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EXECUTIVE SUMMARY

Problem Definition

The Prince Rupert Port Authority (PRPA) is examining the feasibility of
developing Ridley Island port land into a value added cluster of logistics service
providers. At question is the kind of transportation model that could be created to link
the Fairview Container Terminal and its deep sea container port capabilities to the

logistics cluster on Ridley Island in a time and cost efficient manner.

Relevant Facts

The proposed Phase Il container terminal expansion project will increase
terminal throughput capacity by 400% from 0.5 million TEU (twenty foot equivalent
units — an industry measure of capacity) to 2.0 million TEU and expand the
intermodal marine to rail capacity. A new two lane private haul road is proposed as
part of the project that would directly link Fairview Terminal with Ridley Island. The
planned location of the logistics cluster and related developments is on Ridley Island
as it is the only location approved for new large-scale industrial development in the
Port. At present there is no firm decision on whether or not the new private haul road

will be included in the scope of work for Phase II.

Project Scope
This project will only cover the addition of the new haul road and the
equipment used to provide the transportation capacity to service the logistics cluster.

The integration of operational processes, integrated information flows, warehouse

1



operations and cost, logistics services, environmental footprint and related costs are

not included.

Fairview * |4
Container ‘f{i“ '
| Terminal [ 88

i_.‘-l ...’ S i

&
oA 7
A

TR

B [ New Road - 6km

Ridley  [iul
4 Logistics §
Cluster [

BR00D (ot - Imagary S2009 Dig e

Figure 1 - Current & Future Truck Routes Map'

The construction costs of the project options outlined in Model I, Model Il and
Model lll are based on estimated cost figures obtained from the PRPA. For example,
the cost of the haul road, if added to the Phase Il Fairview Teminal Expansion

would be $4.5 million. If the road construction is to be undertaken as a stand-alone

! (Google - Imagery, DigitalGlobe, GeoEye, Map Data, Tele Atlas 2009)



project itself then the estimated cost would be close to $5.0 million. The potential
cost of building a container depot on Ridley Island with truck access would be
approximately $15.0 million dollars. If truck and rail access plus a full rail intermodal
facility were added to the depot and new haul road, the cost could be $43.0 million

dollars (construction estimates from the Prince Rupert Port Authority).

Project Methodology
The goal of this project is to outline, develop, compare and contrast the
benefits to be gained by adding the two lane haul road over the current truck route

that follows the provincial highway through the middle of the City of Prince Rupert.

This project involves the development of three trahsportation models. The first
model, Model |, will outline the current route in place for hauling containers with
trucks from Fairview Terminal to Ridley Island. The other two modelg, Model Il and
Model Ill, are based on the proposed construction of the new two-lane haul road.
Model Il is based on the use of the current truck and single trailer equipment
configuration. The third model, Model Ill, is based on the use of a truck and double

trailer equipment configuration (New to the Port of Prince Rupert).

The development of Model | will allow a demonstration of the current route
mechanism along with its operational challenges and it also highlights the benefits of
constructing the new haul road. The two new models, Model Il and Model Iil,

demonstrate the time and cost savings possible as compared to Model |.

Truck route speed and distance data related to the Model | route and the

proposed truck route for Model Il and Model Il were collected. The measurement of
3



truck route distances was done by using scale maps, preliminary road designs and
vehicle odometer readings. Travel time for transportation operations was also
determined and physically collected from container trucks travelling the current
route. From this raw data the average travel time and the deviation in travel times
were calculated. Theoretical estimates were made for the proposed new road used

in Model |l and Model Ill.

Analysis Summary

The current logistics model outlined in Model |1 shows that the current trucking
route and logistics costs in terms of time and dollars are high and do not present a
good service advantage. The findings of this project indicate that the port is at a
disadvantageous position when trying to attract new investors or customers for the
services at the logistics cluster. The cost for transporting a single container on a one
way trip from Fairview Terminal to Ridley Island is approxifnately $135. This cost is
considered high when compared with other West Coast ports as their average
transport cost is $150 per container on a round-trip basis through more congested
routes that take a greater amount of time to complete. (Transport cost source: Prince

Rupert Port Authority)?

Another issue discovered during analysis is that the current truck route
infrastructure is unable to support projected volume growth (if truck volumes
maintain the cumrent 6% of total container volume) when the terminal is expanded

under the Phase Il Expansion Plan to four times the size.

2 Prince Rupert and West Coast Transport Cost averages from Prince Rupert Port Authority



As outlined in Model 11, addition of the new haul road would reduce container
transport costs by over 66% of the current costs of Model I. The reduction in truck
travel distance would be more than 65% over Model |. Travel distance reductions
coupled with a 36% reduction in the truck travel time for a complete round trip,
creates enormous benefits. Not only does the transportation route become more
efficient and cost effective, but it would benefit the environment by having fewer
trucks travelling on the road to do the same amount of work. The reduction in
distance and time to complete a round trip will also turn into greater than 56%
efficiency and trucking capacity improvement as the number of trips a truck can
make in a day will increase. This would be equal to an increase from under five trips
per day in Model | to over seven in Model Il with the same kind of trucking
equipment. Model Il also outlines that in order to handle the volumes from the
terminal expansion and logistics cluster (conservatively estimated at the same 6% of

total volume) the new haul road needs to be added.

This transportation alternative would also reduce overall fuel consumption and
would produce fewer vehicle engine emissions. Based on mileage data from a local
trucking company, the average fuel mileage on the current route is 5 miles per gallon
of diesel or 47 litres per 100 kilometres (km). To travel the current route of 40km the
average truck would use 18.8 litres of diesel. Travelling on the new haul road of
14km, and not counting elevation differences and fewer stop-and-go instances, the
same truck would use only 6.58 litres of diesel. Comparing the diesel consumption of
the current to the new haul road equals a 65% reduction in fuel usage to transport

the same containers back and forth to the same locations.



Model Il outlines a transportation solution based on single truck and multiple
trailer combination vehicles capable of camrying two containers at a time. The
efficiency of these units is maximized by operating them between the container
terminal and a container depot. Combination vehicles are not well suited to short
haul distances if the trailers need to be uncoupled and coupled. The addition of a
depot with container handling equipment would allow for the quick unloading and
loading of containers from the container trailer chassis without having to uncouple
the trailers. By using these combination vehicles on the haul road the cost per
container is reduced on a round trip basis to $35 that is a 74% cost reduction on

Model | and a 22% improvement on the already efficient Model I

The combination vehicles from Model Il would also provide a cost effective
and efficient way to move large volumes of containers from Fairview Terminal to a
depot on Ridiley Island. This would allow for the expansion of container storage
capacity for Fairview Terminal by developing a storage depot on easier and cheaper
to develop land at Ridley Island. The added benefit would be the potential to move
the daily truck gate traffic to Ridley Island and buffer the container flows to and from

Fairview Terminal.

Conclusion & Recommendations

In order to attract logistics service investors and related jobs to the Port and
region a more attractive value proposition is needed with regards to the cost efficient -
support of a logistics services cluster at the port. The key piece of infrastructure that

must be fully developed to enable this investment attraction is the new haul road.



The haul road will create opportunities to expand the use and efficiency of providing

logistics services and possibly the handling capacity of the container terminal.

Without the haul road in place it will be very difficult to attract investors to the
logistics cluster as the high transport costs and increased delivery time per container
would deter warehouse and warehouse related investments. With the haul road in
place, the expansion and development of logistics services and capacity can be
added incrementally based on a revised demand and business case. There is no
need to purchase a specialized truck fleet to service the logistics cluster in the short
term. The existing truck fleet and service providers can be deployed more efficiently
and effectively with the introduction of the new road. From detailed analysis there is
also the risk that the Phase Il Expansion truck volumes will overwhelm the current
truck route infrastructure, which would hinder expansion plans. The new haul road
‘would be able to accommodate significant increases in truck traffic. An added benefit
of having the haul road would be the exclusion of heavy container truck traffic
through the middle of the City of Prince Rupert. This will not only improve efficiency
but also help maintain the local support for the expansion of transportation services

in the Prince Rupert Port area.

Through the use of Process Flow and Queue Theory it has been determined that
the new private haul road would be more beneficial to the Port. The long term
benefits of the road can be reaped as soon as it is built and the benefits are:

% Increased trucking efficiency by 56%
% Reduced travel distance and cost by 65%

+» Diversion of truck traffic out of the downtown core



% Creation of a competitive advantage to attract investment

% Incremental development model to grow with future volumes

s Cost effective increase of Fairview Terminal capacity with the addition of a
new container depot serviced by LCV

+ Reduced diesel fuel usage of 65%

% Reduced environmental waste and emissions from more efficient use of the

trucking system

The new haul road will enable the initial incubation and future growth of the
logistics cluster. The transportation model can be changed and capacity can be

increased incrementally based on business demand.

The additional benefit of this haul road coupled with Model Il transportation
equipment is the expansion of container handling capacity of Fairview Terminal. The
dwell time of containers at the terminal can be reduced through developing and
using a hinterland container depot on Ridley Island (Used as an extension of the
terminal to hé)ld non-priority cargo, aged cargo and empty containers). Truck gate
activity could also be diverted to the Ridley Island depot. This would create higher
efficiency and turnover for the logistics cluster stakeholders through faster trucking

turaround times from the shorter haul distance.



INTRODUCTION

Reason for the Project

This document outlines and evaluates the transportation options to totally
integrate a cluster of logistics service providers on Ridley Island to the new container
terminal at the Port of Prince Rupert, BC, Canada. Advanced operational processes
coupled with a flexible and cost effective inter-facility transportation logistics service
will extend the capacity and service offering of Fairview Container Terminal (Fairview
Terminal). This in tum will increase cargo traffic flow, velocity of the value added
supply chain and add to the Port’s value proposition for attracting new customers
and investors. This project relates to the concept of the “Agile Port” introduced by

Notteboom & Rodrigue (2008).

The purpose of this paper is to illustrate and demonstrate that the addition of
the proposed new haul road from Fairview Terminal to Ridley Island will reduce cost
and time while increasing efficiency. The new haul road will also be a key
competitive advantage and selling point for further development and job creation in
the Port area. The proposed haul road would run from the south end of Fairview
Terminal, along the CN Rail right of way and connect to Ridley Island at the CN Rail

road overpass (See Page 77).

