticipated.
The location of the terminal falls along a commalrcorridor with heavy
volumes of existing truck traffic on highways. Tineck traffic generated by the
terminal will have a small added impact. Detailedimnmental impact analysis

is beyond the scope of this Study.

" http://www.truckloadrate.com/market_truck_rates. st assessed on October 21, 2007
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(8) Preservation and Management
Considering the preservation and management dfttity area road
network the total truck miles saved is estimatdtk fesults are shown irable
21 below:

Table 21. Estimated truck miles saved on study are@ad network

SINo Type of Impact Annual Truck
Miles Saved
1 New Dray Flow Impacts -454,322
2 Existing Dray Flow Impacts 308,623
3 Truck Diversion Impacts 1,113,286
4 Warehouse and Distribution Center Flow Impacts 5,268
NET TOTAL 902,369

Considering a truck covers about 15,000 miles par gn an average, the
above savings is equivalent to saying that abduicks are removed from the
highways in a year. Thus, the savings due to ttmital on account of truck
miles is not very high.
4.3.5 Combining different MOEs into a single score for ranking purposes

Due to requirements for further research with rdgao the methodology for
scoring and ranking intermodal freight projectshivita MIN this step of the case study
evaluation is not completed. However, by selecéirggudy area road network
overlapping mainly with the Richmond to Hampton Bo&assenger and Goods
Movement MIN, the intermodal terminal project imggon this MIN are evaluated.
4.3.6 Storage, retrieval and updating of impact information

As a conclusion to the analysis, the different sypeimpacts were documented
and GIS was used to store information, which aiter [point of time can be retrieved or
updatedFigure 17 indicates the link wise impact information on 8tedy analysis zones

and the study area road network stored in ArcGiB# files.
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Study Area Road Network Combined Flow Impacts ——

Figure 17. ArcGIS based Storage of Impact Informatn for Study Area

(€)
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4.4  Summary of Case Study Evaluation Results

The results of modeling are summarized in

Table 22 It lists the measures used to assess fithesge afveral models
developed in the study.

Table 22. Summary of Model Results

SI No Model Description Fitness Measure
1 Stage 1 Accessibility Model High t-values for ffméents of
explanatory variables
2 Stage 2 Accessibility Model Adjusted R0.86
3 Mode Choice Model Adjusted’R 0.93
4 Negative Binomial Crash Count  High chi-sq values for coefficients of
(Safety) Models explanatory variables
5 Secondary Local (Warehouse) Adjusted R = 0.78

Freight Flow Impact Model

On the other hand;able 23 provides a summary of the results obtained foe cas
study evaluation under the different categoriegualitative and performance measures.

Table 23. Summary of Evaluated MOEs (QMs and PMs)

MOE type QM PM

Safety Selected terminal location is away s Reduction in crashes by 6
from at-grade rail crossings. PDO type crash equivalents
» Geometric improvements of access

road will be carried out by the

Prince George County.

Mobility e Proposed terminal will provide  + 116,347,841 ton miles
transportation alternative to the reduction in truck flow
Heartland Corridor freight traffic. « 201,312,804 ton miles

* Physical characteristics of the increase in rail flow
terminal can allow a throughput of
about 30,000 lifts/year.

Accessibility « The proposed terminal location is « Annual savings of 10,166
close to US-460 and 1-295 drayage truck-hours in the
highway facilities. study area using the

« Geometric improvements of access competing intermodal
road will be carried out by the terminals
Prince George County.
Land Use * The land acquisition cost for the ¢ None evaluated

proposed terminal site is not high.
e An 1100-acre industrial park exists
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MOE type QM PM
close to the proposed terminal with
very few current developments.
Economic e The terminal will provide direct ¢ Increase in warehouse flows

Development

employment to ten people and may
result in construction of warehouse
facilities in the vicinity.

IMCs will be used by the railroad
company to sell the intermodal
service.

Area south of Petersburg city is
showing potential for growth in
industries and use of intermodal
freight transportation.

by 5,314 tons annually in and
out of Prince George County

Profitability
to Shippers

Doublestack operations will be
made available at the proposed
terminal

IMCs will be used by the railroad
company to sell the intermodal
service.

Cost-benefit ratio = 1.02
Net monetary benefit =
$298,500

Environment

Proposed terminal locationisa
Greenfield site and has minimal
effect on wetlands

Reduction in emissions
corresponding to 902,369
truck miles saved annually
within the study area

Preservation
&
Management

The proposed terminal is expectede
to capture the freight traffic using
Norfolk Southern’s Chesapeake
terminal, and thus likely to reduce
the truck traffic along US-460 and
[-64 between Richmond, VA and
Norfolk, VA.

