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EXECUTIVE SUMMARY

This report documents the development of the Trangportation Shipping Harmonization
and Integration Planning System (TSHIPS). The TSHIPS project was devel oped to
advance the state of the art in transportation systems andyss. Existing gpproaches and
methodol ogies are unable to assess the needs of the existing and future transportation
systems of theworld. Existing methodologies are unable to analyze the operation of an
entire intermoda or multi-modal transportation network. In addition to this, they are not
able to quantify the impactsthat infrastructure changes or operationa decisonswill have
on the syslem. The TSHIP project fills both of these voids and adds the ability to
caculatefiscal impacts. The TSHIPS methodology can be applied to any transportation
system a any level of development including undeveloped roads to the latest intdlligent
transportation technologies with defensible results.

TSHIPS isan epic legp forward in the sate of the art for trangportation systems andysis
and meets the needs of the trangportation systems of today and the future.



TSHIPS

Background

In 1995, the Asia Pacific Economic Cooperation (APEC) Transportation Working Group
(TPT) undertook an effort to address congestion issuesin theregion. Theinitid phases

of thiswork focused on the identification of congestion areas and the promoation of
trangportation improvements to address them. A Congestion Points Study was
commissioned to look at congestion issues and identify best practices throughout the
region in solving them.

Phase | of the Congestion Points Study focused on identification of important trade
corridors, internationa gateways, distribution points, and traffic congestion points. Phase
Il of this effort focused on congestion at segports and airports and identified generd
problems common to severd economies. Phase |1 dso identified case studies and
initiatives to resolve congestion problems.

The Congestion Points Study was a significant contribution to the critica transportation
issues affecting the APEC region. It dso provided very ussful information about how
these issues were being addressed in many areas through best practices identification.

Upon acceptance of the Congestion Points Study, the TPT looked for opportunities to
bring these efforts closer to implementation. As aresult, the Trangportation Shipping
Harmonization Integration and Planning System (TSHIPS) project was proposed to the
TPT in April 1998. Thisreport isthe result of that effort.

TSHIP Project

The primary purpose of the TSHIP project was to develop and present a methodology for
systems andysis specificdly for freight trangportation systems infragtructure. As part of
the project a sample test of the proposed methodology was also conducted. The project
aso looked at indtitutional concepts associated with freight trangportation and potentid
improvementsthey could have on increasng freight mohility.

The TSHIPS project was designed to address the concept of benchmarking and anaysis
needed for trangportation improvement assessment. While the best mitigation and
improvement practices were known, a tool was needed to evauate the implementation of
them. The TSHIP effort addresses this eement of the improvement process.

A sengble approach to transportation system improvements is smilar to the gpproach
used for many other systems. The gpproach uses the fundamentals of atota Quality
Management process where improvements are measured and evaluated before being
implemented. This method has the following steps:

1. Clearly identify the problem to be solved or the desired accomplishment.



2. Determine the assumptions and congraints that form the boundary conditions for
developing dternative solutions. The assumptions are clear satements used to
describe the present and future environment upon which the anadlysisis based.
Congraints are factors externa to the environment that limit the qudity and quantity
of aternatives which can be developed.

3. Lig dl of the dternative solutions for the defined problem including status quo.

4. Determine dl of the costs and benefits for each dternative. Benchmarks are
developed as a basis to compare dternatives.

5. Compare dternativesin terms of their costs and benefitsin net present vaue terms.

6. Adjug dterndive solutions for risk and sengitivity and implement the solution that
best meets the desired accomplishment.

This gpproach provides the decison maker with alogica, defendable and cost effective
solution to a stated problem, which is also the bet fit to the identified resources and
condraints. The Congestion Points Study clearly provided information on the causes and
identification of congestion points as well as excellent information about the best

practices which have been implemented and dternatives available. The TSHIPS project
provides a mechanism for determining benefits as well as the measurement or
benchmarking necessary to compareindividua dternatives. It dlows the user to conduce
multiple “what if” scenarios to determine which improvement or solution will provide the
best results.

In addition to providing necessary input to the improvement process, the TSHIP project
dsoisableto anadyze an entire transportation system. In the past, no tools or
approaches were available to assess the operations of an entire system. This did not meet
the needs of shippers asthey were interested in end to end movement of cargo, nor the
interests of planners interested in movements of people.

Additionaly, without conducting an andysis of the entire system, thereisthe great
probability that improvements at one congestion point may Smply creste a new
congestion point a another location. The dimination of congestion at one location in the
trangportation chain may increase flow through that point and result in anew congestion
point upstream or downstream in the syslem. An other location may not have been
designed to accommodete the increased volumesthét it is receiving and a new congestion
point is creeted. In thisexample, the initid solution may have solved one problem, but
created another one with the net result being little improvement of the entire
trangportation system operations.

The TSHIPS project is able to determine benefits of a proposed improvement, provide
benchmarking metrics dl through a complete analysis of the entire trangportation system.
This report presents the methodology to do this based on afreight shipping container
movement system.



This approach can be used on any trangportation system including passengers and freight.
It is gpplicable to dl modes and systemsincluding bulk transportation, container
shipping, trangt and buses, high speed rail, pedestrian facilities, freeways, urban street
and eevated or subterranean systems, rural roads, seaports, airport terminas and toll
facilities. It can be used in underdeveloped areas d<o.

Approach
A review of the literature found severa gpproaches to conducting systems andyss of
business operations aswell asthe use of systems andlys's as a decison making tool. For
transportation systems however, the use of systems analysiswasrarely applied. The
systems andyds theories however were applicable. Based on the theory and an
undergtanding of freight trangportation, the following six step gpproach was developed
for asysemsandysis

1. Choose parameters

2. Modd the system

3. Conduct operaiond andyss

4. Conduct systems andyss

5. Vaue performance measures

6. Modd scenarios

This paper will expand on these steps, present a sample application of this methodology
and discuss the indtitutional issues associated with shipping improvements.



METHODOLOGY



Step 1 — Choose Parameters

Choosing the parameters for a systems andlyss includes identification of the timeframes,
congraints, and data to be modeled. In choosing these parameters, it isimportant to
understand what god is to be accomplished by the systems andlysis. Specificdly,
choosng the time period to andyze is an important step. The time period chosen will
directly affect the output of the process and the measurements used in the find results.
For example, if an individua pesk hour is chasen, your system performance will be based
on that individud hour. However if a24 hour time period is chosen, the andysis will be
based on operations over an entire day. Daily operations may provide more useful
information, but the data needed is much higher aswdl. Further, the time of year or
Season is an important determination to make upfront in the andysis. If the pesk monthly
time period is used, the system performance and proposed solutions will be evauated on
that data set. If another month is chosen the results could vary sgnificantly. An example
of thisisseen in Chart 1 below.
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Chart 1 - Import TEUS Per Month

In this example, if the month of January is chosen for the andyss time period, the results
will be ggnificantly different then if the month of July is chosen. Here the differenceiis
about 20% which could dragtically change the finad systems andysis results.

Choosing the parametersis a very important step in the process. A common approach to
choosing the time period is to determine exigting and anticipated volume variaions and a
time period located between 85% to 90% of the highest unit flow. Thiswill resultina
solution that is expected to become constrained only 10 to 15% of thetime. If the
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variations seasonaly aswell as throughout the day are small, it is reasonable to expect
that the 100% value may be used.

The decision regarding which time periods to use in thisanalysisis up to the user,
however this decison will have a Sgnificant impact on the outcome and careful
congderation should be given to these parameters. These vaues will be the bassfor the
entire systems analysis and should be sdected appropriately.

1



Step 2 - Model the System

After the parameters have been chosen, the next step isto mode the system to be
andyzed. In this sep, modeling the system is defined as “ determining and defining the
processes and steps involved with the physical movement of freight though a system”.
Actud operationa andysis of the system comesin alater step.

Animportant first step in this processis to determine the limits or boundaries of the
system to be modeled. The geographic limitations of the study areaas wdll asthe leve of
detail in which freight movement will be modded must be made & this point in the
process.

There are saverd gpproaches available to define the limits of the system. The ultimate
decisgon on the limits should be primarily decided based on the gods of the systems
andyssusers. For example, ashipper using this systems analys's approach may define
the systemn as beginning a the manufacturer or warehouse and ending at the store,
warehousg, or find degtination of the goods being shipped. The god for the shipper
would be a systems andysis for the end to end movement of goods. This system
inclusive of alarge supply chain could dso include severd trangportation modes over a
large area.

In other cases, the definition of the system may be set by geographic boundaries, borders,
or current infragtructure limits. A possible god in this case could be an efficient system
for goods movement based on an area of influence. Inthiscaseitisredized that thisis
only asubset of alarger end to end system, however the modd islimited to the area that
amunicipdity, for example, has influence over. While limits such as these will ill

dlow for alimited systems andyss to be completed, it isimportant to clearly identify
that thisis one section of alarger system. Often these limitations will restrict the overdl
benefits of an improvement by limiting the proposed improvement boundaries. Clearly,
condraints such as these placed on defining the limits of a system may not provide the
highest leve of efficiency for goods movement, however they can provide substantia
benefits and information on operations.