To demonstrate that the proposed road would have a positive effect on
Fairview and the Port in general, an analysis of the current transportation model,

named Model | in this project, will be used as the control. This will be compared to



the other models (Model Il and Model 1ll) that use the same trucking equipment over

the new haul road to demonstrate the improvement over Model |.

Sponsor

The Prince Rupert Port Authority (PRPA) is the local authority that operates
the Port of Prince Rupert and manages the development and use of the Crown land,
harbour and coastline in and around the Prince Rupert Harbour. It is a non-
shareholder, for-profit organization that is governed by a local (mostly) appointed
Board of Directors that includes representatives from each level of government

(Federal, Provincial and Municipal).

The PRPA is responsible for the overall planning, developing, marketing and
managing of the port facilities in Prince Rupert that includes ensuring competitive,

efficient and timely responses to customer and business opportunities.®

The Port of Prince Rupert is the second largest deep-sea gateway on the
West Coast of Canada and it is also the shortest trade corridor between Asia and the
Mid-West of North America. The PRPA is responsible for over 960 hectares of land,

14,000 hectares of harbour and 350 kilometres of coastline.*

j From the Prince Rupert Port Authority Website www.rupertport.com
Ibid
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Industry Overview

Containers

The advent of the marine shipping container has drastically changed the
nature of all industries and the ability of importers and exporters to reach new
markets. Now products can be purchased and transported in piecemeal or small lot
format versus large bulk orders. The cargoes aiso enjoy safe and secure shipment
over long distances. The shipping containers used are International Standards
Organization (ISO) standardized by length and height and also have a few

standardized types of use.

The marine shipping containers are built around a standard l‘ength of twenty
foot, forty foot and forty-five foot containers. The majority of the containers are forty
foot with twenty foot containers making up the next largest portion and forty-five foot
containers only a small portion of the total container ihventory worldwide. Standard

marine container heights are eight feet six inches and nine feet six inches.

A few types of standardized cargo carrying containers are; Dry Cargo,
Refrigerated Cargo, Tank or Liquid Cargo, Bulk Cargo, and Over-sized cargo in
Open Top and Flat Platform containers to name a few (see page 78, Appendix 3 —

Marine Container Types).

The popularity of marine shipping containers is due to the fact that they are
stackable either full or empty, can be used for a wide variety of cargo and is easy to

handle with universally standardized handling equipment. They can be handled

11



anywhere in the world with the same standardized type of handling equipment on

vessels, at the container terminals, and on trucks and trains.

Container Terminals

Marine shipping containers are hauled on specialized ocean going vessels in
a very time and cost efficient manner. These vessels need to unload and load their
cargoes quickly and efficiently at specialized container handling terminals similar to
the new one in the Port of Prince Rupert. Besides the specialized equipment to
handle the containers, the vessels are also attracted to ports because of the
hinterland connections they have by truck and rail so that the cargo can quickly and

efficiently be delivered to market.

Figure 2 — Fairview Container Terminal Phase | — Prince Rupert

Source: Prince Rupert Port Authority

Terminals that are faster, more reliable and cost effective attract more cargo
volume than ones that are lacking performance in any of these areas. The ability to
deliver on speed, reliability and efficiency benefits everyone in the port community

and the region as a whole through more local employment and direct investment.

12
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Figure 3 — Container Terminal Process Cross Section — Container Flow

The logistics services at a port add value to the supply chain and improve the
value proposition for new customers that want to use the port. This service in turn
can be marketed to increase containerized cargo flow through the port. These types
of services help to feed more traffic opportunities to the port and all communities that
belong to the gateway community. The logistics related services are unloading
imported goods, loading export goods and warehousing activities. Logistics services
can also include value added services to products such as labelling for different
languages, bundling products with special offer add-ons and repackaging of items

into more saleable packaging.

PROJECT SCOPE

This project will only cover the addition of the new haul road and the models
and equipment to use in order to provide the transportation capacity to service the
anticibated logistics cluster. The integration of operatibns processes between the
container terminal, truckers and warehouse/logistics service providers, transportation

modes, integration of information flows, detailed warehouse operations and cost,

13



logistics services offerings and cost are not covered. The detailed cost design and
capacity analysis of the new haul road is also out of scope for this paper. Each of
these topics constitutes and requires a separate detailed study to develop and prove

the best solution for each. As such these topics are out of scope for this study.

The construction costs of the haul road project options outlined in Model |,
Model Il and Model Ill are based on estimated cost figures obtained from the PRPA.
For example, the cost of the haul road, if added to the Phase Il Fairview Terminal
Expansion would be $4.5 million. If the haul road was to be undertaken as a stand-
alone project the cost would be close to $5.0 million dollars. The potential cost of
building a container depot on Ridley Island with truck access only would be
approximately $15.0 million dollars. If rail access and a rail intermodal facility were
added to the depot, the total cost could be $43.0 million dollars (Estimates source:

Prince Rupert Port Authority).

METHODOLOGY

Overview

The research methodology for this paper includes a logical construction of the
process steps and actions involved to move containers from Fairview Container
Terminal to the proposed logistics warehouse area on Ridley Island. The
development of the three models, Model |, Model Il and Model Ill, will allow a
demonstration of the mechanism indicating operational challenges of the curment

route and to highlight the benefits of constructing the new haul road.
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The first step was to collect truck route speed and distance data on the
current Model | route and the proposed truck route for Model 1l and Model lll. Every
major change in the route speed or road condition is tracked and noted with
distances to and from each logical action area and the time required to complete
each part of the route. Each major landmark has been carefully added to provide
benchmark locations that are comparable in each model on an equal basis. Having
steps or events completed at different locations would not provide a true comparison
of the advantages or differences in each model. The main landmarks are the
Fairview container terminal and the CN Rail Overpass on Ridley Island as the logical

start and finish destinations.

The measuring of truck route distances was done in two ways. For Model |, a
combination of scale maps and vehicle odometer were used to trace and record the
route. Landmark and container exchange locations were added as a route guide. In
the case of the proposed new road used for Model Il and Model lll, scale

measurements from preliminary maps and road designs were used.

The next step was the measurement of travel time on the current road. This
required the capture of physical data from container trucks travelling the current
route. Travel times to and from the proposed logistics facility are based on an
average taken from forty truck trips to and from the terminal and the cument
warehouse facility on Ridley Island. The raw data on the truck trips can be found in
Appendix 11 — Captured Truck Trip Raw Data found on page 86. The estimated

travel times on the first line of the raw data sheet were captured as a physical

15



measurement while travelling in a passenger vehicle at the posted speed limits to

and from Fairview.

Dwell times for trucks at Fairview are based on actual captured dwell times
from the truck trips. The average dwell time for trucks on the terminal are not
expected to change and it is important to note that any changes at the terminal

would equally affect all models as outlined further in this document.

Physical capture of truck movements on the current route in Model | have
provided ample information to calculate the variability experienced by the service
providers now under Model I. From this raw data, the average travel time and the
deviation in real travel times are calculated. The travel time for the new road was
calculated by simply using the distances and proposed travel speeds from the

proposed road design plans.

Another indicator used is the cycle times and number of times a trucking
asset can be used to perform a task in a fixed timeframe. We have used the best
and worst case scenarios found to determine an upper and lower deviation in truck

trip times.

A model capacity and queue theory analysis will also be made once all of the
models are constructed. From the models a recommendation can be made as to the

best model to use.

Transport costing has been added to each transportation event as applicable

so that an accurate costing of the service can be calculated. Some of the costs are

16



expressed in dollar terms while others are in terms of time. The transport costs are

gained from a company currently involved in container transport in the Port.

LITERATURE REVIEW

Overview
There have been many articles written on how container terminals can and

have become more cost and space efficient by improving the use of land area and

optimizing the number and type of equipment and personnel used to move

containers from vessel to yard and to a delivery mode of rail, barge or truck. There

are however, very few articles that relate directly to the use of trucks and trailers to

transport containers to and from a near dock area to expand the capacity of a

container terminal. 1t goes as far as a statement in an article that said “To the best of
our knowledge the number of papers focusing on trucks and trailers at container
terminals is very limited” (Stahlbock and Vos 2007). This statement motivated the

author to develop a model and processes for the transportation route, based on a

variety of sources and findings, and piece them together for quantifying and

evaluating this project.

The impetus for trying to create a relatively more cost effective and flexible
solution for Prince Rupert comes from industry to improve the supply chain and

increase the value-added services at the Port.

For this project the concept of the "agile-port” is used (Notteboom and

Rodrigue 2008) where containers are transported by on-dock rail or barge to a

17



nearby inland terminal or terminals where they can be sorted and re-directed to final
destination. | proposed to extend this concept of the “agile-port” to the movement of
containers from the container terminal to a near-dock container depot or logistics
cluster that can provide value added services before being forwarded to their final

destination.

Analysis

The variety of articles reviewed mostly came from Operations Management
and Economics related papers dealing directly with supply chain logistics and
maritime container terminal issues. Panayides (2006) expresses in his paper the
importance of logistics and the aim of logistics to achieve high customer satisfaction
(Panayides 2006). As per Panayides (2006), satisfaction is derived from receiving a
high quality integrated service with low or acceptable costs for the service rendered.
For the service to be considered successful it would have to provide for product
possession at the right place at the right time and at the least cost. The central
theme of an efficient and agile logistics offering is based on the concept of

integration of all the pieces of the supply chain (Panayides 2006).

Why change the model?

In the Industry Canada sponsored report of the State of Logistics for 2008
(SCL and CME 2008) there are many references to the cument and projected
increase in fuel prices and the negative effect this may have on the truckihg industry.
The main costs associated with transportation are labour and energy, with both

projected to rise over time on a unitary basis. While the two main variable input costs
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continue rising, the logistics industry demands more cost effective of lower cost
transportation. How is this possible? According to the report the cost reduction and

increase or maintenance of service levels will come from innovation.