902,369 truck miles saved
annually within the study
area
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CHAPTER 5: CONCLUSIONS, SIGNIFICANCE AND LIMITATION S

5.1 General

In this chapter the conclusions, significance amitétions of the Study are
presented. The data collection, analysis and psaug$echniques, and methodologies for
gualitative and quantitative evaluation used is Biudy are generalized to the extent
possible in order to ensure their applicabilityatwide range of intermodal terminal

projects.

5.2  Conclusions

(1) Evaluation of an intermodal terminal project reggia systematic multi-regional
modeling approach, and it is highly data intensiad interdisciplinary in nature.

(2)  The impacts of an intermodal terminal are regiot taade corridor specific
because the accessibility to highway/rail, distanoen competing terminals and
the spatial distribution of intermodal freight demdavaries from location to
location.

3) In cases such as the proposed terminal, whereastinmtermodal rail drayage
forms a small share of the overall truck traffteg introduction of an intermodal
terminal does not have substantial impacts on atbty, mobility or safety on
the truck routes, to the extent that these fast@r® evaluated in the Study.

4) Upon completion of the case study terminal, therexpected to be noticeable

reduction of truck traffic on 1-64 and a slightislser reduction of truck traffic on
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US-460. Both of these highways form connectingditdkthe competing

terminals.

Significance

The Study provided a comprehensive framework fatueation of intermodal
terminal projects. As the framework is derived frima State goals and
objectives, it makes it feasible to compare witheotfreight projects in terms of
level of fulfilment of goals and objectives.

The Study developed several models for estimatiompacts, including a two-
stage accessibility model for drayage shift frormpeting terminals, a truck-rail
mode choice model, truck involved crash modelsrtarstate/non-interstate
urban/rural combinations, and secondary local eigaffic impact model have
been developed in this Study. All of these modedsewestimated using data from
the Commonwealth of Virginia.

Several challenging problems in evaluating an moetal terminal were identified
such as use of simulation techniques for the etialuameasurement of service
attributes, collection and use of stated preferasnceeys, estimation of empty
flows, determine ways to link intermodal investmesith land use pattern and in
turn changes in passenger trips and determine tedis intermodal investment
with economic and demographic variables.

Storage of impact information is a useful comporwdrihe framework which

allows retrieval, updating and comparison of data later point of time.
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The case study evaluation helped clarify the stinect approach described by the

framework for evaluation.

Limitations

Full scale evaluation of the MOEs for the casesiatermodal terminal could
not be carried out. In cases, where evaluationneasarried out future research
and data requirements have been indicated.

Different commaodity flow data sources use differsampling rates and different
technigues to estimate Origin-Destination flowexsglained in Chapter 2.
Unfortunately, this problem cannot be overcome ss\tbe same data source
provides all information needed for the evaluation.

Terminal characteristics other than accessibilgyehnot been considered in
determining drayage split between competing terhsirtdence, the effect of size
of the terminal and type of the terminal infrastre used (equipment, storage
facility, warehousing, etc.) on terminal choice lcboot be studied.

The Study used cross-sectional data belongingstoghe time period. Demand
and drayage predictions were made for the scemanediately after the start of

terminal operations.
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APPENDIX A: Sample Questionnaire to Intermodal Termnal Managers

Planning for Successful Intermodal Terminals in Viginia - Summary of Questions

Contact Details for Terminal
[Name, Title]

[Address]

[Phone, Fax]

[Email]

1. History of the terminal
a) When was the intermodal terminal established?
b) How was it originally funded?
c) What factors influenced its original location?
d) What were the private and public roles in estabiiglthe terminal?

2. Current operations
a) What work units (public and/or private) are invahie the operations of the terminal?
b) Is the terminal exclusively used for COFC/TOFCdhdf
c) Is the intermodal traffic domestic, internatioral both?
d) What is the extent of the market covered in terfmaaximum drayage distance?
e) What are the various services provided at the teal?i
f)  What are the major commodities handled by the teaifi

3. Coordination with public and private stakehokle
a) What are the possible sources of funding for imprognts?
b) Is there opportunity for feedback from shippers/andustomers?
¢) What public support, if any, is needed to sustaiterminal?
d) What techniques can improve efficiency of intermddansportation?
e) What management practices have improved coordmagbween the work units?