Once boundaries or limits have been placed to determine the ends of a system, the next
dep isto determine the individua operationa eements of the system. The operationd
elements can incdlude the following:

Warehouse loading of goods

Trucking and roadway movement

Border crossing points

Railroad car loading, unloading, movement
Ship and harbor operations



In port environments alone, severd potential operationa eementsexist. Beyond the
individual elements, separate ports may dso have different associations between the
eements. Asan example of this, Diagram 1 shows different elements and associations of
three ports in the APEC region.

Port of Kaohsiung Container Movement

| Containers in Terminal Yard I

Vessel Loading

Harbor Navigation

Port of Tacoma Container Movement

| Vessel Enters Harbor Area I
| Harbor Naviagation I
| Vessel Secured at Wharf I
| Vessel Unloading I
|
I ]
| Drayage I | Drayage I
| Terminal Gate I | Loading on Train I
| Construction of Train |

|Train Movement Through Urban AreaI
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Port of Seattle Container Movement

|Vesse| Enters Harbor Area I

| Harbor Naviagation I

| Vessel Secured at Wharf I

Vessel Unloading

| Drayage || | Drayage I
\ |

| Terminal Gate || | Terminal Gate I
|

| Local Roadway || | Local Roadway I

Rail Gate
Rail Loading

Train Construction

The ports of Kaohsiung, Sesttle, and Tacoma above are dl container ports on the Pacific
Ocean, however they each have different operationd eements and connections.

For the Port of Kaohsiung, a sgnificant movement of containersis between the vessd,
terminal, and truck. In fact, amgority of containers move from vessd to termind, are
consolidated with other containers, and then are loaded onto another vessdl. Thisis
sgnificantly different from the Port of Seettle where imported containers move from
vessd to termind, and then by truck or truck and rail to the find degtination. Y et another
st of operationd movementsis used at the Port of Tacoma where after the termind,
containers can move directly onto rail.

Asthisexampleillugtrates, the specific dements of a trangportation syslem may vary. It
isimportant to fully understand these interactions within the study area and develop a
mode smilar to Diagram 1 before proceeding to the operationd analysis step, next.
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Step 3—Operational Analysis

This step of the process smply conducts an operationd andysis of theindividua
elements and transfer points identified in Step 2, above.

In conducting an operationd andysis, individud eements are modeed using conventions
that are appropriate to each element. Since each geographic area has unique
characteristics and individua anaytica groups prefer the use of certain moddls over
others, the choice of which modd to use for individud dementsis|eft up to the user.

The following section discusses some options for modeling these dements. Itis
important to note that these are only examples of some common gpproaches and any
modd may be used in this phase.

It isimportant, however, in the selection of amodel that it has metrics or measurements
that are consstent from step to step.  Since the output from each individud model is used
asan input for others, there must elther be congstency in the caculations or the ability
convert an output from one step to an gppropriate input for another. Following the
example above, usng the Port of Kaohsung, the output from the vessd modding step
must be compatible as an input to the port terminal modeling step, and then the port
termina modeling output must be compatible as an input to the yard operations step, and
o on. Inanother example, amodd which has an output of only ‘dally TEU’S will not
work well with amodd that requires hourly TEU volume as an inpt.

The choice of which modd to employ will be determined by the models currently used or
avaladle, the leve of process detail desired, and the qudity of dataavallable. Theleve
of detall desired as mentioned in step 1 will dso be afactor in which modd isused. If
the find systems andlys's outcome only requires general operational parameters for each
mode, then the effort required to conduct detailed modeling and the high leve of data
needed to support that model may not be justified.

Using the Ports of Kaohsiung, Tacoma, and Sesttle again as an example, the following
elements would need to be modeled:
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Element M odeling Element

Ocean Trangit Travd Time

Port and Harbor Operations Dwdl Time and Trangt
Time

Unloading/Loading Cranes/Equipment
Operations-Capacity

Y ard Movement Equipment Capacity and
Digtance

Termind Gates Gate Capacity

Truck Movement - Roadway | Highway Capecity

Train Movement Y ard Operations-
Regional Capecity

This report will discuss the operationa characterigtics and some common andytica
approaches for each of these dements. Note that individuad Ports and facilitieswith
gmilar characterigtics may use different measures and modeling approaches than the ones
presented.

Ocean Transit

The ocean trangit time can be one of the easier caculations to perform. The trangt time
issmply the standard or mean trave time for atypica container ship to traverse between
the offshore areas of the origin port and the destination port. While the trangt timeson a
particular route will vary depending on the vessd in service, these times can be easly
determined. In addition to the trangit time for a vessd, the carrying capacity isaso
important. Thetotal TEU' sthat avessd can accommodate factored with the trangit time
will yield a capecity for that phase of operations.

A smple example would show that from origin port to destination port not including
harbor operations, the total travel timeis 230 hours. For thisroute avessa has a 2,200
TEU carrying capacity. The measurement would then be 2,200 TEU’sin 230 hours.

Thisleve of cdculation will often meet the needs of a sysems andyss. However, if
necessary, a detailed andysis of vessd operating characterigtics, fuel consumption and
detailed operationd parameters may be made in this phase. The decision to conduct this
detailed andysis will depend upon user requirements. Since these can be time consuming
efforts, are highly dependent on the shipping line decisons, and primarily impact the
shipping line economics as opposed to the system performance, the details of these
andyses are not included in thisreport. If thisinformation isrequired, it could serve as
an input to the overall ocean trangit time calculations.

Port and Harbor Operations

Port and harbor operations are frequently modeled by empirical data. The amount of
time aship stsidlein aharbor waiting for an available berth added to the amount of time
to moor and secure the vessd is the most common measurement.  The factors limiting
these movements or capacity restrictions could then be vessd traffic in the port area,
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number and size of berths, individua characterigtics of the berths, tug equipment
availahility, and complexity of maneuvering required for berthing (such as use of turning
basins, etc). While some of the capacity restrictions for this ement are physicd
limitations, much of it is based on operationd issues.

For operationa congiraints, vessdl tracking and harbor management technologies for high
volume port areas could significantly reduce the total time for this phase. Systemssuch
asthosein place a Kedung Harbor in Taiwan are good examples of technology
gpplications intended to improve operations. While reductions associated with
implementation of advanced harbor management tools can be sgnificant, benchmarking
is important to determine benefits as they relate to operations and time savings.
Approximations based on benchmarks, detailed review of procedures, and experiencein
other ports can be used to determine savings by implementing these tools or approaches.

Thelikely find measurements for this dement would be totd time to complete the
operations and the cagpacity to accommodate additiona vessels of defined type and

capacity.

L oading and Unloading

The loading and unloading of containers can be modeled based the capacity and
availahility of equipment used for this task, dong with details of the physica
environment they work in. The number of cranes available and the operating
characteridics of them are mgor factorsin determining the amount of time it takes to
load or unload a ship. For example, if two cranes cagpable of 20 lifts per hour are
avalable, it will take gpproximately 31 hoursto unload a 2,200 TEU vessd as shown
below.

2200TEU’s on ship
20Lifts per hour per crane * average container length assumed to be
2Cranes available 35 feet.
1.75TEU container equivalent*

31.4Hours to unload

While the crane capacities are important factorsin the loading and unloading € ements,
there are severd other issues to consider. In the above example, the number of lifts per
hour can only be achieved if trucks or trains are available to accept the containers from
the crane. If they are unable to accept 20 containers per hour per crane, the capacity of
this movement would then be congtrained by the number of TEUs the vehicles are able to
receive.

Another important factor is the design of the vessel to be unloaded and the corresponding
desgn of thetermina. The number and location of holds in the ship and competibility

with the available cranes will limit the trandfer time. Again, using the above example, the
31.4 hours needed to unload a vessdl assumesthat al the cranes are able to readily access
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the containers on the ship and proximity of the hold access areas to each other are far
enough apart to alow the two cranes to operated independently and not synchronized.
The termind and ship designs may facilitate or limit the loading and unloading process.

Some modern terminals are designed so that cranes can access both sides of aavessd,
which can potentialy double the cargo transfer time and related capacity of atraditiond
‘dngle Sde operation.

Advanced computer moddls are often used to Smulate the loading and unloading of
vessls. Thesetools provide more detal than the method presented above and can be
used in this phase of the operationd andyss. The availability of the modd, user
experience, and desired outcomes for this phase of the operationd andyss may dictate
whether advanced techniques such asthis are used.

Yard Movements

Models of yard movements may vary widdly. Thelocation of the yard, or port area
where containers are stored, the equipment available to service that yard, and destination
of containers may al be key factors in the modeling and operations of thisphase. In
addition to these parameters, the inventory management and storage of containersis aso
important.

Modds of complexity varying from smple spreadsheets tracking container informeation
to complex computer models of cataloging, transferring and logistics optimization are
used for the management of containersin the yard.