One of the areas of innovation discussed is the concept of de-consolidation
(SCL and CME 2008). This involves the unloading of cargo from marine containers
and the loading of the cargo into domestic containers. The marine containers are
standardized around twenty, forty and forty-five foot long containers. The domestic
containers are fifty-three feet long (Also six inches wider than their marine container
cousins) and this causes a conversion factor of three forty foot marine containers’
contents fitting into two domestic containers (Maltz and Speh 2007);(Notteboom and
Rodrigue 2008). Containers are transported by truck and rail on a cost-per-container
basis. By converting three containers into two containers a transportation cost
reduction of 33% can be realized. The total amount of savings depends on the cost
and time efficiency of the warehouse that performs the marine to domestic
conversion and the transporiation cost from the terminal to the warehouse.
Nevertheless a cost savings can be gained by converting the cargo from marine to

domestic containers.

Efficient Hinterland Connections

The argument for making efficient hinterland connections to the ports or

marine terminals comes from many different views.

One of the views (Magala and Sammons 2008) is that when logistics

decisions are made the traditional model of port choice is made in isolation from the
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rest of the supply chain. This has led to disparate decisions that are based on each
piece of the logistics chain but not on the total integrated supply chain value
proposition. Magala and Sammons (2008) go further to propose a port choice model
that examines the complete process of moving product from source to consumer
with the port as a component of the logistics capacity and not as an entity unto itself
(Magala and Sammons 2008). In my opinion this is one of the best ways to view the
supply chain and the logic presented rings true. It will affect the way that logisticians
view a supply chain gateway for their goods. A gateway with disjointed intermodal
connections will be shunned in favour of a more integrated one. Integration of
transport modes also leads to increased movement visibility. This model or similar
models are in use as evidenced by the amount of time being spent to examine and
quantify the hinterland transportation problems in Hoiland (Van Der Horst and De

Langen 2008).

Van Der Horst and De Langen argue quite convincingly that not only do ports
compete with each other for local traffic but also what they term “contestable”
container cargoes. Their term refers to the cargoes that can easily switch from
gateway to gateway as the hinterland connections aliow this to happen easily.
European ports are also graded and judged on their hinterland access (Van Der
Horst and De Langen 2008) which is considered a key success criterion. Another
curious finding of their study is that there is little attention paid to the coordination of
hinterland activities in Europe even though this is an important key to success. They
found that the majority of bottlenecks are in the hinterland and are caused by

inadequate rail connections and congested truck routes. There have been many
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studies conducted on parts of the hinterland supply chain but all in isolation from the
other parts of the chain. Another important fact is that the hinterland transport costs
can far exceed the maritime costs (Van Der Horst and De Langen 2008) which
should logically lead to more attention on the hinterland transport, however it does
not. It is also suggested in the paper that the problems with hinterland coordination
can be of a strategic nature where one company does not want to help the other or
that one main player does not want to pay for all of the information infrastructure (IT

systems) as other firms can leverage them to gain an advantage.

Another related paper about Australian ports (Robinson 2006) suggests that
the port owner or port authority needs to take a holistic and strategic view of
infrastructure development. Their focus on “value migration” from older logistics
models in port development to new ones done in consultation with customers will
better satisfy the customers and in turn lead to more business. Robinson (2006) also
stresses that flexibility, scalability, and integration are important to the success of
any new development. This advice can be easily integrated into the Prince Rupert
Port area as the container facilities are in their infancy and future port development
can be guided in the direction of flexibility. The time for easy and cost effective

building of a flexible logistics capability exists now.

Warehouses that deal mainly with imported cargo have been shown to have
problems with current and accurate information (Maltz and Speh 2007) which
negatively affects their ability to deal with the influx of cargo. Typical imported items
processing warehouses have to deal with huge peaks and valleys in their supply as
their peak comes within hours of vessel arrivals and their valleys are the time

21



between vessel calls at the terminals (Maltz and Speh 2007). When the vessel
arrives the cargo must be moved very quickly from container terminai to warehouse
to hinterland transport which could be done by truck or rail. The important point here
is that the speed of the service is the selling feature. Successful planning and
speedy outcomes depend on current and accurate information on cargo arrival and

expected cargo volumes.

One of the best articles about this subject has come from Mr Notteboom and
Mr. Rodrigue (2008) on the importance of integration in the supply chain from the
point of view of ports and shipping networks (Notteboom and Rodrigue 2008). They
contend that the gains in productivity at container terminals have mainly come from
management know-how and systems at the terminal and from hinterland size. There
have been no real gains or innovation in equipment or terminal capabilities other
than some oversized equipment that has not really resulted in productivity gains. For
all intents and purposes the equipment at each container terminal is the same as is
the related inland movement equipment and modes: rail and truck. The current gains
have come from new software management systems aimed at improving decision
making and tracking at the container terminals. These systems and processes will
not give a large gain in productivity at the terminal. The real place for improvement
and innovation is from the management of the logistics system as a whole

(Notteboom and Rodrigue 2008).

The result of massive container congestion at the Port of Los Angeles/Long
Beach has been a search for more capacity and innovation (Notteboom and
Rodrigue 2008) and that is the reason behind the initial building and current push to
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expand container handling facilities in Prince Rupert. This is the anchor point to an
underutilized rail and trade corridor which has the proven ability to quickly and
efficiently reach into the largest markets in the Midwest and East coast of the North
American continent along the CN Rail mainline. Further in the paper the question is
raised about whether or not ports and terminals can cope with the volumes if the

hinterland transport can maintain delivery efficiency.

The concept of the “agile-port” is introduced where containers are transported
by on-dock rail or barge to a nearby inland terminal or terminais where they can be
sorted and re-directed to final destination. | propose to extend this concept of the
“agile-port” to the movement of containers from the container terminal to a near-dock
container depot or logistics cluster that can provide value added services. From
these facilities the containers could still maintain their velocity and be delivered in a
time-sensitive manner to cross continent rail delivery. The whole system would
function in an integrated manner which would maximize customer visibility and
increase the value proposition of the port in general. The most relevant validation of
the need to study and develop hinterland capability is Van Der Horst and De Langen
(2008) stating that “Ports and their hinterland transport systems can only attract and
manage additional container volumes if the hinterland transport network is organized

efficiently and effectively’(Van Der Horst and De Langen 2008).

Equipment Selection

An important consideration for any new infrastructure project is the type of
equipment that may be used. In this case the proposal is to add a two lane road to
link the Fairview Container Terminal and the development area on Ridley Island. The
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design of the road would be affected by the potential future use of it with regards to
the layout of the road width, tuming radius, grade of incline and inter-road

connection areas (Califomia Department of Transportation 1984).

The popularity of multiple trailer vehicles or longer combination vehicles (LCV)
is rising (Mele 2009) as the transportation industry is trying to find innovative ways to
cope with increasing costs and cargo volumes. At the same time there is a drive to
find cost efficiency and environmental improvements in the trucking industry. The
most obvious way to achieve the goal of cost efficiency is to haul more with the
same rolling assets. Environmental improvements can also come from maintaining

or reducing the number of trucks on the road while increasing their payloads.

What has been proposed by the trucking industry is to haul two domestic
length trailers (fifty-three feet each) with one tractor unit. This reduces the labour
cost portion by fifty percent and decreases the fuel cost by an estimated eight
percent (Mele 2009). The other benefits are reduced road congestion and lower
engine exhaust emissions. While the idea of hauling two domestic trailer loads with
one truck is a good one, it can only be implemented on trips that have a longer or
direct haul component with no stops between origin and destination as the trailers
take time to manoeuvre and disconnect and reconnect. The units would not be
suited to dense city routes, short haul, and door-to-door delivery due to the time
required and difficulty in the trailer disconnect and connect process. The inner city,
short haul and door-to-door delivery truck routes make up the bulk of trucking

industry routing patterns. As a result, it is estimated that introducing these LCV units
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in America would only result in six percent fewer truck trips. The largest investment

foreseen for implementing LCV units would be additional truck driver training.

The only group so far opposing the move to LCV units is the International
Brotherhood of Teamsters which sees the LCV as a dangerous combination of
length and weight which will increase accidents and cause further highway damage
.(Kilcarr 2008). The proponents of the LCV are trucking company owners and their
customers (Kilcarr 2008) who would definitely see this as a way to reduce costs and
improve their carbon footprint. A study has been commissioned and is being
conducted now by the University of Michigan Transportation Research Institute to
determine the benefits and disadvantages of different types of cost saving

combinations.

The only study completed to date was one by the California Department of
Transportation in 1984. They researched and field tested three different LCV types
with triple twenty-eight foot long trailers, double forty eight foot long trailers and a
forty eight foot long and twenty-eight foot long trailer matched together. Refer to
Appendix 5 — Model Il - LCV Equipment on page 80 for pictures of the triple twenty-

eight and double fifty-three trailers.

The best results came from the double trailer combinations as the triple trailer
combination wandered and was hard to slow down evenly. The units that relate the
closest to the Prince Rupert project are the double forty-eight foot trailers. They
found a one-hundred percent increase in capacity per driver and a reduction in the

amount of fuel consumed. There was also an expectation of lower air emissions due
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to fewer trucks needed to haul the same freight. The negative points are the safety
factor of these large units in traffic and damage to the road. The other concerns were
infrastructure damage from the trailers taking more turning radius which could result
in property damage and parking issues (Califomia Department of Transportation

1984),

There were some very good points drawn from this study that relate directly to
the Prince Rupert project. The most important are that the LCV combinations work
and can be operated with regular street traffic as long as the road infrastructure is
built with the LCV units in mind. They recommended a ten foot wide road lane
minimum with a 12 foot lane width ideal for the double forty-eight foot trailers. The
other finding is that the off and on ramps and intersections need to be one-hundred
feet in radius to allow the same handling characteristics as a standard single tractor
trailer of forty-eight feet. As the Prince Rupert project proposes a purpose built port
haul road, it can be operated in a private or traffic controlled manner to reduce or
eliminate any regular street traffic and mitigate the safety concerns found in this

study.

MODEL ANALYSIS

Logistics Models Overview

Each of the three models, Model |, Model Il and Model i, is based on the
infrastructure currently present or expected to be built for the Fairview container
terminal under the Phase Il expansion project. The last model, Model Ill, includes

some blue sky interpretation of a possible next logical step in the progression of
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container terminal capacity development in the port with a container depot added at
Ridley Island. It is not expected that Model Il would be immediately financially viable
given the current container volumes and need for the construction of a container

depot.