4. Future of intermodal terminals
a) What are the critical factors that influence a pbifs decision to use intermodal service?
b) What are the critical factors that contribute te uccess of intermodal terminals?
c) What are the deterrents to the success of interitediainals?

Other questions

Are there any reports that you recommend whichrilesthe operational and administrative
aspects of your terminal? (Information such asiapaspects of the facility, support
infrastructure, use of equipment and technology, staffing would be particularly useful.)

In case of any queries please contact:

Chiranjivi Sarma Bhamidipati

Center for Transportation Studies

351 McCormick Road, PO Box 400742
Charlottesville, VA 22904-4742

Phone: 434-924-3383/1420 Fax: 434-982-2951
Email: csbh8g@virginia.edu
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APPENDIX B: Demographic and Economic Data for Areaswithin the Commonwealth of Virginia

Table B1. Demographic and Economic Data for Areas ithin the Commonwealth of Virginia

Area REGION Warehouse Area (insq Population Per Capita Total Employment  Transportation
Code Truck miles) Income Employment
Tons
51001 Accomack County, VA 948058 455.24 39345 16309 17529 327
51003 Albemarle County, VA 171239 722.61 92035 2885 89108 1168
51005 Alleghany County, VA 89590 444.63 16600 19635 13211 327
51007 Amelia County, VA 75644 356.80 12502 18858 289 96
51009 Amherst County, VA 172582 475.18 32239 16952 12076 259
51011 Appomattox County, VA 122558 333.69 14128 880 6132 168
51013 Arlington County, VA 61734 25.87 199776 37706 112777 2496
51015 Augusta County, VA 701231 970.36 70910 19744 58112 1765
51017 Bath County, VA 22364 531.86 4814 23092 3015 27
51019 Bedford County, VA 220442 754.50 66507 21582 22871 459
51021 Bland County, VA 57277 358.67 6903 17744 3044 79
51023 Botetourt County, VA 684453 542.66 32228 B21 10577 370
51025 Brunswick County, VA 489299 566.14 17938 mB89 6115 337
51027 Buchanan County, VA 2084454 503.88 24409 8278 12025 621
51029 Buckingham County, VA 437569 580.86 16099 6936 4574 113
51031 Campbell County, VA 506505 504.48 52667 18134 24459 729
51033 Caroline County, VA 193955 532.52 26731 18342 6867 216
51035 Carroll County, VA 191731 476.34 29450 16475 9508 343
51036 Charles City County, VA 37654 182.76 7221 8m1 2087 254
51037 Charlotte County, VA 116213 474.99 12491 T471 5530 188
51041 Chesterfield County, VA 3779364 425.75 296718 25286 123219 4372
51043 Clarke County, VA 43300 176.62 14565 24844 4467 44
51045 Craig County, VA 214 330.61 5179 17322 1342 01
51047 Culpepper County, VA 393507 381.00 44622 2016 16572 367
51049 Cumberland County, VA 16537 298.45 9465 15103 2431 75
51051 Dickenson County, VA 1474 331.71 16182 12822 4369 324
51053 Dinwiddie County, VA 525987 503.67 25695 1?12 7399 93
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Area REGION Warehouse Area (insq Population Per Capita Total Employment  Transportation
Code Truck miles) Income Employment
Tons
51057 Essex County, VA 107410 257.77 10633 17994 5355 51
51059 Fairfax County, VA 2340638 395.04 1010443 8868 637571 7090
51061 Fauquier County, VA 151293 649.70 66170 28757 24574 476
51063 Floyd County, VA 16722 381.22 14789 16345 5488 147
51065 Fluvanna County, VA 38409 287.37 25058 20338 5269 69
51067 Franklin County, VA 342691 692.08 50784 19605
51069 Frederick County, VA 1112804 414.63 71187 8910 53743 1123
51071 Giles County, VA 319660 357.33 17403 18396 6379 186
51073 Gloucester County, VA 52834 216.61 38293 0999 11999 219
51075 Goochland County, VA 29838 284.43 20085 29105 7760 146
51077 Grayson County, VA 33385 442.64 16159 16768 0176 33
51079 Greene County, VA 15769 156.58 17709 19478 7444 80
51081 Greensville County, VA 45489 295.44 11006 346 10253 306
51083 Halifax County, VA 692408 819.30 36149 16353 17691 354
51085 Hanover County, VA 1740372 472.68 98983 25120 47357 838
51087 Henrico County, VA 3287882 238.06 284399 2641 404805 9403
51089 Henry County, VA 832446 382.35 56208 17110 2448 1249
51091 Highland County, VA 564 415.86 2510 15976 2160 27
51093 Isle of Wight County, VA 612196 315.87 34723 20235 14943 244
51095 James City County, VA 270255 142.92 59741 5892 43507 245
51097 King and Queen County, 92645 316.26 6903 17236 2150 75
VA
51099 King George County, VA 14539 180.00 21780 6215 12133 304
51101 King William County, VA 285332 275.43 15381 1928 6638 140
51103 Lancaster County, VA 72406 133.14 11519 24663 6195 85
51105 Lee County, VA 18410 437.13 23787 13625 8704 195
51107 Loudoun County, VA 1639384 519.85 268817 8353 79598 8669
51109 Louisa County, VA 679551 497.14 31226 19479 00438 265
51111 Lunenburg County, VA 112184 431.70 13219 1495 4572 93
51113 Madison County, VA 57001 321.42 13613 18636 1815 89
51115 Mathews County, VA 3202 85.68 9184 23610 2661 87
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Area REGION Warehouse Area (insq Population Per Capita Total Employment  Transportation
Code Truck miles) Income Employment
Tons