Whether containers are inbound, outbound or dready available in the yard, the details of
access to the yard, along with container handling equipment limitations are dl factors that
may yard impact operations. The complexity in which containers are stacked and sorted,
equipment type, and distances between storage areas and the loading dock are dso dl
potentia condraintsin thiseement. Complex models and inventory management
practices are often in place to manage container location and placement. Typicdly the
work associated with yard container space, container location, and stacking are
determined prior to avesse loading or unloading. Asaresult, it is assumed thet this
element has been addressed and the operationd analysisis smple afactor of equipment
capacities and the distances associated with moving containers.

The yard movements can be mode ed through the computer smulation programs or
amply based on time-space cdculations using distances, trave time, yard design
parameters, and loading and unloading equipment capacities. The decision of which
gpproach to use will again depend on the users specific needs.

Terminal Gates

Termind gate operations are essentidly the interactions between trucks carrying
containers and the processing of these vehicles at the entrance or exit to the port facility.
The amount of time it takes to process these vehicles determines the capecity of a
termind gate.
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Termind gates dso may be modded based on empirical volume and capacity vaues,
queuing formulas, or as part of a computer Smulation mode for the port. Modding
based on empirical datais smply based on an understanding of the total number of
vehicles per hour per gate that can be accommodated at afacility. Oncethisvaueis
known, the total throughput for a set of gates can be determined and compared to actua
or projected demand.

Since gate operations are often a congtraint in container movement, more detailed
operationa information of the termina gates is often needed. If the truck demand
exceeds the capacity of the gates, significant vehicle queuing can result which may
impede operations of the port or externa roadway functions. To provide this
information, queuing modes and formulas are often used.

Queuing modd s such as the one shown below can be used to cdculate vehicle queue

backups as well as determining the amount of time vehicles have to wait to get through a
gate.

Saturation Flow Rate
Arrival Volume \ /

Processing Time Departure Time

In this diagram, the dope of the left Sdeisthe arriva rate in vehicles per hour at the gate.
The dope of theright Sdeisthe saturated flow rate in vehicles per hour. The height of
the triangle is the maximum back-up queue in vehicles. Thisdiagram can dso be
represented by the following formula

:L, R’ §l+ 1 U, L
3600 s/v-1H n” Fu

Where:
Q= Queue length in feet
R =Redtime (s
s= Saturation Flow Rate (trucks per hour)
v = Arriva Rate (trucks per hour)
L = Length of vehicles including space between (ft)
n = Number of Lanes (gates)
Fu = Lane Utilization Factor
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In many termina gate operations, the lane utilization factor would be 1.0. This would
represent the trucks being equally dispersed among al available lanes. Computer
programs are available and often used to conduct the gate termind queuing analyss. The
computer modeling, queuing diagram and formula approaches are very useful in
determining the queue lengths and can predict 50, 85, and 90" percentile queues which
are very useful in operationd analysis.

It is possible that the termind gate operations can be modeled as part of the termina
operations modeing program aswell. The computer smulation models used in termina
operations often model the gates as well astheinterna operations.

Whichever mode is used, the modding of gate operationsis an important eement in
conducting asysems anadlyss. In many cases, the termina gate separates the interna
port operations which are dedicated to freight movement from the externd operations
which often include roadways that are used for passenger aswdll as freight movement.

Roadway
There are severa gpproaches to modeling roadway operations. The analyss of roadway

operations has been conducted for severd years and several methodol ogies are currently
avalable. Asaresult, detailed caculations and gpproaches are available today.

All of the models presented above are unique from the roadway operations. In the other
elements of the system the operations and movement of containers were under the control
of the shipping line, the termina operator, port authority or smilar group. Roadway
operations however are often on public roads and the movement (trucking) must interact
with other transportation modes such as cars and trangt vehicles. Not only must trucks
interact with these other modes, the other modes often have significant impactson truck
operations. For example, roadway congestion due to passenger vehicles or increasesin
pasanger vehide volumes will limit the ahility of trucks to move throughout the

roadway network.

Asareault of these interactions and congtraints, the modeling of roadway operations
often warrants a detailed moddling effort. While the decison of which gpproach to useis
up to the user, the following methods are commonly employed.

The operationd andysis of roadway facilities are typicaly divided into two types: free
flow facilities and facilities with interrupted flow. Examples of free flow would include
freeways, arterids or two lane roads without intersections. Interrupted flow types would
typicaly include sgndized or unsgndized intersections or other area where free flow

can not exig, induding toll facilities.

Anayss of freeflow facilitiesis commonly based on speed-flow curves. These curves
have been developed over severa years using empirical data and actual observations.
The curves smply show the change in speed on aroadway based on changesin volumes.



Chart 2 isa series of speed vs. flow curves demondtrating how freeway speeds change as
volumesincrease. The chart is based on empirica data cdculations for a 120 kilometer
per hour design speed facility. The X-Axisis volume to capacity retio of the roadway
facility. The Y-Axisisthe freeway speed in kilometers per hour.

Speed

200 T T T T
0.000 0.200 0.400 0.600 0.800 1.000
V/C Ratio

Chart 2 Sample Speed — Flow Curve

As the volumes increase and they approach the roadway capacity (V/C=1.000), the

gpeeds decrease. Thisis acommon and well documented phenomenafor free flow
facilities.

Based on empirica data Smilar to that shown in Chart 2, formulas have been developed
to model speed — flow rdaionshipsaswel. The following formulais from the 2000

Highway Capacity Manual for freeway sections. The Highway Capacity Manud isa
common tool used for operationd anayss.
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R=R, +0.25- Tg(x- 1)+\/(x- 1) + 16 TZL X
e

(@Y ey e

where:

R = segment traversal time (hr)
Ro = segment traversal time at free-flow speed (hr)

T = expected duration of the demand, typically one hour (hr)
X = segment demand/capacity ratio (v/c)

L = segment length (mi)

J = calibration parameter

Free-flow Speed (mph) J
Speed (mph) at Capacity
55 50 1.29E-06
60 51 3.38E-06
65 52 5.78E-06
70 53 8.20E-06
75 54 1.05E-05

Using calculations such as these provide the user with agood tool for modding the
operations of afreeway segment. It alowsfor the calculation of operations based on the
totd number of vehicles on afacility including both passenger vehicles and trucks.

In addition to these basic cdculations, operationd andysis of free flow facilities should
take into account such issues as grades and lane widths as they can significantly affect
truck operations.

Other approaches are aso available to modd freeway operations, but they are largely
based on the speed-flow approach presented above. Many software packages have been
developed to automate these caculations, aswell.

The operation of interrupted flow facilities such as sgndized or unsgndized
intersections, roundabouts, or toll facilities on aroadway are largely based on the type of
traffic control needed at each location.

For basic intersections without active traffic control, where one direction of traffic must
stop while the other direction of traffic does not, the operations are based on gapsin



traffic. The spacing between the vehicles that do not have to stop, and their speed,
determine the capacity or ability of the other vehiclesto traverse the intersection. Both
the sze and the digtribution of the gaps will have an affect on the intersection operations.
Locd and regiond empirica datais commonly available to determine roadway vehicle
gpacing and volumes as well the minimum acceptable critica gep vaues. With this
information, delay caculations as well as vehicle queuing estimates can be made.

For more complex intersections including those with sgndized control, the andyssis
much more involved. Operationd parameters such as the phasing of movements and
timing must be determined and caculated. Modeling of these facilities can be fairly
complicated and computer software is often used in thisanadysis. Severa methodologies
and computer programs exist and are used to determine these vaues.

As part of the operationa andyssfor dl interrupted flow facilities, it isimportant to look
a geometricissuesdso. Often, the turning radii at intersections do not meet the needs of
large trucks and impede their operations.

Regardless of the type of approach used for andyzing roadway operations, it must be
compatible with the other mode segments in terms of data type and output. Using the
example presented in Step 2, the roadway operations mode must be consstent with both
the gate operations and rail operations models.

Train Movement - L oading

The operations of train movements and loading or unloading are modeled using severd
approaches. Two primary gpproaches are used in trandferring containers from vesse to
tran. One transfers the containers from the vessd to rail cars on the wharf. The second
transfers containers from vesse to truck and then from truck to rail cars. The transfer of
containers from vessd to train can be mode ed with the following approach.

The actud loading of containersin an uncongtrained area such as on-wharf ral areas has
two mgjor eements. First the operationa capacity of the equipment available and
distance the containers need to be moved ismodeled. Empirica data on the operationd
characterigtics of the lifting equipment is easily determined and can be caculated. Once
thisis known, the distance required to move the container isfactored in to determine a
total movement time and capacity for the loading process.

The second eement of train loading involves the movement or repositioning of therail
cars. Commonly, containers are loaded onto rail cars and the cars are joined to make
gmdl train sections and ultimately these sections are combined to make afina long train.
This process of building atrain requires severd movements of the carsin each stage.

The organization of containers on the cars and the actud linking of therall carsis highly
variable and dependent upon the find destination of the containers. Because thisis not
predictable, an appropriate gpproach would model this element based on the average
number of rail car moves needed to complete afind train.