Without a realistic projection of the volumes needed to justify the
implementation of progressive models like Model Ill, there could be capital assets
(specialized truck and trailer combinations) and infrastructure (container depot)
added without any hope of fully realizing the incremental gains from its use. Over
equipping the service would positively improve capacity but would increase the cost
of service provided by the trucker, Fairview Terminal and the container depot
operator if applicable. The expectation is that the capital assets and infrastructure
employed would be added incrementally as the business and container volume

demands.

Logistics Models Assumptions
Equipment

The equipment used in Model | and Model Il are the standard highway
capable tractor unit towing a container trailer chassis that is capable of hauling one
twenty, forty or forty-five foot marine shipping container. Refer to the equipment

pictures in Appendix 4 — Model | & Model Il Equipment Used on page 79.

Model Ill is based on the use of a standard highway tractor coupled to a
double trailer container chassis combination vehicle. This vehicle would be capable

of hauling two containers of twenty, forty or forty-five foot length or any combination
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of two thereof. See the expected equipment in the second photo in Appendix 5 —
Model lll — LCV Equipment found on page 80. This type of combination vehicle
would be able to haul twice the amount of the units used in Models | and Il. The
tractors used could be the same standard type as used in Model | and Model I,
however higher horsepower rated tractor versions may be considered ideal by the

trucking operator.

One of the advantages to the new road would be that it is considered to be a
private road. As such the possibility exists to use even more specialized off-highway
tractor trailer units that would be considered a non-standard configuration. The first -
type of equipment to consider would be the currently used container terminal tractors
with single container “bomb cart” style trailer chassis. These trailer types are
designed for quick load and unload times, fabricated with heavier steel and designed
for enhanced durability. There are also other off-highway tractor trailer multiple
combination vehicles in use that have the capacity for one driver and tractor to tow
up to five fully laden forty or forty-five foot long containers. Some photos and
drawings of these can be found in Appendix 6 — Model Ill — Off-Highway Equipment
on page 81. These are also of a “bomb cart” style and example can be seen in use
in three trailer configuration at Deltaport Container Terminal in Vancouver, BC,

Canada for use on the container terminal only.

Distances

The distances travelled in each of the models are based on a round trip basis.
This assumes that the truck travel starts and ends at the container terminal. A round
trip assumes that the truck is coming to the terminal to receive a container, delivers it
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to a warehouse, and picks up another container from the warehouse and then

retums to deliver it to the terminal.

Transit Time

One of the factors weighing heavily on the transit time is the distance travelled
and the other is the speed at which the truck travels. Each model has different
routing and factors affecting speed that create variability in the models. The one
constant is the distance travelled and time spent at Fairview. This equally affects
Models | and Il. Model Il is affected to a greater degree as more containers are

handled on each trip to Fairview.

With Model Il and Model lll there exists the possibility that the speed limits
can be raised beyond what is conservatively estimated now in the calculations. Once
a final engineering design for the road is agreed there will have to be a recalculation
of the capacity and speed of the route. An increase in speed is anticipated after final
engineering is done which means the new road will perform even better than it is

currently estimated to.

The time involved in processing or providing service on cargo in the
containers at the warehouse is not included. The reason is that this does not directly
relate to the ability to transport the containers to and from the terminal and
warehouse or logistics service provider. The time taken to process would directly
depend on the type of service required for the cargo in each container. The
warehouse time spent is for dropping off the container trailer chassis and picking up

another container on another container trailer chassis. Model Il is purely based on
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turnaround times from the unloading and reloading of the multiple trailers at Fairview

Terminal and the proposed container depot on Ridley Island.

Logistics Costs

The tangible costs are made up of container transport from Fairview Terminal
to the logistics cluster and from the logistics cluster back to Fairview Terminal. The
cost of transport has been gained from a trucking company that is currently involved
in container transport in the Port of Prince Rupert. This company’s cost figures
represent a standard pricing basis for estimating the logistics cost. These trucking
costs can be considered to the high end of average local trucking costs. Of course,
depending on the overall trip frequency and container volume the rates could be

negotiated and adjusted downwards by a special contract price.

The fee charged at Fairview Terminal for processing trucks through the truck
gate is included in the ocean shipping rate charged by the steamship line or ocean
carrier to the importer or exporter. As it is included in the rate all importers and
exporters would be treated equally, which means we have zero rated the truck gate
costs. For the pumpose of this study these costs are standardized at zero and
unaffected by each Model and their inherent differences. Multiple containers hauled
in Model Il would be assumed to be levied the same gate charge at Fairview
Terminal. For the container depot a minimal charge per container of five dollars has
been added as an estimated cost to process in their truck gate, handle, unload and

load containers from the multiple combination trailers.
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The cost of de-stuffing and stuffing cargo in the containers and logistics
services at the warehouse are not considered in the costing exercise as this does
not directly affect the transport costs. These costs would be directly related to the
type of service and operation to be performed at the warehouse and would vary with
the type of service and cargo varies. The costs would form part of a service

agreement between the warehouse operator and the cargo owner.

The one intangible cost is the current social cost of a vocal opposition by
some members of the community to the increased heavy industrial truck traffic
routing through the middle of the City of Prince Rupert that has resulted from the
container trucking to and from Fairview Terminal. There may be some form of delay
and inconvenience that is experienced, but no facts or figures are available to

substantiate a proper calculation or estimate of the cost.

Another cost is the opportunity cost of trucks waiting at Fairview Terminal for
service. There are some estimates made of these costs based on Queue Theory

and the anticipated wait times under certain container and truck volumes.

Truck Turns

The number of times a truck can make a round trip is directly affected by the
distance travelled and the time it takes to travel. The operating hours of Fairview
Terminal also have an effect on it. Currently the terminal operates from 0800 to 1630
Monday to Friday. During weekends and Statutory Holidays the truck gate is closed
due to higher operating costs and low container truck volumes through the gate. The

operating time of the terminal is currently seven and one half hours due to three non-
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working break times: two fifteen minute coffee breaks and one thirty minute lunch
break. The standard time used for all model calculations of truck turn time and truck

gate capacity will be seven hours, as a conservative estimate of actual working time.

Model | — Current Truck Haul Route

This model outlines the current transportation logistics configuration which
includes equipment used, truck travel distances, transit time and costs. All of these
affect the system capabilities, efficiency and truck gate capacity. For a map of the

corresponding route see Appendix 7 — Model | — Map on page 82.

Infrastructure Needed

As this model outlines the current transportation logistics situation the
infrastructure is already in place and consists of a 20 kilometre route that goes from
Fairview Terminal to British Columbia Provincial Highway #16 through the middle of
the City of Prince Rupert out to the industrial land on Ridley Island. There are no
expected infrastructure costs in the short term. The longer term of the Model | route
indicates that with increased container traffic volume there will be the need for a

larger truck staging or buffering area adjacent to Fairview Terminal.

Equipment Used

The equipment used in this model is based on the current highway capable
tractors and container chassis used for local transport. They include one driver, one
tractor and a single container chassis that can haul one twenty, forty or forty-five foot
container. See the equipment pictures on page 79 in Appendix 4 — Model | & Model

Il Equipment Used.
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Speed Ave Time

Move Type Action Step Distance (km) (km/h) (minutes)  Cost
FROM TERMINAL| Fairview Gate to Yard back to
Gate 0.5 2.7 11
subtotal 0.5 2.7 11|s -
TRANSITTO Fairview Gate to Park Avenue 1.3 39.0 2
Park Ave to McBride 2.7 32.4 5
McBride to Ridley Road 9.1 60.7 9
Ridley Road to Rail Overpass 5.9 88.5 4
Rail Overpass to Warehouse 0.5 30.0 il
subtotal 19.5 55.7 21| S 135
WAREHOUSE
Warehouse - Drop and Pick 0.5 1.5 26| S -
subtotal 0.5 1.2 26| S5 -
TRANSIT FROM |[Warehouse to Rail Overpass 0.5 30.0 1
Rail Overpass to Ridley Road 5.9 88.5 4
Ridley Road to McBride 9.1 68.3 8
McBride to Park Ave 2:7 32.4 5
Park Ave to Fairview Gate 1.3 19.5 4
subtotal 19.5| 53.2 22|58 135
TO TERMINAL Fairview Gate to Container Yar 0.5 2.7 11| S -
subtotal 0.5 2.7 11| s -
1 container pick up & 1 drop
TOTALS off 40.5 26.7 91 $ 270
Containers Moved: 2 |Cost per unit Sl 2185
Figure 4 — Model | — Distance Speed Time Cost
Distances

The total distance travelled in this model on a round trip basis is almost 41

kilometres. This assumes that the truck travel starts and ends at Fairview Terminal.

As previously stated these distances were gained by taking measurements from a

scale map and through physical measurement of the route distance. The legs of the

trip in this model are broken down into smaller segments so that an assessment of

each part can be made at each major intersection. It also allows for an equal
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comparison with the other models at certain key landmarks. See the Flow Chart

below in Figure 6.

The distances at Fairview Terminal remain constant at less than half of a

kilometre as the standard trip varies little.

From Fairview Terminal to the intersection at Park Avenue the road is on port
property and is controlled by a security checkpoint at the mid-point and a stop sign at
Park Avenue. The distance from Park Avenue to McBride is significant as it passes
through the middle of the town and encounters five uncontrolled intersections, five
uncontrolled pedestrian crosswalks, one - four way stop, one two way stop and two
traffic light controlled intersections. From McBride to Ridley Road there are only two
traffic light controlled intersections and two uncontrolled pedestrian crosswalks on
the over nine kilometre section. At the Ridley Road intersection there starts a simple
unobstructed road of almost seven kilometres that is ended logically at the rail
crossing overpass to create a common route measuring benchmark for Ridley
Island. The distance from the Rail Overpass to the warehouse is the last physically
measured portion and is estimated to be one half of one kilometre. There is no
difference in the route travelled or the distances encountered for the return trip to

Fairview as shown in Figure 4 above and Figure 5 below.
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Mcande to Ridley Rd
Park Ave to McBride 9.1km /
2 7km ’.W

Fairview to Park Ave | ‘I -
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Container

Terminal |55 e Ridiey Rd to Rail Overpass
Y = 5.9km

Rail Overpass c .

Ridley Logistics |§
Cluster 0.5km _[-_" .