51117 Mecklenburg County, VA 474812 623.93 32381 1717 18880 346
51119 Middlesex County, VA 41401 130.30 10615 22708 4194 124
51121 Montgomery County, VA 276527 388.22 84541 7770 37479 303
51125 Nelson County, VA 102047 472.35 15161 22230 5165 104
51127 New Kent County, VA 13039 209.55 16852 22893 4222 76
51131 Northampton County, VA 292041 207.37 13609 5916 6551 71
51133 Northumberland County, 92627 192.30 12820 22917 4417 164

VA
51135 Nottoway County, VA 149572 314.65 15572 15552 7744 66
51137 Orange County, VA 1254426 341.70 31740 21107 10812 120
51139 Page County, VA 75327 311.13 24104 16321 9018 97
51141 Patrick County, VA 104933 483.14 19212 15574 8276 252
51143 Pittsylvania County, VA 221578 970.76 61501 6991 52261 667
51145 Powhatan County, VA 13178 261.28 27649 24104 7094 145
51147 Prince Edward County, VA 33716 352.76 20530 4510 10230 65
51149 Prince George County, VA 810385 265.62 36184 20196 13992 137
51153 Prince William County, 1870563 337.78 357503 25641

VA
51155 Pulaski County, VA 573452 320.57 35055 18973 17853 570
51157 Rappahannock County, VA 3684 266.57 7203 2386 3480 38
51159 Richmond County, VA 85606 191.46 9142 16675 9193 24
51161 Roanoke County, VA 931853 250.87 90482 24637 160765 3985
51163 Rockbridge County, VA 162657 599.63 21337 5683 14478 276
51165 Rockingham County, VA 619607 851.15 72564 9587 68081 1345
51167 Russell County, VA 270737 474.66 28790 14863 12328 335
51169 Scott County, VA 39035 536.58 22882 15073 4826 139
51171 Shenandoah County, VA 438808 512.20 40051 5397 19155 344
51173 Smyth County, VA 509460 452.09 32506 16105 5708 265
51175 Southampton County, VA 85262 599.56 17814 3069 17915 264
51177 Spotsylvania County, VA 446145 400.86 119529 22536 25855 789
51179 Stafford County, VA 373209 270.35 120170 2476 26917 844




112

Area REGION Warehouse Area (insq Population Per Capita Total Employment  Transportation