Modeling would aso include the master schedule for that train aswell. Often trains
operaeon adaly bass. If thisisthe case, ssgments of rail cars may be built and waiting
idle until the scheduled departure time. This dwell time should be included in the
operationd andyss.

Trangferring containers from vessd to truck to rail car uses saverd of the conventions
presented earlier. In this process, the termind gate operations, roadway operations, and
often rall yard gate operations are modeled before the actud |oading onto rail cars.

Astrucks enter the rail yard, they are often processed through gates smilar to those at the
termind. Operationdly, these gates work the same, and modeling of them can follow the
same gpproach astermina gates. Aswith the termind gates, it is recommended that
modeling such as queue andys's be used because of the potentia for trucks queuing from
therail yard gates back onto the roadway system. Once indde therail yard, the actua
transfer of containers from truck to rail is modeled based on the equipment loading
characteristics, and the rail car linking approach presented above.

Once these elements have been modeled it isimportant to also modd train operations
after the fina train has been assembled. The travel time and speed of atrain towardsit’s
degtination is used as the measurement for this. These operations are typicaly controlled
by the physica design of therail line and the number of at-grade vehicle crossngs on the
line.

Physicd design limitations such as grades and substandard curves can limit speeds and
overdl trave timefor atrain. Additiondly, it is common that train speeds are lowered if
ahigh number of vehicle crossings are present. Grade separation of these crossings or
physical control through gates can mitigate these and alow for higher speeds. All of
these limitations, however, should be included in the mainline train operations and travel
time caculations.

The above is one approach to modding the loading of trains and their operations. Often
advanced large scale computer models are used for thistask. |If thisapproachis used and
the operationa datais available, it can be used dso.

Oncedl of theindividuad eements of the trangportation system are modeled, the next
step isto link them and conduct a systems andysis.
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Step 4 - Conduct Syssems Analysis

Oncetheindividud dements are modeled, they are linked through an input-output
process. Following the mode developed in step 2 of this process, each of the individual
elements are linked and system operations are measured.

For exigting conditions, the individual eements are modeled separately as presented in
step 3. For modding of different scenarios, these models need to be linked. Both the
exiging conditions and the scenario analyses will have two types of resuilt.

Thefirg result will be the operationa parameters for each individual eement. The
second result will be the overadl sysem performance. Thisinformation is useful in
determining where ddlays exist in the overdl system and aso provide information on the
location of individua bottlenecks or condraints. This measure gives the user information
on how the entire system is operating and can be used as a benchmark for comparing
different scenarios.

For exigting conditions, the systems analyss Smply shows the operations of each
individua eement and a cumulative measurement of the system. Thereisno need to
specificdly link inputs and outputsin the existing conditions scenario. Thisscenariois a
reflection of present operations, and therefor, volume linkages between the models which
dready exis. The volume of containers passing through the system dreedy reflect any
bottlenecks or condraints that exist and therefor modeling of the linkages is not

necessary.

An example of an exiging conditions sysems anayssis shown below. Inthisexample,
the travel timeis used as the system performance measure,

Element Time | Containers* Time per Cumulative
(hrs) per hour Container* Time
Ocean to Harbor 120 120.0000
Harbor to Dock 6.4 126.4000
Vessd Pick to Crane Drop 40 15min 126.4250
Trangt to Termind Gete 3.2min 126.4783
Termind Gate 40 1.5min 126.5033
Roadway to Warehouse 82.8 min 127.8833

* assumes 35 foot average container Size

This example shows the trangt time for each unit aswdll as the cumulative time for the
entire system. Note that the ocean and harbor times have a significant percentage of the
total time. These vessd related elements however are often difficult and expensveto
change. Ship operations and performance for example are difficult e ements to change
and changes are often impractica to implement. As aresult, dternate scenario andyses
often look to other dements for improvements. The dternate scenario systems andysis,
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such as the one below, often look at improvements on the landside area because of ease
of implementation and lower capitd costs.

In the scenario andyses, the individua dements mugt be linked to each other. Outputs
(volumes) from each dement are used as inputs to the next dement identified in the
gystem. It isimportant that these linkages are made to determine capacities, congraints
and overdl system performance.

In addition to linking the dements, the actua volumes are important variablesin the
systems andysis and operations. Changesin trangt time or delay should aso account for
volume impactsaswell. Thefallowing exampleilludratesthis,

Element Time | Containers* Timeper Cumulative
(hrs) per hour Container* Time

Ocean to Harbor 120 120.0000
Harbor to Dock 6.4 126.4000
Vessal Pick to Crane Drop 45 1.33min 126.4222
Trangt to Termind Gate 3.2min 126.4756
Termind Gate Including

Timein Queue 40 1.71 min 126.5041
Roadway to Warehouse 82.8 min 127.8841

* assumes 35 foot average container Size

In this scenario the cranes increased their number of container lifts per hour from 40 to
45. Theresult was asavings of 0.1667 minutes per container in this phase. This appears
to be a direct benefit on the system. However, since the gate capacity remained constant
at 40 containers per hour these additiona volumes are not able to be moved outside the
terminad area. The result is trucks queued at the gate and anet loss in the overdl system
performanceisredlized. The net lossis due to the fact that the queued trucks have a
longer average delay from the queue than if they were processed at a rate of 40 per hour
and no queue.

Although gains were redlized in the crane operations, the additiona volumes queuing up
a thetermind gate diminated these benefits. This dearly illugtrates the importance of
linking individua € ements when conducting scenario andyses.

As mentioned before, volumes should aso be factored into the performance of the
system. When volumes are factored into this scenario, other results can be seen.

If it is assumed that the crane unloading process was operating for 8 hours, the existing
conditions would have unloaded 320 containers. Under the aternate scenario, atota of
360 containers are unloaded during that same time period. While the gate congtraints
limit these additiona 40 containers from leaving the termind during the during the 8 hour
period they were unloaded sooner. There may be benfits to be redized by increasing
this unloading time even if it negatively impacted the system performance. The benefits
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of adlowing the vessdl to be unloaded and depart sooner and creating more berth space
may be more vauable than the time logt in the system operations. Without including
volumes, the systems andysis would not have caculated this result.

The examples presented above are smplified for demongtration purposes. In conducting
asysems andyss, time, volumes, and other variables may be used in the system
performance measurement. It isimportant to clearly identify these values early in Step 3
to insure that the operational analysis methods sdlected are able to provide the needed
mesasurement gatigtics.

Once this systems andyssis completed, vaues are placed on the performance measures
used.
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Step 5 - Value Perfor mance M easur es

Once the systems andysis has been conducted, a value of the measurement unit is
chosen. Thisvdueisthe assgnment of amonetary worth to the measurement unit used
in the operationd and sysems analyses. When determining the valuesto assign to
performance measures it isimportant to take into account how it will be used. Since the
ultimate result of this systems andyssisto evauate the transportation system operations
and changes that may result from potentia improvementsto it, the vaue assgned should
reflect that.

This decison must be made in concert with the operationa andys's decison of which
measurement units will be used. For example, if the measurement unit used in the
operations analysisistotal number of containers moved through the system, the
performance va ue would be the monetary vaue per container trandting the system.  If
the operationd analysis used delay or travel time, the performance measure would be
monetary vaue of time associated with containersin the system.

Once vaues have been gpplied, it is possible to evauate the fiscal function of the system
and individud dements. Thisis very useful in assessing congestion points within the
system. If acongestion point exists and a solution is proposed to address it, the fiscal
performance can be compared againg the fiscd cost of implementing the solution. This
provides practicd information on benefit-cost ratios for proposed improvements.

The ability to evauate the fiscd function of the system aso enables the user to compare
different investment aternatives. This approach dlowsthe user to look at issues such as
staging of improvements over time aswell. The anticipated most common use however
would be conducting benefit-cost scenario calculations.

There are severa approaches to benefit-cost calculations. Factors such as monetary
depreciation rates and project life cycles should be taken into account. Thefollowing
approach is recommended.

Benefit-Cost Deter mination

A bendfit-cost ratio calculation is used to compare the cost of a particular improvement
againg the benefit recaived through implementation. The codts of improvements are
most oftenincurred at the beginning or implementation phase. The benefits however are
redlized over time, often over the entire life of the project. Asaresult, an equitable
benefit-cost comparison should convert the al benefits, both present and futureto a
present day vaue.
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The following information is used to determine benefits:

project life cycle

annud discount rate

bendfits redized in exiding year
bendfits redized in future year

The project life cycle is used to determine the number of years the benefitswill bein
place. Thiscan bethe design year or design life of the improvements. For physica
infragtructure this is commonly 20 to 30 years. For operationa improvements, the time
period may be much smdler. Since externd influences often affect operations, the
projected life cycle for operationd improvements may be aslow as 2-3 years.

The discount rate is the depreciation value assigned to money over time. Thisisincluded
in conddering that inflation, or the depreciation of money over time, will result in future
benefits which will be worth less than present day vaues.

Bendfits redized in exigting and future years are determined through the steps presented
above. Similar to the example used demonstrating how changes in crane operaions
affect the system performance, future year anayses would show how volume increases
impact the system operations. The future year anadyses are conducted the same as the
existing year, but include growth rates or growth factors.