WDO (Wt

Figure 5 — Current Truck Flow Route Map®

Transit Time

In the case of this model the trave! distance through the middle of a town is
significant to note as the route consumes truck travel time. This leads to reduced
speed regulations and makes the average speed of travel at the best case of thirty
two kilometres per hour. A weighted total time calculation taking the distance

travelled and the related speed zone gives an average time scenario of over ninety-

4 (Google - Imagery, DigitalGlobe, GeoEye, Map Data, Tele Atlas 2009)

35



one minutes. The transit time is also heavily exposed to possible and probable
delays caused by the congestion of slow moving town traffic, delays from vehicles
parallel parking, numerous pedestrian crossings, traffic lights and traffic diversions

from road work and accidents.

The variation in total trip time can be as much as twenty minutes on either
side of ninety-one minutes. This is a great deal of unpredictability. On this route it is
easy to add from three to seven minutes to the transit time one way just getting
through the middle of the City of Prince Rupert. Adding in the expected variation or
deviation from the average trip it is possible to have a round trip as short as seventy-

one minutes and as long as one-hundred-eleven minutes.

Taking the average round trip time of ninety-one minutes without the potential
delay of twenty minutes you can see how the process flows from the Flow Chart in
Figure 6 below. This outlines the Model | process map associated with the complete

round tnp with each step and the time spent by the truck to move the containers.

Truck Turns

Given the average travel time in this Model and the deviation of twenty
minutes from the average time there is the possibility of a truck making at best a total
of almost five round trips in one operating day. If the truck experienced the worst
case expected delay or vanation from the average of an extra twenty minutes per
round trip the truck could only expect to complete two and a half trips per day. This
means the driver could lose two trips per day and the associated revenue. The

percentage difference between the best and worst trip times is an amazingly high
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MODEL I - FLOW CHART
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93% variation in results. This proves that the current route is unpredictable at best.

You can see these results graphically in Figure 23 — Truck Tum Variability on page

63. The current transport route allows trucks to each move at best ten containers
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and at worst five containers in a day as illustrated on page 62 in Figure 22 — Truck

Turns per Day Comparison.

Logistics Costs

The cost of transport is affected by the distance and time travelled. In this
case the cost of a one way trip is $135 including the current fuel surcharges ($120
cost for truck, chassis and driver plus $15 fuel surcharge). This equates to a total
transport cost of $270 for the round trip ($240 cost for truck, chassis and driver plus
$30 fuel surcharge)

Logistics System Capacity

The capacity of Model | is based on the amount of traffic that Fairview
Terminal can handle through the truck gate infrastructure. At present, the average
number of trucks handled per day is 19.1 as outlined on page 85. On an annualized
basis 4,956 trucks were serviced (19.1 trucks per day * 5 days per week * 52 weeks
per year = 4,956). The current route follows the Provincial highway system (Highway
16) which can handle far in excess of the current truck volume. In fact, it could easily

handle more than twice that amount of traffic.

A Queue Theory analysis has been done and the results can be seen on
page 84. This shows that the terminal gate can easily handle the current volumes
and is only at a little over 45% current handling capacity. If the terminal were to
achieve its design capacity of 0.5 million TEU per year, then the estimated full future
volume of 9,456 trips per year could also be easily handled. This assumes a

prorated increase in truck trip volume of 5.9% of total terminal volume and the same
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container to truck visit ratio of 2009 (272,850 * 5.92%= 16,152 truck containers per

year: 16152 * (4,956/8,465) = 9,456).

2009 Container Throughput-Actual 143,000 |[2009 Truck Container Throughput 56
20 40 Total 5 <
T 4
Containers 23,980 119,060 145,000 2009 Truck Visits/Year 1956
Ratio 17% 83% 2009 Ave Trucks/Day 19.1
Ave. Trucks /Hr 2]

ES————— e
FULL Container Through put-Estimate 272,850 MIFULL Truck Container Throughpul 16,152
& = okl FULL Truck Visils/Year 9,456
Cntrs 45,679 227,171 272,850
17% 83% 1005 BIFULL Ave Trucks/Day 36.4
ve. Trucks / Hr 5.2

Figure 7 — Current & Estimated Full Capacity Throughput & Truck Visits

It is estimated that Fairview Terminal would have to add one more handler or
Reach Stacker to maintain service to unioading and loading of the trucks. This would
increase truck gate capacity to fourteen trucks per hour from six (refer to Figure 8
below and Appendix 10 on page 85). The calculated capacity of fourteen trucks per
hour is the maximum capacity of the truck gate in the current configuration of the 0.5
million TEU terminal capacity. This maximum capacity guidance is gained from
operational experience information from the Prince Rupert Port Authority in

cooperation with the operator of the terminal.

Capacity/Hr |Trucks/year |Containers/Year
Gate Capacity - 1 Reach Stacker 6 10,920 21,840 At 100%
Gate Capacity - 2 Reach Stacker 14 25,480 50,960 Utilizati
ilization
Gate Capacity - 3 Reach Stacker 22 40,040 80,080

Figure 8 — Gate Capacity with Number of Reach Stackers

It is very important to note that when Phase Il of the Fairview Terminal

Expansion is complete, the terminal capacity will be 2.0 million TEU or 4 times the
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current capacity. If the present truck route is used, the current truck gate and route
will not be able to handle the estimated traffic of 64,606 containers per year
(estimated at 16,152 containers per year at 0.5 million TEU * 4 = 64,606 containers

per year at 2 million TEU).

The estimated truck volume would be 20.8 trucks per hour (16,152 / 9,456 =
1.708 container to truck trip ratio; 64,606 containers / 1.708 truck trip ratio = 37,825
Truck Visits per year; 37,825 / 52 weeks per year / 5 days per week = 145 Trucks
per day; 145 Trucks per day / 7 operating hours per day = 20.8 trucks per hour). As
outlined in Figure 8 above, there would need to be 3 Reach Stackers deployed to try
and handle the volume, which is not possible with the current truck gate
infrastructure. The main bottleneck would be from Park Avenue to the Fairview

Terminal truck gate.

An estimate of the cost of queues building and increased wait times is also
helpful to justify the alternative haul route. Depending on the demand for service, the
costs to the stakeholders could be large (in excess of $0.5 million per year if using 1

Reach Stacker to handle trucks and $30,000 per year using 2 Reach Stackers).

This is based on the lost opportunity cost to the trucker of a $270 transport
round trip conducted in 91 minutes as outlined in the costing for Model | on page 33.
Costs were calculated by using the round trip cost of $270 and dividing it by 91
minutes to get a cost per minute of $2.97. The cost per minute was then multiplied

by 60 minutes to get an hourly rate of $178.02. The estimated wait time in hours for
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the year was then determined with results of Queue Analysis on page 84 and

multiplied by the hourly rate to come up with the opportunity cost to the truckers.

Model Il - New Haul Road to Ridley Island — Serviced by Single Trailers
Model Il outlines the expected logistics configuration, equipment used, travel
distances, transit time, costs and logistics capacity if the new haul road is built to the

south of Fairview Terminal to connect to Ridley Island.

Infrastructure Needed

This model requires the construction of the new private haul road considered
as part of the Phase Il Fairview Container Terminal Expansion. See the new haul
route below in Figure 9. The estimated cost of this project if undertaken as part of
Phase |l expansion is $4.5 million (source: Prince Rupert Port Authority). If this
project is undertaken separately from the Phase Il expansion it will cost more and is

estimated to be as much as $5 million (source: Prince Rupert Port Authority).

Equipment Used

The truck transportation equipment used in this model is exactly the same

used in Model I. See Appendix 4 — Model | & Model || Equipment Used on page 79.

Distances

The total distance travelled in this model on a round trip basis is 14 kilometres
as shown in Figure 11 below, based on the assumption that the truck travel starts
and ends at Fairview Terminal. Note that there is very little congestion on this route

as the road is private and runs direct from Fairview Terminal to Ridley Island.
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This routing is broken down into a few main milestones as the route is very
simple and direct. The distance travelled at Fairview Terminal is the same standard

under half of a kilometre that includes the distance from the gate to the location on

the terminal to receive the container and back to the gate.

Fairview
Container [£g
Terminal

Truck Gate
_--"-
Fairview to i

Casey Point 3

R

Casey Point to
Rail Overpass

Rail Overpass
s £

-

Figure 9 — New Proposed Private Haul Road

Once the truck leaves Fairview Terminal gate, it will travel to the end of
terminal property which is estimated at a little over one kilometre to Casey Point on
the current map (see Figure 10 below). At Casey Point the truck will drive due south

for less than five kilometres following the CN Rail right-of-way until it meets the CN
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Figure 10 — New Proposed Truck Flow Route Map

Rail railway track overpass. As with the previous model the truck will then continue
from the Rail Overpass to the logistics cluster or warehouse for a total distance of
half of a kilometre. While at the warehouse the expected travel distance is one half
of a kilometre. Once the truck has delivered the trailer and container and picked up
the retuming trailer and container the whole trip is repeated back to Fairview

Terminal gate for a total round trip of just over fourteen kilometres.
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Transit Time

This model produces a significant reduction in the travel distance over Model
|. Based on preliminary design estimates from the Prince Rupert Port Authority; the
travel speed along the majority of the new road will be a maximum of 60 kilometres
per hour. By taking each “leg” or segment of the travel route and placing estimated
travel speeds against the distances of each “leg” travel times are calculated. Then a
weighted average of the distance is divided by the total travel time to reach the

average travel speed (In this case 14.6 kilometres per hour).

Speed Time
Move Type Action Step Distance (km) (km/h) (minutes) Cost

FROM TERMINAL

Fairview Gate to Yard to Gate 0.5 2.5 12
subtotal 0.5 2.5 12|s -
TRANSITTO Fairview Gate to Casey Point dn 50 1.4

Casey Point to Rail Overpass 4.6 60 4.6

Rail Overpass to Warehouse 0.5 30 1
subtotal 6.3| 53.7 7.0| s 45
WAREHOUSE Warehouse processing - stuff/dd 0 ols -

Warehouse - Drop and Pick 0.5 15, 20
subtotal 0.5 1.5 20|l 8 -
TRANSIT FROM Warehouse to Rail Overpass 0.5 30 1

Rail Overpass to Casey Point 4.6 60 4.6

Casey Point to Fairview gate 1.2 50 1.4
subtotal 6.3| 53.7 701 S 45
TO TERMINAL Fairview Gate to Container Yard 0.5 2.5 12| § -

=

subtotal 0.5 2.5 12|55 -
TOTALS 1 container pick up and 1 drop o} 141 146 58.1 $ 920
Containers Moved: 2 |cost per unit $ 45

Figure 11 — Model Il — Distance Speed Time Cost



Once the exact specifications and engineering design of the road are created,
it should be possible to increase the speed limit to 65 or 70 kilometres per hour
along the main part of the route. This would significantly improve the already stellar
performance of the new road over the current route. For the purposes of this paper
we will assume a low speed limit (to be conservative). The transit time is only
expected to be affected by the ability of the terminal to process the truck in and out
in 12 minutes and that the time to complete the trailer and container exchange at the

warehouse will only be 20 minutes.