Code Truck miles) Income Employment
Tons

51181 Surry County, VA 80157 279.09 7119 16682 2927 39

51183 Sussex County, VA 285654 490.73 12249 14670 6194 187

51185 Tazewell County, VA 708755 519.74 44608 15282 21073 445

51187 Warren County, VA 600927 213.70 36102 19841 1542 344

51191 Washington County, VA 482755 562.86 51984 5083 25193 371

51193 Westmoreland County, VA 271443 229.18 17188 9473 5462 75

51195 Wise County, VA 37215 404.04 41905 14271 7118 664

51197 Wythe County, VA 462999 463.24 28640 17639 8214 354

51199 York County, VA 1272574 105.65 61879 24560 9601 211

51510 Alexandria city, VA 1629973 15.18 136974 64

51515 Bedford city, VA 134728 6.89 6249 15423 22871 459

51520 Bristol city, VA 1334159 12.90 17496 17311 596 198

51530 Buena Vista city, VA 113931 6.83 6457 16377 89 4

51540 Charlottesville city, VA 109044 10.26 40315 69713

51550 Chesapeake city, VA 2596260 340.72 220560 4209 96136 2971

51560 Clifton Forge city, VA 0 1390 12

51570 Colonial Heights city, VA 79820 11210 65

51580 Covington city, VA 551888

51590 Danville city, VA 1933896

51595 Emporia city, VA 131971

51600 Fairfax city, VA 1276607

51610 Falls Church city, VA 4487

51620 Franklin city, VA 1000417

51630 Fredericksburg city, VA 755838 26691 283

51640 Galax city, VA 94347 11562 66

51650 Hampton city, VA 2124907 83073 568

51660 Harrisonburg city, VA 501570

51670 Hopewell city, VA 2438708 15961 116

51678 Lexington city, VA 52778

51680 Lynchburg city, VA 2813473 59753 1075
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Area REGION Warehouse Area (insq Population Per Capita Total Employment  Transportation

Code Truck miles) Income Employment
Tons

51683 Manassas city, VA 704609

51685 Manassas Park city, VA 7396

51690 Martinsville city, VA 833936

51700 Newport News city, VA 1547692 116438 3105

51710 Norfolk city, VA 3836125 238771 7748

51720 Norton city, VA 42062 4970 34

51730 Petersburg city, VA 268218 20706 246

51735 Poquoson city, VA 344 2982 5

51740 Portsmouth city, VA 872498 55294 1659

51750 Radford city, VA 1520355 10037 35

51760 Richmond city, VA 1230296

51770 Roanoke city, VA 2226038 160765 3985

51775 Salem city, VA 829015

51780 South Boston City, VA 0

51790 Staunton city, VA 214022

51800 Suffolk city, VA 1649612 24707 1127

51810 Virginia Beach city, VA 1041267 215447 @60

51820 Waynesboro city, VA 1047113 13925 199

51830 Williamsburg city, VA 825388

51840 Winchester city, VA 1981373

NOTE: Blanks refer to missing data



APPENDIX C: SAS Codes and Data Input Files

SAS Code for evaluation of First Stage of Accesslity Model

ODS html close;

ODS graphics off;

options Is= 77 ps= 58;
ODS graphics on;

ods html;

dat a filel,;

infile 'E:\Accessibility Data\DrayageChoiceProcess. csv' dim="";

input TerminalChoice TravelTime Frequency;
run;

proc print data=filel;

run;

title 'Terminal Choice Process';

proc cat nod data=filel;

direct TravelTime;

response logits;

weight Frequency;

model TerminalChoice = TravelTime / predict;

114

run;

Table C1. Input Data for evaluation of First Stageof Accessibility Model
Terminal Scaled Frequency (Tons) Terminal Choice Scaled Frequency
Choice Travel Time Travel Time (Tons)
Deviation Deviation

1 -0.17 36284 1 -0.41 23518

2 0.42 630 2 0.27 295

3 0 1004 3 0 430

1 -0.37 2910 1 -0.32 431

2 0.27 34 2 0.22 0

3 0 49 3 0 0

1 -0.54 41417 1 -0.41 6232

2 0.21 491 2 0.25 68

3 0 288 3 0 67

1 0 117 1 0 328

2 0.27 0 2 0.46 0

3 -0.36 82 3 -0.2 0

1 0.14 29488 1 -0.48 2753

2 0 1193 2 0.26 28

3 -0.05 510 3 0 25

1 -0.19 58048 1 -0.05 31783

2 0.24 2048 2 0.31 399

3 0 865 3 0 581
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SAS Code for evaluation of Second Stage of Accesbip Model

ODS html close;

ODS graphics off;

options Is= 77 ps= 58;
ODS graphics on;

ods html;

dat a filel,;

infile 'F:\Accessibility Data\DrayageChoiceProcess3 .csv' dim=",";
input InProbRatios TTDevDiff;

run;

proc print data=filel;

run;

proc st di ze data=filel out=file2 method = range;
var TTDevDiff;

run;

proc print data=file2;

run;

title 'Terminal Choice Process';

proc reg data=file2;

model InProbRatios = TTDevDiff / p r;
run;

Table C2. Input Data for evaluation of Second Stagef Accessibility Model
Ln(Probability Ratios)  Scaled Travel Time Deviation