Once these values have been determined, the financid benefits of the system can be
caculated. To determine these benefits, four scenarios of operationa anayss need to be
conducted. Theseare:

Year 1 system andyss with no improvements

Year 1 system anaysis with proposed improvements
Future year system andysis with no improvements

Future year system andysis with proposed improvements.

These four scenarios adlow for the comparison of operations with and without the
improvements. The difference between these is the benefit of the improvement. Year 1
and future years are used 0 benefits can be calculated over the entire life of the project.
Y ear 1 isdefined asthe time at which improvements will be completed and operating.
For an infrastructure project, this woud be the year of opening. For operationa
improvements, this would be the year that full improvements are implemented and in use.

The future year isequd to Year 1 plusthe project life cyclein years.
In this benefit-cost approach, the benefits are determined based on the difference between

the ‘with and without improvement’ scenarios for year 1 and future year using the
following methodology and formula
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where:

PVF=present value factor
FB=future year benefits
YB=year 1 benefits

n=number of years
i=discount rate

Since the costs of an improvement are incurred in the present, the benefits must be
converted to present time values aswell. The present value factor calculation is used to
convert future benefits to present day values. Once the present value factor is calculated,
it ismultiplied by the year 1 benefits to determine the present vaue of al future bendfits.

The present value of future benefits can then be compared against cost of implementing
the proposed improvement. Thiswill provide the user with a benefit to cost ratio. This
ratio is ussful in determining the merits of individud projects. Theratio can be used to
evauae yidds of the sysem aswdl as of theindividud eements. It ispossiblethat an
individua eement in the sysem may have a poor benefit to codt ratio, whilein the
sysem asawholeit crestes a high ratio.

It isaso useful in comparing different improvement strategies or scenarios to determine
which has the best benefits compared to costs.



Step 6 — Model Scenarios

The fina step in the systems analysis processisto modd dternative scenarios. These
can include changesin growth rates or projections, changes in operations, infrastructure,
hours of operation, or any other functiona change to the system.

In this phase any scenario can be modeled and the impacts of proposed changes can be
fully seen, both on theindividud level aswell as on the entire sysem. The modeling of
scenariosis Imply an extension of the aternate scenario analysis presented in Step 4.

In this step, however, the scenario andyss includes monetary benefits as well as benefit
to cost ratios.

A matrix such as the example below can be created to evauate dternatives.

Tota Bendfit-

Scenario Bendfits Costs Cost Ratio
New Cranesand
OneNew Gate

Ocean to

Harbor $0 $0

Harbor to Dock $0 $0

Vessel Pick to

Crane Drop $978,000 $371,000 112

Transit to

Terminal Gate $0 $0

Termina Gate

Including Time

in Queue -$543,000 $150,000 -3.62

Roadway to

Warehouse $0

System $435,000 $1,021,000 043
New Cranesand
Three New Gates

Ocean to

Harbor $0 $0

Harbor to Dock $0 $0

Vessdl Pick to

Crane Drop $978,000 $871,000 112

Transit to

Terminal Gate $0 $0

Termina Gate

Including Time

in Queue $696,000 $450,000 155

Roadway to

Warehouse $0

System $1,674,000 $1,321,000 1.27
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In this matrix, two scenarios are presented. The first scenario has the upgrade of three
gantry cranes and the addition of one new processing lane at the terminal gates. The
second scenario has the crane upgrades as well as three new processing lanes at the
termina gates.

In the firgt scenario, there are significant benefits redized as containers are moved
through the crane dement. The upgraded cranes have ahigher capacity and are able to
process more volume and at a higher rate per unit of time. The cost of thisimprovement
is $871,000, and the benefits at that point are $978,000. Theresult is a benefit to cost
ratio of 1.12 for thiselement. Thisisagood ratio.

These increased volumes however have a negative effect on the termina gate operations.
This scenario has the addition of onetermina gate. This addition, however, is not
adequate to handle dl the additiona volumes and higher rate of container volumes from
the cranes. The result is significant queuing and a negative benefit of $543,000. With
the cogt of termind gate at $150,000, the benefit to cost ratio for this dement is—3.62.

The system performance reflects both of these values. The benefits redized by the crane
operations are Sgnificantly reduced by the termina gates and the overal benefit to cost
ratiois0.43. Typicaly ratioslessthan 1.0 are not desirable.

The second scenario has the same crane improvement, but instead of one new termind
gate lang, it hasthree. Theindividud benefits for the crane e ement remain the same as
the previous scenario. The termina gate benefits and costs are both higher.

The addition of three terminal gates costs $450,000. These gates are able to process the
increased volumes and rates from the crane operations. The result is a significant benefit
to this eement of the system. The benefit to codt retio for thiselement is 1.55. Overal,
the system benefit to cost ratio is 1.27.

The second scenario had higher tota costs than thefirst. The total cost increased 0.97%

from $1,021,000 to $1,031,000. The benefits of the second scenario increased over 384%

from $435,000 to $1,674,000. Clearly, the additiona costs appear to be justified.
Additiondly, it is aso evident that the first scenario would be a poor investment due to
the low benefit to cost ratio 0.43.

This example illugtrates the importance of conducting a systems andys's ad evauating
both the individua e ements and the entire system. The next section will demondrate
goplication of this methodology.
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SAMPLE TSHIPSAPPLICATION

This section will step through the process of conducting a systems analysis for container
movement between the Port of Kaohsung in Chinese Taipei and the Port of Tacomain
the United States. The systems andlysiswill dso include inland operationsin the US as
well as container movement across the United States and Canada border.




Step 1 Choose Parameters

For this study, 1999 was chosen as the base year for analysis. Volumes, and data from
the month of May were collected. This month represents an average levd of volume for
the ports and will provide results based on these conditions.

The actud analys's periods were based on single hour time periods. All 24 hours of a day
were analyzed as appropriate for each dement. The use of sSngle hours alowed the
modeling to account for variations in volumes and idertification of capacity and
operationa congraints throughout each day. This aso dlowed for ahigh levd of
confidence in the results as the analysis reflects actud operations as opposed to generd

capecity values.

The daily operationa parameters were converted to a yearly vaue based on the
anticipated numbers of day per year the system would be operating. For al eements of
this study, 260 operating days per year were used. Thiswas a conservative vaue that
assumed that operations were generally functioning five days per week. The vaue of 260
days was multiplied by the daily totas to calculated annua operations.

All measurements of systems performance will bein container hour of trave time. This
will be evaluated only for the time that the individua containers are moved in the system.
As areault, thismodding will document the movements of containers through dl

elements of the system, however the harbor operations and ocean trangt times will not be
included in the operationd andyss. These can beincluded in asystems andysis,
however this analys's assumed them to be constant and did not mode! their travel time.



Step 2 Model the System

A review of the system was conducted through direct work with the ports of Kaohsiung
and Tacoma, shipping lines, railroads, and ground trangportation agencies. The following
models were devel oped based on the flow of container volumes through the syssem. One
defined endpoint of the system isthe Port of Kaohsung in Chinese Taipel. Containers
from this port are shipped to the Port of Tacomaiin the United States. From the United
States, the containers are shipped to find destinations domesticaly and to detinationsin
Canada.

The Port of Kaohsiung container movement is represented below.

Port of Kaohsiung Container Movement

Containers in Terminal Yard

Drayage

Vessel Loading

Harbor Navigation

Within the Kaohsiung port area, containers are located on thetermina. They are loaded
onto trucks and drayed to the wharf. From here, cranes pick the containers from the truck
and load thevessdl. Thefind gtep in this processis the movement of the loaded vessd

out of the harbor and across the Pacific Ocean to the United States.

Asthe vessdl gpproaches the United States, it enters the inland waters of the State of
Washington. The container movement gpproaching and internd to the Port of Tacoma
areais shown below:



Port of Tacoma Container Movement

Vessel Enters Harbor Area

Harbor Naviagation

Vessel Secured at Wharf

Vessel Unloading

Drayage

Drayage

Terminal Gate

Loading on Train

The vessdl traverses the waters and is secured at the Port of Tacomawharf. From here,
the vessdl is unloaded and containers are either moved by truck or rail through the port

Construction of Train

Train Movement Through Urban Area

area. The containers moved soldly by truck leave the port area through the termina

gates. Containers moving by ral are drayed over to therail area. Once loaded onto the

rall cars, the trains are fully assembled and travel through the urban area. For these

containers, the movement outside of the urban arealis the endpoint of andysis for this

sysem. Therall trangportation system beyond this area directly connectsto find
destinations in the eastern United States.

The containers moved by truck have local destinations as well as degtinations in Canada.

The movement of containers through thisfind part of the system is shown below.

37



State of Washington Container Movement

Containers Leave Tacoma Terminal

Local Streets

Intersections

Freeway

Canada Border

As the trucks and containers leave the port, they travel through the loca street system and

onto the freeway network. From the freeway network, containers destine for Canada stay
on the system up to the border.