The Flow Chart below in Figure 12 shows the expected process flow and time
for the truck to complete the round trip process. This route may be affected by a 5 to
10 minute delay per round trip due to processing delays at either Fairview Terminal
or Ridley Island warehouse. Taking 10 minutes delay for the worst case scenario,

the total round trip could take 68 minutes versus the expected 58 minutes.

Truck Turns

Given the time and distance travelled in this Model, there is the possibility of a
truck making at best a total of almost eight round trips in one Fairview Terminal
operating day of seven and a half hours. If the truck experienced the worst case
expected of an extra ten minutes per round trip the truck could expect to make six
and a half trips per day. This means the driver would possibly lose one trip per day.
The percentage of variability between the possible best and worst trip times is a low
17% variation. This shows that the new proposed route is very predictable and could
provide very efficient results with each trip. You can see the expected truck turn
results graphically for Model |l in Figure 22 — Truck Turns per Day Comparison on
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page 62 and the expected truck turn variability in Figure 23 — Truck Turn Variability
on page 63. The new haul road would allow one truck to move at best a predictable

number of 15 containers per day, or as few as 13 containers per day.

MODEL Il - FLOW CHART
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Figure 12 — Model Il - Flow Chart
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Logistics Costs

The time spent travelling the route is less than the current model which results
in a one way trip cost of $45 including the current fuel surcharges ($40 cost for truck,
chassis and driver plus $5 fuel surcharge). This equates to a total transport cost of
$90 dollars for the round trip ($80 cost for truck, chassis and driver plus $10 fuel

surcharge) also shown graphically in Figure 26 found on page 66.

Logistics System Capacity

The amount of traffic that this model can accommodate is based on the
capacity of Fairview Terminal to handle the traffic. If appropriate changes are made
to the size and layout of the truck gate as part of the Phase I Fairview Container
Terminal Expansion then the terminal should be able to handle the estimated truck
volume. The estimated truck volume after the Phase |l Expansion might be as high
as 37,825 truck trips per year or 21 trucks per hour, calculated by assuming a
prorated truck traffic volume increase of 5.92% (current ratio of truck traffic) and
multiplying by 1.09 million containers (number of containers to get 2.0 million TEU
capacity of Fairview Terminal after Phase |l) that equals the total yearly truck
container volume of 64,606. This number is then divided by the 2009 container to
truck visit ratio (1.708) to get the number of truck trips per year (64,606 / 1.708 =

37,825). The volume of 37,825 truck visits could be on the high end of an estimate.

Phase Il Container-Estimate 1,091,400 §{Phase 1 Truck Container 64,606
20' o 40 Total , Phase IITruck Visits/Year 37,825

Cntrs 714 908,686 1,091,400 =
T 3% 100% Phase |1 Ave Trucks/Day 1455

Ave, Trucks / Hr 208

Figure 13 — Phase Il Estimated Capacity Throughput & Truck Visits
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However, this estimate could be easily reached if the logistics cluster volumes
start to climb. It is expected that Fairview Terminal would have to add one more
Reach Stacker for a total of three, which would give calculated handling capacity of

22 trucks per hour to handle the estimated volume of 20.8.

Capacity/IIr  |Trucks/year |Ccntainers/Year
Gate Capacity - 1 Reach Stacker 5 10,920 21,840 At 100%
Gate Capacity - 2 Reach Stacker 11 25,180 50,960 ;
; Utilization
Gate Capacity - 2 Reach Stacker 27 40,0410 AN,080

Figure 14 — Queue Theory Estimated Gate Handler Truck Visit Capacity

Model lll - New Haul Road to Ridley — Serviced by Double Trailers

This model is based on the new direct access haul road and a container
handling depot built on Ridley Island. The largest difference between Model Il and
Model Il is the type of transportation equipment used. In Model Ill it is assumed that
the new high capacity Longer Combination Vehicle (LCV) container trailer chassis
can haul two containers at a time by using one truck or tractor and a driver. The
distances travelled will be the same as in Model Il, however, the type of equipment
used is conservatively estimated to cause slower transit times and thus lower truck
tums than Model Il. The addition of this new equipment will increase the
transportation system capabilities, efficiency and capacity while reducing the cost

per container transported.
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Infrastructure Needed

This model requires the construction of a new haul road outlined in Model I
already. It is assumed that the new physical road infrastructure will accommodate
the wider lanes, larger turning radius and weight capacity required for the LCV
equipment used in this model. A very conservative approach has been used for this
model as the performance data of the LCV is unknown for this type of application. It

also requires the construction of a container depot terminal on Ridley Island.

The container depot will be designed similar to a container terminal but would
be lacking a deep-sea vessel berth and associated dock gantry cranes for vessel
unloading. The layout of the container storage yard and truck gate would be very
similar to the one at Fairview Terminal. In an ideal scenario the depot would also
have access to the CN Rail mainline through a rail spur so that an intermodal rail

yard could be added either initially or later as volume and service demand increases.

Cost estimates for construction of the depot have been provided by the Prince
Rupert Port Authority as follows: The container depot with truck access only could
cost as little as $15 million (600 meter by 200 meter Land Area — including site
development and servicing, hard surfacing and electrical lighting); If the container
depot has truck and rail intermodal access it could cost as much as $43 million
(1200 meter by 400 meter Land Area — including site development and servicing,
hard surfacing, electrical lighting, rail tracks and switches) (Estimates source: Prince

Rupert Port Authority).
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Equipment Used

The equipment expected to be used in this model is based on the current
highway capable tractors and container trailer chassis used for local transport
combined into an LCV capable of carrying two containers per one-way trip. You can
see an example of these units in the second image in Appendix 5 — Model Ill — LCV
Equipment on page 80. A trailer is assumed to have a single chassis that can haul
one container of twenty, forty or forty-five foot length. An alternative type of LCV
capable of hauling multiple containers that could be used is the off-highway
container terminal tractor trailer units manufactured by Magnum Trailer & Equipment
in Abbotsford, BC, Canada. A picture of them is shown in Appendix 6 — Model Il —
Off-Highway Equipment on page 81. These units can carry from two to five

containers per tractor-trailer combination.

Distances

The total distance travelled in this model on a round trip basis is 14

kilometres, which is exactly the same distance covered in Model Il.

Transit Time

The use of LCV vehicles in this model increases the gross transit time due to
longer loading and unloading time at Fairview Terminal and the container depot and
slightly reduced transit speeds due to longer acceleration times. The estimated total

transit time in a best case scenario is almost 72 minutes for the round trip.
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Speed

Time

Move Type Action Step Distance (km) (km/h) (minutes) Cost
FROM TERMINAL
Fairview Gate to Yard to Gate 0.5 1.7 18
subtotal 0.5 1.7 18|s -
TRANSITTO Fairview Gate to Casey Point 1-2 30 2.4
Casey Point to Rail Overpass 4.6 50 5.5,
Rail Overpass to Container Depot 0.5 30 1

S 45

add 33%
subtotal 6.3| 424 89| s 60
CONTAINER DEPOT UNLOAD Containers 0.25 1.7 9| S 10

LOAD Containers 0.25 1.7 9| s 10
subtotal 0.5 1.7 18| § 20
TRANSIT FROM Container Depot to Rail Overpass 0.5 30 il

Rail Overpass to Casey Point 4.6 50 59

Casey Point to Fairview gate 1.2 30 2.4

$ 45

add 33%
subtotal 6.3] 424 89| s 60
TO TERMINAL Fairview Gate to Container Yard 0.5 1.7 18| S -

S =
subtotal 0.5 37 18| s -
TOTALS 2 containers picked up and 2 droppe 141 118 71.8 $ 140
Containers Moved: 4 |cost per unit s 8 35

Figure 15 — Model lll — Distance Speed Time Cost

The speed travelled along the entire route averages to only 12 kilometres per hour

as the expected LCV vehicle acceleration and braking will require more effort and

take more time. This is again based on the expected maximum travel speed along

the majority of the new road of only 50 kilometres per hour for LCV.

Also, the travel speed from the Rail Overpass to the container depot is

anticipated to be reduced to 40 kilometres per hour to help in the safe manoeuvring

of the LCV. Once the exact specifications and engineering design of the road are

finalized it is probable that the speed limit can be increased to 60 or 65 kilometres
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per hour along the main part of the route and 50 kilometres per hour on Ridley Island

as it is a private road.

MODEL Ill - FLOW CHART
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Figure 16 — Model Il — Flow Chart

For the purposes of this paper we will assume a more conservative lower speed limit

to cover the eventuality that the engineering results are very conservative also.
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The transit time is only expected to be affected by the ability of the terminal to
process the truck in and out in 18 minutes and that the time at the container depot to
unload and reload the truck will also take only 18 minutes. This route may be
affected by a total 5 to 10 minute delay due to loading and unloading delays at either
end of the trip. At the worst case scenario of a 10 minute delay total the result would

be an almost 82 minute round trip transit time.

At Fairview Terminal it is expected that the time to process the LCV truck in,
load two containers and process it out the truck gate will be eighteen minutes. This
accounts for the little extra time needed over the Model | and Model |l scenario to
load the second container to the LCV. The trip from Fairview Terminal gate to the
container depot is expected to take less than 9 minutes as the travel speed will be
reduced from Model Il due to the expected reduction in truck performance and

increased road safety considerations.