4.405125 -0.17
5.473277 -0.37
6.381206 -0.54
3.497196 0.36

2.74949 0.19

4.51194 -0.19
5.686907 -0.41
5.206239 -0.32
5.686907 -0.41
3.497196 0.2

6.06076 -0.48
3.764234 -0.05
2.899683 0.27
1.797553 0.21
2.055192 0.63
2.348618 0.24
2.899683 0.27
2.532306 0.25
2.715995 0.26

3.634436 0.31




SAS Code for evaluation of Truck to Rail DiversionModel

options Is= 77 ps= 58;
ODS graphics on;

ods html;

dat a filel,;

infile 'F:\04 Truck to Rail Diversion Analysis Data \Truck-Rail
Diversion Analysis.csv' dim=",";

input DORegion RegSpec RailTons TruckTons RDistance TDistance

RTravelTime TTravelTime;
InRailTruckTonsRatio=log(TruckTons/RailTons);
DistDiff=RDistance-TDistance;

if DORegion= 67 then delete;

run;

proc print data=filel;

run;

title 'Truck-Rail Diversion Analysis';

proc reg data=filel;

model InRailTruckTonsRatio = RegSpec DistDiff / p r adjrsq;
run;

Table C3. Input Data for evaluation of Truck to Rai Diversion Model

Western Region Rail Truck Distance Distance Rail Truck
Heartland  Specific Tons Tons by Ralil by Travel Travel
Corridor Factor (miles) Truck Time (in  Time (in
Region (miles) hrs) hrs)
FIPS
65 0 2120 225985 1329 703 48.1 28.1
68 1 36000 156238 1362 764 49.8 29.3
64 1 238216 1689577 1296 725 46.1 28.5
55 0 37560 1638397 1062 520 38.6 24.4
57 1 349177 800556 1035 655 37.1 27.1
56 0 11320 417179 984 609 36.6 26.2
67 0 71360 855786 1302 947 49.0 32.9
63 0 7720 381806 1065 743 48.3 28.9

SAS Code for evaluation of Safety Analysis Model

options Is=

77 ps= 58;

ODS graphics on;

ods html;
dat a filel;

infile 'F:\Final\

TruckAADT=AADT*TruckPercentage/
TrkinvCrashCount=(

run;

<fil enane>.csv' dim=";
input AADT Length TruckPercentage FATCrashCount INJ
PDOCrashCount;

proc print data=filel;

run;

proc st di ze data=filel out=file2 method = range;

var AADT TruckAADT Length;

run;

100;

CrashCount

9. 5*FATCrashCount+ 3. 5*INJCrashCount+PDOCrashCount);
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proc gennod data=file2;

model TrkinvCrashCount = AADT Length / dist=nb link
residuals;

run;
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=log predicted

SAS Code for evaluation of Warehouse and Distributin Center Truck Generation

Model

options Is= 77 ps= 58;

ODS graphics on;

ods html;

dat a WarehouseDataset;

infile 'E:\O5 Local Warehouse Movements Analysis\Wa
Analysis.csv' dim="";

input AreaCode WareTruckTons Pop PCI Area TotEmp Tr
TranServiceEmp CountylIndic;
InNormWareTruckTons=log(WareTruckTons/Area);
PopDens=Pop/Area;

InPopDens=log(Pop/Area);

InPCl=log(PCI);

NormTranEmp=TranEmp/Area,;
InNormTranEmp=log(TranEmp/Area);

if AreaCode= 51027 or AreaCode= 51045 or AreaCode=
or AreaCode= 51195 then delete;

run;

proc print data=WarehouseDataset;

run;

ods select Plots SSPlots;

proc univari at e data=WarehouseDataset plots;
run;

proc pl ot data=WarehouseDataset;

plot InNormWareTruckTons*InPopDens;

plot InNormWareTruckTons*InPClI;

plot InNormWareTruckTons*InNormTranEmp;

run;

title 'Local Warehouse Movement Analysis';

proc reg data=WarehouseDataset;

model InNormWareTruckTons=InPopDens InPCI InNormTra
adjrsq;

output out=outdata p=predval r=resid stdr=stdresid,;
run;

proc pl ot data=outdata;

plot resid*predval;

plot resid*InPopDens;

plot resid*InPClI;

plot resid*InNormTranEmp;

run;

proc univari at e plot normal;

var resid;

run;

rehouse Movements

anEmp MotorWareEmp

51051 or AreaCode= 51091

nEmp / influence p r