For the remainder of this systems andysis, the modd of traffic flows presented above
will direct what will be andyzed.



Step 3—Operational Analysis
An operationd anadyssis conducted on dl the dementsidentified in Step 2.

This beginsin the Port of Kaohsung area. For this andysis, the Yang Ming Line
container termind a the Port of Kaohsung isused. Yang Ming Line provided the
operating information and details presented below. For dl the andyss dements, TEU's
have been converted into actua containers. A factor of 1.75 TEU per actua container is
used which resultsin an average container length of 35 feet. Thisis consgtent with
averages between Asia and North America

The first ement is the movement of the containers from the termind yard to the crane
for loading. All of the containers are located within the Yang Ming Line area so there are
no termind gate issuesin this movement. The distance is 1.5 kilometers between the
yard and crane. An average speed for this dement including initid pickup of the
container through lifting of the container by the vessel loading crane is 20 kilometers per
hour. A tota of 1027 actua containers will be loaded onto the vessdl. This equatesto
77.07 container hours of travel time for this dement.

Drayage
Distance (K one way) 1.5
Speed (average kph) 20
Travel time per actual container (hrs) 0.075
Actual containers 1027
Container hours 77.03

The next dement isthe lifting of the containers from the drayage trucks and placing them
on thevessd. Based on Yang Ming Line facilities and operations, three cranes are used
to load the vessdl. Each of these operates at 28 lifts per hour. The 28 lifts per hour
equates to 0.0357 hours of travel time for each container to be loaded. Using the same
number of containers as above, atota of 36.69 containers hours of travel take placein
thisdement. Thetotal loading time assuming constant operation will be 12.23 hours.

Cranes
Lifts per hour per crane 28
Hours per lift 0.0357
Container hours 36.69

These two eements provide the beginning metrics for evaluation of the system
performance. The next eement is the harbor operations.



As mentioned in the earlier section of the report, operationa anaysiswill not be
conducted for the harbor and ocean trangt elements of this system. For the systems
andysis reaults, the operational parameters for these values are assumed to be constant.

The next eement in the system to be modeled is the unloading procedure at the Port of
Tacoma Three gantry craneswill unload the vessd at arate of 25 lifts per hour per
crane. Thisresultsin 41.08 container hours to complete this element of the system.

Cranes
Lifts per hour per crane 25
Hours per lift 0.0400
Container hours 41.08

Once the containers have been unloaded from the vessd, they take one of two routes. The
fird route is that they are placed on truck and leave the termina. The second routeisto
be loaded onto double stack rail cars. 60% of the containers are placed on truck and
leave the termindl.

For containers moving by truck directly to the gate, the drayage distanceis .32 miles. An
average speed for this movement is 18 miles per hour.

Drayage
Distance (miles one way) 0.32
Speed (average mph) 18
Travel time per actual container (hrs) 0.018
Actual containers 616
Container hours 10.95

Based on these values, this dement of the system involves 18.26 container hours.

These trucks and containers mugt exit through the port terminal gates. For this
movement, two gates operate at arate of 23 trucks processes per hour each. The gate
operations are modeled using the Dqueue gate operations computer program. This
program uses queuing theory formulas to evauate how the gates will operate. The results
of this program show an average delay per truck is 0.044 hours.

Gate Operations
Average delay per truck (hrs) 0.044
Actual trucks 616
Container hours 27.15

The gate operations eement resultsin 27.15 container hours.



Asthe vehicles leave the termind gate, they travel over aroadway for adistance of 2.12
miles This segment of road move 15,000 vehicles per day. Of thistotal number, 70%
aretrucks. Andysisof this roadway segment using speed flow curves and analyss of
each hour of operation resultsin atota of 363 vehicle hours of travel time. Thetable
below summarized the results of the travel time calculation by hour of the day.

Hour Vehicle Hours of Delay
1 4.27
2 2.73
3 2.44
4 1.75
5 2.30
6 6.08
7 12.94
8 19.75
9 18.65
10 18.98
11 19.17
12 20.43
13 21.08
14 21.33
15 23.49
16 28.68
17 30.96
18 29.88
19 22.24
20 15.99
21 12.94
22 11.38
23 8.75
24 7.23

Total 363.44

Near the end of this roadway element there are two traffic intersections. These eements
are moddled using modeling techniques developed to caculate the 24 hour operations at
sgndized intersections. The intersection analysis resulted in 108.35 and 56.83 vehicle

hours of delay for each intersection respectively as shown below.
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Hour Vehicle Hours of Delay
Intersection 2 Intersection 2
1 0.61 0.3
2 0.55 0.2
3 0.53 0.2
4 0.52 0.2
5 0.57 0.2
6 1.10 0.5
7 4.22 2.1
8 9.82 5.3
9 6.12 3.2
10 4.09 2.0
11 3.27 1.6
12 3.97 2.0
13 4.40 2.2
14 4.86 2.5
15 7.88 4.2
16 10.14 5.5
17 13.91 7.8
18 13.37 7.4
19 9.08 4.9
20 3.85 1.9
21 2.18 1.0
22 1.68 0.8
23 0.93 0.4
24 0.71 0.3
Total 108.35 56.83

The next eement in the system isthe freeway. The freeway segments were analyzed for
the PM peak hour using the Corsm analysis software. This covered only one hour of the
andysis period. To caculate the other 23 hours of aday, speed-flow curves were used.
These curves were based on the capacity values and operating characteristics caculated
in the Coram modd. The following tables summarize the freeway dements of the

gystem including volumes and vehicle hours of travel time per section.
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Hour

Section 1 Section 2 Section 3 Section 4 Section 5
Volume Time [Volume Time |Volume Time |Volume Time |Volume Time
1 1,720 137.05 1,863 131.02] 1,856 143.90 2,116 21512 2,486 319.14
2 1,169 85.93 1,197 75.70, 1,267 83.14 1,457 12424 1,713 184.28
3 1,010 76.70 918 55.07] 1,097 60.48 1,273 90.39 1,496 132.80
4 1,003 54.62 962 42.13] 1,180 46.27| 1,389 68.51 1,633 100.66
5 1,984 7257 1,986 61.12] 2,964 67.75 3,543 100.3) 4,165 148.76
6 5,208 199.10, 4,988 139.75 8,778 154.96| 10,548 229.45 12,398 343.74
7 8,230 457.75 7,845 310.25 10,578 344.26| 12,573 520.51 14,778 789.74
8 10,642 786.53 9,942 469.73 11,201 521.57| 13,195 808.54 15,509 1267.28
9 9,809 718.20, 9,200 444.72] 9,991 499.19 11,739 761.94 13,798 1192.99
10 8,910 731.10, 8,123 428.14 9,084 480.47| 10,645 730.19 12,512 1142.14
11 8,718 750.62] 7,980 443.84 8,333 498.200 9,718 760.42 11,422 1190.61
12 9,047 803.01] 8,254 470.06/ 8,392 521.95 9,769 809.14 11,482 1268.19
13 9,484 84257 9,064 546.93 9,149 619.48 10,630 962.47 12,494 1540.57
14 9,804 867.70, 9,975 657.31 10,216 758.07| 11,854 1181.67 13,932 1903.41
15 | 10,366 995.30| 12,012 1074.83] 12,393 1267.52| 14,280 2413.52 16,784 6566.98
16 | 11,541 1681.59| 12,548 1152.46| 12,452 1428.04] 14,310 2923.12 16,819 6908.14
17 | 12,000 2269.41 12,516 1139.62 12,379 1412.13 14,230 2890.55 16,726 6831.16
18 | 11,637 2011.06| 12,314 1128.09] 12,381 1349.92] 14,242 2660.03 16,739 6762.05
19 9,370 920.71] 10,454 887.57| 10,463 1029.06| 12,020 1667.06 14,128 3626.26
20 7,139 59290 7,733 54578 7,540 618.18 8,668 960.44 10,188 1510.30
21 5,946 457.75 6,251 400.74 6,039 449.62| 6,954 680.43 8,173 1063.27
22 5,306 392.73 5,687 366.08 5,698 410.64] 6,571 61459 7,723 951.31
23 4,034 292.02| 4,474 292.23] 4,551 32758 5,238 490.12 6,156 743.38
24 2,922 238.84 3,443 258.91] 3,540 287.24 4,039 429.66 4,747 651.26
Total 16436 11522 13380 23092 47138