At the container depot the unloading and loading time is expected to be a total
of 18 minutes even though there should be no gate processing required. As this
project does not include the addition of a container depot operating model | will use
the known times from experience at Fairview Terminal. Ideally the depot will be
operated as an extension of the Fairview Terminal container terminal and will
become just another part of the operating yard. In this manner the LCV is only
completing a planned internal container terminal trip which can be treated like all
other internal container movements which are planned in advance and do not

require a time consuming in-gate or out-gate process.

53



The transit time back to Fairview Terminal is expected to be the same as the
trip to the container depot and take a total of just over 10 minutes. The time to
process the two containers and unload them into the Fairview Terminal container

inventory will be the same time of 18 minutes (Refer to Figure 16 above).

Truck Turns

The distance travelled is the same as in Model Il, but the trip time is greater in
Model 1ll. This creates the possibility of a LCV making at best a total of slightly over
six round trips in one operating day of 7 hours. If the truck experienced the worst
case expected delay of ten minutes per round trip the truck could only expect to
make five and a half round trips per 7 hour day. It is important to note that by utilizing
the double container combination vehicles the daily total of containers moved by this

one truck would be as high as 25 containers to as low of 22.

Logistics Costs

For Model! IlI the transport costs are expected to be approximately one-third
higher than the Model Il estimates. As such, the estimated cost of a one way trip is
$60 including the current fuel surcharges ($50 cost for truck, chassis and driver plus
$10 fuel surcharge). On a round trip basis this equates to a total transport cost of
$120 for the round trip ($100 cost for truck, chassis and driver plus $20 fuel
surcharge). The one added cost to this model is the handling charges estimated at
the container depot. These charges could be $5 per container and would total $20

as two are unloaded and two are loaded back onto the truck at the depot.
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Speed Time
Move Type Action Step Distance (km) (km/h) (minutes) Cost

FROM TERMINAL

Fairview Gate to Yard to Gate 0.5 1.7 18
subtotal 0.5 1.7 18| s -
TRANSITTO Fairview Gate to Casey Point 1.2 30 2.4

Casey Point to Rail Overpass 4.6 50 5.5

Rail Overpass to Container Depo 0.5 30 1

S 45

add 33%
subtotal 6.3 42.4 89| s 60
CONTAINER DEPOT |[UNLOAD Containers 0.25 1.7 9| s 10

LOAD Containers 0.25 1.7 9| $ 10
subtotal 0.5 1.7 18| s 20
TRANSIT FROM Container Depot to Rail Overpas: 0.5 30 1

Rail Overpass to Casey Point 4.6 50 5.5

Casey Point to Fairview gate 1.2 30 2.4

$ 45

add 33%
subtotal 6.3 42.4 89| s 60
TO TERMINAL Fairview Gate to Container Yard 0.5 1.7 18] $ -

S -
subtotal 0.5 1.7 8|S -
TOTALS 2 containers picked up and 2 dro 14.1 11.8 718 $ 140
Containers Moved: 4 [Cost per unit S 35

Figure 17 — Model lll Estimated Truck Transportation Cost Per Round Trip

The charges at Fairview Terminal are assumed to remain the same as they

are included in the ocean freight rate charged to each customer.

When the logistics costs are spread out over the full carrying capacity of the
LCV of four containers on a round trip basis, the cost per container moved is low.
The total transport cost per container is $35 on a round trip basis ($120 transport +

$20 handling fee = $140 divided by 4 containers moved = $35 per container cost).

Logistics System Capacity
If the logistics cluster traffic grows then the truck visit volumes could climb

quickly. The demand for extra container storage capacity from Fairview Terminal
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would also affect the amount of capacity needed. These demands on the

transportation system could create enough demand for the LCV trucks to be used.

The final design of the haul road should contain a new truck gate design at
Fairview Terminal to allow the handling of new anticipated volumes with LCV trucks

to and from a container depot on Ridley Island.

Models Comparison & Application

Now that all three models, Model I, Model Il and Model lll, have been outlined
a comparison needs to be made. The criteria for comparison will encompass;
infrastructure needed, equipment used, distance, transit time, truck turns per day,

containers per day, transport costs and logistics capacity.

Infrastructure Needed

Model | does not require any new infrastructure in the short to medium term
based on current use and capacity. In the long run there may be the need to
augment the staging or buffering capacity of the system with a series of extra road
lanes built near or adjacent to the terminal to handle increased volume. There are no
options to increase the capacity at the current approach and truck gate area due to
physical constraints. At the current time, there are no detailed contingency plans

agreed to for enhancing the current truck route.

Model Il and Model Il require the construction of the new private haul road
being considered as part of the Phase Il Fairview Container Terminal Expansion. It is

suggested that the new road be designed to account for the possible use of LCV and
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accommodate wider lanes, larger turning radius and weight capacity required for the
LCV equipment. The expected cost of building the new road if part of Phase Il
expansion is $4.5 million and is expected to be $5.0 million if undertaken as a stand-

alone project (source: Port of Prince Rupert 2009).

Model lll also requires the construction of a container depot terminal on
Ridley Island. The container depot is estimated to cost as little as $15 million if it is a
simple truck serviced design on leased PRPA property on Ridley Island and as much
as $43 million if the full rail intermodal yard capacity is included (source: Port of

Prince Rupert 2009).

To summarize the costs of infrastructure for the Models: Model | — no cost
and cannot expand current usage to handle Phase |l volumes; Model Il - $4.5 million
to $5 million for the new haul road; Model Il - $15 million to add simple container
depot and up to $43 million to add a fully intermodal container depot to the new haul

road added in Model Il.

Equipment Used

The equipment used in both Model | and Model Il is based on the current
highway capable tractors and container trailer chassis used for local container
transport. They include one driver, one tractor and a single container trailer chassis
that can haul one marine container. See the equipment pictures on page 79 in
Appendix 4 — Model | & Model 1l Equipment Used. The current expected equipment
cost would be zero for Model | and Model |l as they rely on the use of existing trucks

and containers chassis.
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In Model Il the equipment expected to be used is based on highway capable
tractors and container trailer chassis combined into an LCV capable of carrying two
containers per one-way trip. You can see an example of these units in the second
image in Appendix 5 — Model! il - LCV Equipment on page 80. The strength of this
model as with the previous models, Model | and Model Il, is that there is very little
investment needed in specialized rolling stock to enable the immediate and medium
term utilization of the new haul road. This enables the service providers to invest the
least amount possible to start and provide a quality transportation service. Because
of this use of existing equipment there is a lower barrier to hurdle in making the
decision to build the road. Third party trucking can be used as it currently is; as-

needed by customer demand.

The purchase and use of alternative types of LCV capable of hauling multiple
containers in a specialized, off-highway configuration can be initially deferred and
considered in the longer term when the full extent of customer need is better
determined. These high capacity LCV units could carry from as many as five forty-
five foot containers per tractor trailer LCV combination (refer to Appendix 6 — Model

Il — Off-Highway Equipment on page 81).

Distances

The current route in Model | on a round trip basis is twenty kilometres
whereas the distance of the new road used in Model || and Model lll is seven
kilometres. This is a 65% savings in distance which relates directly to the overall trip
time. This assumes that the truck trip starts and ends at Fairview Terminal. A graphic

comparison chart is shown below.
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DISTANCE COMPARISON
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Figure 18 — Route Distance Comparison

The routing in Model | is broken down into a total of six main milestone time
points on the one-way trip from Fairview Terminal to the warehouse as the route

changes through its 20 kilometre path. Also see Figure 6 on page 37.

Fairview Park Avenue | McBride Ave | Ridley Road | Rail Overpass | Warehouse
Transit TO ¢ }
L& ® Transit Back

Figure 19 — Model | Route Milestone Comparison

In contrast the new road used in Model Il and Model Il only has four main
milestone time points (see Figure 20 below) as the route is simpler, shorter (7.1
kilometre), and more directly linked (Refer to page 46 and page 52 for detailed flow

charts of Model Il and Model Il respectively).
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Fairview Casey Point | Rail Overpass | Warehouse

Transit TO }
4 =$ Transit Back

Figure 20 — Model Il and Model Il Route Milestone Comparison

The distance travelled while at Fairview Terminal and the warehouse is the

same for all models at one half of a kilometre each.

Transit Time

Under the cumrent model, Model |, the variability in the trip time creates
problems with planning daily utilization of the trucks and predictability of the
transportation route and comrespondingly the number of containers hauled in a day.
As can be seen in the chart below the transit time is significantly less in Model Il than
the Model 1 current experience. Of note is the difference between the Model | Worst
and Average times above that shows the vanability in the system of 33 minutes per

round trip.
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TRANSIT TIME COMPARISON
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Figure 21 — Transit Time Comparison

The variability in trip times limits the ability to accurately predict the number of
trips a truck can confidently complete in one day. This causes possible inefficiency
and service issues as either too many or too few trucks are despatched to complete
the required daily container movements. It is also interesting to note that the average
speed in Model | is 26 kilometres per hour, whereas Model |l is only based on 14.5.
When the final road design specifications are completed the conservative speeds for
the new haul road can be updated with the real values that are expected to be
higher. This will improve not only the transit times but also the efficiency and hauling
capacity of each truck and the logistics system. This will positively affect not only
Model Il but also Model Il as they are both expected to benefit from higher travel

speeds. For the purposes of this project a conservatively low speed limit was used.
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In Model | and Model Il it was estimated that the time at the warehouse to
exchange trailers would only be ten minutes to complete and the Fairview Terminal
truck gate processing time of twelve minutes would equally apply. Model Il allows
more time to process the containers at Fairview Terminal and the container depot as

more containers are exchanged (Total of 4 in Model Il versus 2 in Models | and ).

Truck Turns

Model | has the largest percentage and real variability in the number of

possible trips in a day compared to Model || and Model .

TRUCK TURNS PER DAY

* WORST

Model | Model Il Model I

Figure 22 — Truck Turns per Day Comparison

Another way to view the variability is in the difference between the Best and
Worst case scenario for trip times. As we do not have real data for the new models
Model Il and Model lll an estimated delay time of 10 minutes has been added to

each trip to arrive at the Worst from the Best or Average times.
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TRUCK TURN VARIABILITY
Best vs. Worst

Model I Model Il

Figure 23 — Truck Turn Variability

A calculation of the variability in the number of truck turns (Best Case — Worst
Case divided by the Worst Case: i.e. Model | values; 4.9 trips-2.6 trips / 2.6 trips =
92.3%) yields another comparative figure. As shown in Figure 23, Model | has 93%
variability in the number of truck trips per day, while the other two models have a low
variance of 17% and 14% for Model Il and Model Il respectively. Variability directly
relates to the reliability and predictability of the service. The less variability, the more
predictable and reliable the service will be which builds customer confidence in the

transportation system.