Hour Section 6 Section 7
Volume Time ([Volume Time |Volume Time |Volume Time |Volume Time
1 1,531 237.32 667 64.82, 426 12451 356 47.12 59 0.87
2 1,018 169.11 396 52.31 280 70.84 234 27.10 16 0.08
3 903 208.44 338 56.59 196 48.76 164 18.65 28 0.16
4 1,064 378.60 434 93.11 187 58.52 156 22.15 71 0.87
5 2,811 1323.11] 1,099 320.08 303 119.06 254 45.06 134 1.67,
6 6,620 4184.700 2,299 752.42 790 274.34 661 103.80 217 2.15
7 7,879 3949.800 2,982 949.07] 1,913 728.40| 1,601 272.18 375 3.38
8 8,931 4161.16] 3,347 999.93 3,039 1424.09| 2,543 517.34 639 6.92
9 8,840 3974.421 3,244 762.100 2,684 1115.49 2,246 411.18 717 7.66
10 8,141 3537.37| 3,290 746.08 2,531 1060.98 2,118 391.27| 725 7.91
11 8,174 3204.59] 3,897 709.77| 2,672 1055.56] 2,236 389.27| 911 9.86
12 8,243 2982.86| 4,130 681.73] 2,920 1066.40| 2,444 398.03 938 10.45]
13 8,714 3199.71 4,136 685.42( 3,025 1067.31| 2,531 398.37| 1,029 11.12
14 9,598 3428.71] 4,460 820.04f 3,064 1051.04| 2,564 387.60, 1,057 12.36
15 | 11,330 3565.46] 4,433 809.12] 3,280 1042.00| 2,744 384.27 962 10.45]
16 | 11,265 340251 4,317 769.19] 3,528 1139.29| 2,952 419.95 954 10.87,
17 11,328 3770.03] 4,565 88298 3,993 1373.16 3,341 499.17| 911 11.12
18 | 10,591 3372.77| 4,037 730.43] 4,183 1338.92] 3,500 486.72 792 9.25
19 9,342 2504.13] 3,564 578.56 3,077 911.83] 2,575 340.53 520 5.54
20 6,856 1550.71] 3,015 386.08) 2,035 566.06] 1,703 211.63 406 3.95
21 5458 1157.32| 2,460 302.85 1,770 373.14| 1,481 141.15 185 1.67,
22 5,043 1133.07| 2,098 25258 1,447 315.95 1,211 119.54 142 1.59
23 3,884 1050.42 1,732 213.04 972 260.82 813 98.69 102 1.18
24 3,436 412.82] 1,058 107.57 684 153.30 573 58.64 110 1.02
Total 56859 12726 16740 6189 132

The freeway vehicle hourstotd is 204,214. Thistota includes the trucks on the freeway
sysem aswdl as other vehicles. Since dl vehicle types use the freeway and specific
vehicle operations are impacted by others, it is appropriate that this measurement

includes dl types.

One endpoint of the systems andlysisis the border crossing between the US and Canada.
The border crossng eement is modeled using the Dqueue computer program. The
number of border crossing gates varies from hour to hour as shown below.
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Each gate can process 95 vehicles per hour on average. The traffic volumes at the gates
during certain hours of the day are very high. These volumes reult in Sgnificant
queuing and delay for the vehicles crossing the border as shown below.



Hour Volume Dqueue Vehicle
delay (sec) Hours
1 16 2.50 0.18
2 12 2.00 131
3 20 3.75 2.28
4 28 4.25 3.23
5 51 11.75 7.07
6 110 342.00 116.48
7 209 199.67 137.88
8 307 108.00 12461
9 351 681.00 700.63
10 347 278.75 305.13
11 449 265.75 379.06
12 449 1096.50 1416.13
13 509 1185.50 1728.19
14 485 1272.50 1764.99
15 473 1261.00 1706.83
16 445 1046.50 1341.84
17 390 1283.25 1432.25
18 355 1050.50 1072.66
19 252 294.50 232.95
20 213 831.00 513.80
21 102 1268.33 371.90
22 63 490.75 92.62
23 43 5.50 5.23
24 59 15.75 8.81
Total 13466

The border crossing creates 13,466 vehicle hours of delay on the transportation system.

Thefind dements of this system are the movement of container by rall after being
unloaded at the port termind.

For the containers that move by ralil, the operationa analyss first models the movement
after unloading by the cranes. Thisinvolves drayage of the containersto aholding area.
Based on empirical data, the average time to complete this movement including actud
placement of the container is 145 seconds.

Drayage for Rail
Average time to move (hrs) 0.040
Actual Containers 411

Container hours 16.55




The 411 containers that move by rail have 16.55 container hoursin the drayage e ement
of the system.

The next eement involves movement of the containers from the yard onto rail cars. For
efficiency reasons in unloading the vessd, the containers are dl placed directly in the

yard after being unloaded. At the same time, the containers begin to be individualy
moved from the yard to be loaded onto the rail cars. This process is Smultaneous with the
unloading.

The average timeto load an individua container is 170 seconds. Thisresultsin 19.41
container hours for this movement.

Drayage for Rail
Average time to move (hrs) 0.047
Actual Containers 411
Container hours 19.41

After ssgments of rail cars are loaded, they are moved and positioned to congtruct a
completetrain. Based on empirical data and norma operating conditions, this involves
.31 hours of actual movement timefor dl 411 containers. This vaue includesthe
movements necessary to bring the completed train onto the mainline tracks and up to
operating speed. Thisresultsin 127.4 container hoursin this dement of therall
movement.

Thefind dement in this system is the movement of the completed rall car through the
urban area. The maximum speed for trainsin the urban areais 35 miles per hour. The
total corridor that this speed is adhered to is 62 mileslong. Thisresultsin 728.06
containersto traverse this distance.

Similar to the roadway operations analys's, the rail operations should account for other
uses of the facility during the 24 hour time period. Thisindividud train represents 19.6%
of the total daily train volume on thisrail ssgment. Asareault, the container hours are
factored up to reflect the tota container movement in the rail operations e ement.

Rail Operations

Average speed (mph) 35
Actual Containers 411
Distance (miles) 62

Container hours 3713.09




All of the operationd dements of the defined transportation system have been andyzed.
Thetota vehicle and container hours can be calculated for the system anays's phase.



Step 4 - Conduct Syssems Analysis

A systems analysis of the operations can now be conducted. All dements of the system
inputs and outputs are equd for the existing conditions scenario. Thisis due to the fact
that the system isfully operationd today. The following table summarized dl dements
of the system.

Kaohsiung
Drayage 77.03
Loading 36.68

Tacoma
Unloading 41.08
Truck drayage 10.95
Terminal gate 27.15
Local Roadway 363.44
Intersections 165.19
Freeway sections 204214.64]
Border crossing 13466.05
Rail drayage 16.55
Rail loading 19.41
Train construction 127.41
Urban rail travel 3713.09

System Total 222,279

Under current conditions, the system as defined in the previous sections has atota of
222,279 vehicle and container hours of operation per day. Asthe earlier section pointed
out, thistota includes roadway dement vehicle hours aswell astota container volumes
intherall operations ement. Once thisinformation is calculated, the performance
measures can be applied to the system.



Step 5 - Value Perfor mance M easur es

For this system, specific values have been assigned for the times of container and vehicle
movement. For the containers moving in the system, avaue of $50.00 per hour has been
used. For the other vehicles on the roadway system, a vaue of $10.00 per vehicle hour
has been used. The table below shows the annual totals based on 260 days of operation

per year.
Daily Hours Annual Container Value | Annual Vehicle Value
Kaohsiung
Drayage 77.03 $ 1,001,325
Loading 36.68 $ 476,821
[Tacoma
Unloading 41.08 $ 534,040
Truck drayage 10.95 $ 142,364
Terminal gate 27.15 $ 352,945
Local Roadway 363.44 $ 3,307,327 | $ 283,485
Intersections 165.19 $ 1,288,446 | $ 171,793
Freeway sections 204214.64) $ 238,931,133 | $ 483,171,847
Border crossing 13466.05 $ 54,268,198 | $ 24,158,101
Rail drayage 16.55 $ 215,204
Rail loading 1941 $ 252,308
Train construction 127.41] $ 1,656,330
Urban rail travel 3713.09 $ 9,464,743
System Total 222,279 $ 350,696,632 |$ 507,785,226
|$ 858,481,858

The system with these vaues currently during the operationa parameters provided has a
vaue of $819,676,412.

From this base value, changes or improvements to the system can be made. Severd
scenario analyses can be conducted to determine impacts on the system performance.




Step 6 — Model Scenarios

In the scenario analysis provided here, traditiona benefit-cost caculations will be used.
Severa scenarios will be consdered. For all scenarios, afuture year of 2005 will be
andyzed. The roadway traffic volumes will be increased between 2% and 10%
depending on locdl projections for al scenarios for year 2005.

From this future year basis, the following specific scenarios will be evauated.

One additiond gate at the border crossing for hours 6 through 22
Shift 75% of containersto rail transportation system
Shift 75% of containersto rail trangportation system and increase rall

gpeed to 60 mph.

There are costs associated with the improvements noted in each scenario. These costs are
included in the following benefit-cost andlysis cdculations. The benefit vaues are the
net present benefit of improvements over the 5 year time period.

Scenario 1: One additional gate at the border crossing for hours 6 through 22
The cost of adding one addition gate to the crossing is $1,380,000. For the border
crossing eement, the net present vaue of future benefits over five yearsis $249,885,525.
The benefit to cod ratio for thisdlement is181.08. Since thisis the only improvement in
the system, it is d o the system wide benefit to codt ratio.

Scenario 2: Shift 75% of containerstorail system

The shift to a system that has 75% of the containers on therail system significantly
impacts the performance of the system. For the rail eements, the estimated cost of this
container shift is $1,650,000 in additiona equipment necessary to maintain the same
operationa performance. The increasesin volumes results in the container hour vauesto
increase and consequently an increases cost. The benefits for these dements are
negdive.

This shift to rail however reduces the container volumes on the roadway and other
elements of the system. These reductions result in an increase in performance for the
individua impacted eements. The result of this 75% shift isan increase in rail cogts, but
adecreasein other costs. The net result is a pogtive impact on the sysem. The table
below shows the vaues.
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Daily Hours Future Benefits
Kaohsiung
Drayage 77.03
Loading 36.68
[Tacoma
Unloading 41.08
Truck drayage 457|$ 160,160
Terminal gate 11.33| $ 397,063
Local Roadway 305.29| $ 1,261,751
Intersections 156.83| $ 165,682
Freeway sections 185835.33( $ 144,734,604
Border crossing 13331.39| $ 1,772,144
Rail drayage 31.01{$ (470,906)
Rail loading 36.36| $ (552,096)
Train construction 238.70( $ (3,624,350)
Urban rail travel 4349.03| $ (137,615,839)
System Total 204,455
$ 6,228,213

Scenario 3: Shift 75% of containersto rail system and increase speed to 60 mph
The shift of containersto the rail system has a net positive benefit on the system.
Improvements to railroad an street grade crossings can increase the speed of trainsaong
the corridor to 60 mph. The cost of improving 11 of these crossing is $268,000,000.
Using the information ca culated above and the increased speeds, the system benefit is
$79,512,826. Thisresultsis abenefit to cogt ratio of 0.0297.
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Daily Hours Future Benefits
Kaohsiung
Drayage 77.03
Loading 36.68
[Tacoma
Unloading 41.08
Truck drayage 457|$ 160,160
Terminal gate 11.33| $ 397,063
Local Roadway 305.29| $ 1,261,751
Intersections 156.83| $ 165,682
Freeway sections 185835.33( $ 144,734,604
Border crossing 13331.39| $ 1,772,144
Rail drayage 31.01{$ (470,906)
Rail loading 36.36| $ (552,096)
Train construction 238.70( $ (3,624,350)
Urban rail travel 2536.93| $ (64,331,226)
System Total 202,643
$ 79,512,826

For the time period of 5 years, thisisa poor ratio. Consdering the benefits will be
redlized for 20 years, the benefits could reach $318,000,000 depending on other volume
projections. Thiswould result in a positive benefit to cost ratio of 1.19.

These scenarios evauating individua improvements clearly demondrate the need for a
systems andysis gpproach. The benefits redized a the US-Canada border crossing for
example improve the performance of the entire system. While the improvements are
isolated eements of the system, the benefits can be redized in the entire system. The
increased efficiency of moving these containers can be direct benefit for dl three
€conomies.

Therall improvements scenario may have negative benefit to codt ratios for individua
elements, however the system impact is positive. Again, the system benefits are redlized
throughout the system.

Findly, improvementsto therall system operating speeds in the urban area will benefit
this trangportation system as well as others. The Port of Sesttle uses many of the same
rall linesidentified in this study. Although the Port of Seettle and Port of Tacoma are
compstitors, these improvements can provide mutua benefits to both interests.

This example demongtrates the need for conducting sysems andyss. If theindividud
elements of this system were evauated separately, improvements such as the movement
of more containersto the rail eement would not be justified. A sysemsanayss
approach however demongtrates that there are sgnificant benefits gained from this move.



Application of the TSHIPS gpproach will increase the efficiency of trangportation
systems, provide direct benefits to the globa economy and alow economic gain by
supporting sound decision making practices.



The fundamenta approaches used in the TSHIPS systems analysis can be applied to the
non-physical e ements of the trangportation systlem. The Six steps used in the analys's
can be followed to address issues such as documentation, customs regulation,
communication deficiencies and other non-physica eements that affect the operation of

trangportation systems.

5.

6.

Choose parameters

Modd the system

Conduct operationd analyss
Conduct systems andysis
Vaue performance measures

Modd scenarios

Thefollowing section discusses emergent areas in the non-physical eements.



A SUMMARY OF NON-PHYSICAL INSTITUTIONAL BARRIERSTO
COMMERCIAL TRANSPORTATION

Asadl sudents of the shipping world are thoroughly aware, modeling the movement of
cargo in any form from an end user in one country to another end user in a different
country is not as Smple as asingle point-to-point calculaion. Barriersto the Smplest
case of the free-flow of goods are many, and mostly of historic endurance. Out of
necessity, the TSHIPS project has examined and catdogued many of the mgor,
identifiable non-physica barriers which impact scheduling and larger fractions of the

total cost of cargo handling. Those items which have been considered in current and past
modding efforts include the fallowing:

| nadequiate communi cation between modes

Poor tracking of container movements

Incompl ete paperwork

Communication systems not compatible

Differing labor work issues in the same transportation system
Termind operaion times not matching warehouse operationd times
Limited hours of service a ddivery points

Individua modes in system not working with others

Missing documents a transfer points

Locd policies incongstent with transportation system objectives
No advance communication of shipments or delivery times
Lack of funding in needed areas

Taxing policies act as deterrents

System not responsive to Just-In-Time delivery needs

An additiond category of non-physical impact causes to containerized cargo movement
may be referred to as ‘emergent impacts’, and includes specific congtraints which are of a
non-historical nature. These impact areas are of interest for severa reasons.

They are too new to beincluded in any current or past models

The impacts are so broad that they’ re hard to locdize or quantify

The impacts are not often predictable in scope or degree

These areas are too flexible to modd in a static manner

These areas have impacts which differ based on perspective

These areas have dependencies on other non-modeled processes

These impacts are non-linear

This set of impact areas is expected to change rapidly with time, making modeling
chdlenging

It istoo often not clear who owns the controlling process of these impact areas

Possible impact areas in this set include:



1. IT and tedecommunication concepts; integration of rea-time data streams on portable
equipment. Examples of thisinclude the current ability to monitor WWW deata,
wireless telecommunications and secure, proprietary business-critical data,
interactively, from mobile platforms anywhere on the planet.

2. EU issues; borders, tariffs, etc. The colors of the map of Europe are running, again,
but this time due to internationa politica and commercia agreements, rather than
military conflict. The expangon of NATO and the EU, east and southeastward, will
continue to have unanticipated globa impacts on commerce.

3. WTO like trade agreements and lack of same. Only severa months, ago, there existed
an entirely different predictive modd of internationa trade for the future than the one
used, today. The failure of the Seettle-round of trade talks to produce binding
agreements was just as sgnificant in impacts as the generation of new condraints
would have been, coupled with the uncertainty of when and where new agreements
will be made.

4. Environmenta congtraints and mitigation measures. Redtrictions on balast-water
dumping are only the beginning.

5. UN and other ‘world government’ owned processes. The use of commerce asa
politica tool is not new, but the tools to manage and change these decisions in redl
time are new. The impacts of gpprovas of new trade routes, re-flagging whole flegts
of vessdls, and the possibilities of world-wide tariff structures have yet to be
successfully calculated.

Concludgon;

Aswith muchin life, modeling is both ablessng and acurse. The blessings to be regped
from being able to predict future results of present business decisions and processes are
clear and have aways been sought. A large fraction of dl of our timeis spent in atempts
to know or predict or control these very outcomes. The curse in this context comes from
working in the modern world of today. We take for granted, and fundamentally expect,
to know details of what' s transpiring on the other side of the world in near-red time; data
ranging from internationa stock and currency market conditions to business-related
actions of individual people. The common eement between al of these areas may be
generdized as‘ predictability’.

When the British-East India Tea Company started expanding the reach of the British
Empire in the last century, the mgjor varigble in scheduling clipper arrivas and

departures was port and enroute weather. Even that was semi-predictable centuries ago.
With the advent of powered vessdls carrying containerized cargo between highly
mechanized and automated ports, the system variables have been dramatically reduced, to
the point, today, where schedules are considered fixed and are published far in advance.
This predictability of trade has had un-anticipated impacts on business, resulting in
declining profitability of higtoricaly sound businesses. Any modern trans-shipment firm
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or consolidator can testify to the vast increase in work required to keep a business viable
today, compared with only a decade, ago.

Just imagine what these businesses and modd s will haveto look likein 10 to 50 years; a
border agreement involving Indonesiamay well have a pronounced effect on asingle
aspect of currency or shoe tradein Europe. Theresult of an eection in France or Itay
with environmenta impact will dramaticaly influence trade with Audrdia, and the like.

The modding of emergent and un-stable parameters will become just as significant in the
next quarter century as dl of the historic trends werein the last century. The TSHIP
project team has commenced the inclusion of these emergent factors into devel opmenta
modedls, in anticipation of their need for future work. We expect to be able to address the
next generation of APEC needs in these areas of trangportation modeling before the needs
become critical, and will remain available to support APEC and other trade groupsin
addressing many aspects of infrastructure investment and process andys's, upon request.