One of the most important calculations done in this project is the total number
of containers that a truck in each model can expect to transport in a given Fairview
Terminal truck gate day of seven (7) hours. While the variability in the current model,

Model |, is high it should be noted that most of the time the trucks servicing Fairview
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Terminal can complete four trips per day with some completing as many as five in a
day. Compare the total container count of 5 to 10 per day for a truck in Model | to the
expected 13 to 15 per day with the same truck and the efficiency benefits of the new

haul road are obvious.

CONTAINERS Per TRUCK Per DAY

300 =

Warst Case

* Best Case
25.0

20.0
15.0
10.0

5.0

Model | Model Il Model Il

Figure 24 — Containers per Truck per Day Comparison

The most noticeable count in this graphic is the Model Ill performance of 22 to
25 containers per day with one driver. The multiple for containers moved by each
truck turn per day for the LCV trucks is four times on a round trip basis. This is
further evidence that the new road can easily be leveraged to greater volume and

lower logistics costs with innovative high-capacity equipment.

Logistics Costs

The comparison in rates for each model is inversely related to the efficiency. It

is interesting to note that with the addition of the new road it is possible to greatly
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reduce the transport cost per container and increase the capacity of the

transportation system and increase the capacity of the current truck fleet.

TOTAL TRANSPORT COST COMPARISON

$300
$250
$200

$150

w
S
®
©
o
=
i
T
©
=
]
o

$100

Figure 25 — Total Transport Cost Comparison

The cost for the entire round trip is higher in Model | and is spread over the
trip payload of only two containers, which leads to a $135 transport cost. Note that
Model Il is the least expensive for a total cost per round trip basis and appears to be
the best value and lowest cost. However, when the round trip payload capacity of
Model Il is used of four containers, Model Iil is the lowest cost per container at $35.
This leaves Model Il, the immediately applicable one once the road is built as the
building block for the logistics cluster investment decision. With comparable West

Coast transport rates at $150 it easily beats that at $45 per container. This is a 70%
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cost reduction with Model Il over comparable West Coast ports that makes a huge
competitive advantage. That is the closest apples to apples comparison possible. If

the Model Il scenario was implemented it could create an even larger cost reduction

of 77%.

COST PER UNIT COMPARISON

v
e
m
©
(@]
c
=
T
]
=
(]
(8]

Model | Model || Model 1|

Figure 26 — Cost per Unit Comparison

As a comparison between the three models, Model I creates a 66% cost
reduction over Model | and Model Il creates a 74% cost reduction over Model I.

Even Model lll has an advantage over the fantastic Model |l with a 22% logistics cost

reduction.

Logistics System Capacity
The capacity of Model | is dependent on the amount of traffic that Fairview

Terminal can handle through the truck gate. Fairview Terminal currently handles 19

66



truck trips per seven hour day on average as outlined in Appendix 10 — Fairview
Terminal Gate Usage — Current & Future on page 85 or 4,956 visits per year. The
current route follows the Provincial highway system (Highway 16) that can handle

approximately twice the current truck volume.

The Queue Theory analysis results in Appendix 9 — Fairview Terminal Gate
Capacity — Current & Future on page 84 show that the terminal can easily handle the
current volumes of 4,956 trips and could handle 9,456 trips per year by adding one
piece of handling machinery. This would increase truck gate operational capacity to

fourteen trucks per hour from six.

The calculated capacity of fourteen trucks per hour is the maximum capacity
of the truck gate in the current configuration of Model I. This maximum capacity
guidance is gained from information about the current operational experience from
the Prince Rupert Port Authority in cooperation with the operator of Fairview
Terminal. As shown in Figure 27 below, this would mean that Fairview Terminal
would only need to have 2 Reach Stackers to handle the volume. However, this is
the maximum capacity of the current truck gate and could only be expanded if the

new haul road is built as part of the Phase Il Fairview Terminal Expansion.

Capacity/Hr |Trucks/year |Containers/Year
|Gate Capacity - 1 Reach Stacker 6 10,920 21,840 At 100%
Gate Capacity - 2 Reach Stacker 14 25,480 50,960 N
- Utilization
|Gate Capacity - 3 Reach Stacker 22 40,040 80,080

Figure 27 — Truck Gate Capacity Based on Volume

The new haul road must be built to handle the estimated truck gate volume of

20.8 trucks per hour (37,825 truck trips per year / 52 weeks per year / 5 days per
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week = 145 Trucks per day; 145 Trucks per day / 7 operating hours per day = 20.8
trucks per hour). This is based on the continuance of the same proportional truck
traffic volume, which could actually increase at a faster rate as the logistics cluster
grows and adds new business volume. There would need to be 3 Reach Stackers
deployed to handle this estimated volume, which is not possible with the current

terminal and truck gate infrastructure.

With an estimated queue delay opportunity cost of more than $0.5 million
dollars per year if the gate were to run near operating capacity and the inability of the
current infrastructure to handle the future traffic, the building of the $5 million road
seems logical. The terminal cannot compensate by adding more handling capacity
due to physical constraints and is limited to queue only 5 trucks at a time. Itis also a
concern that the limited capacity truck gate may not be able to efficiently handle the

9,456 truck visits estimated with full capacity volumes.

ESTIMATED FULL FUTURE GATE VOLUMES AND OPERATION

FULL Truck Container Throughput 16,152 |Rat'-o: Truck Containers to Total Volume 5.925|FULL Container Throughput-Estimate 72,850

FULL Truck Visits/Year 5,456 [Ratio: Truck Laden Aver 3ge adpaies s B5% 0 L) Total

FULL Ave Trucks/Day 3.4 With 1 Reach | With 2 Reach JC 46673 11,171 L850

Jve. Trucks / Hr 5. Stacker | Stackers 17% 83% 1005
ve. Cost per Truck/hour § 17802

w 8.6% 1%

BReach Capacty TruckBuffer Ave.Truds/ ServiceTime OveralAve. Ave.Queve Trucksin  Trucksin  Waiting  Truck Delay -.us:f.-r".e|/ Lost Time
Stackers (trucks/hr]  Capacity Hr R, M) Wait(W,) length(L) CQueve/Hr Queve/Day Probabilty  (Mr/Day) Cost/Day ' Cost/Year

1 b 5 52 018 0.45 11 47 3 52.8% ] 82,166, $563,371
L1 e e B | A sl s

Figure 28 — Full Future Truck Gate Volume
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Fuel Usage Savings

The new haul road proposed in Model Il will provide cost savings in fuel
usage over the Model | current route for the trucks. This also provides a
corresponding environmental benefit from lower vehicle engine emissions per

container moved.

Based on mileage data collected from a local trucking company, the average
fuel mileage on the current route is 5 miles per gallon of diesel or 47 litres per 100
kilometres (km). To travel the current route of 40km the average truck would use
18.8 litres of diesel to transport two containers. Using the new haul road of 14km,
and not compensating for elevation differences or fewer stop-and-go instances, the
same truck would use only 6.58 litres of diesel to transport two containers.
Comparing the diesel consumption of the current to the new haul road equals a 65%
reduction in fuel usage to transport the same containers to and from the same origin
and destination. Using less fuel to move each container reduces the amount of
engine emissions per container. The detailed calculation of the engine emission

reduction is out of scope for this project.

Financial Analysis

Also beneficial is taking a financial view of the Lost Time costs for the truckers
in the queue with a Net Present Value (NPV) calculation using 10% interest per year
over a 10 year period. The Lost Time cost of $563,000 would exist for the truckers
when only one Reach Stacker is used to process trucks, which would use 86% of
gate capacity (see Used Gate Capacity in Figure 28 above) but would result in an

82% chance of waiting, and a total of 12.2 hours per day wasted in the queue.
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If two Reach Stackers are deployed to reduce the wait time for the truckers,
as is suggested in the Queue Theory modelling, the terminal operator takes on
added cost for extra handling equipment and related expenses, and the trucker gets
better service. However, the used gate capacity is only 37% (see Used Gate
Capacity in Figure 28 above), which is an inefficient use of resources and the Lost
Time cost is passed to the terminal operator from the trucker. Therefore, a
conservative estimate is to keep the Lost Time cost the same at $563,000 per year

in either scenario.

The Lost Time cost of $563,000 (see Figure 28 above) per year for 10 years
calculates to a NPV of $3.46 million, which is money wasted on inefficiency, with no
chance of a return. Taking the $5 million construction cost of building the road as a
stand-alone project with 10% interest over 10 years gives a NPV of $4.55 million,
which produces a higher efficiency model and an asset that can be used and

leveraged for increased volume over more than 10 years.

PROJECT CONCLUSIONS

Summary
Through the analysis of process flow and queue theory it has been determined
that the haul road should be built. The long term benefits of the road can start to be

reaped as soon as it is built:

% Increased trucking efficiency by 56%
% Reduced travel distance and cost by 65%

< Diversion of truck traffic out of the downtown core
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)
Lod

Creation of a competitive advantage to attract investment

)
Lod

Incremental development model to grow with future volumes
Cost effective increase of Fairview Terminal capacity by the addition of a new

)
%

container depot

o
Lod

Reduced diesel fuel usage by 65%
Reduced environmental waste and emissions from more efficient use of the

o
Lood

current trucking system

The key investment that must be made to support these improvements is the
new haul road that will connect Fairview Terminal and Ridley Island directly,
bypassing the city center and providing an unbeatable competitive advantage. This
is the kind of competitive advantage referred to by Mr. Notteboom and Mr, Rodrigue
(2008) in their concept of the “agile-port” that is a real possibility in the Port of Prince
Rupert. The Port is in a unique situation in that they have a large inventory of green
field industrial land (over 400 hectares®) that can be quickly developed to meet the
needs of the growing container port. The land is located away from the congestion
of the city and population center, but is only readily accessible from the short private

haul road proposed.

The new road will enable the initial incubation and future growth of the
logistics cluster. The transportation models can be changed and blended to increase
capacity incrementally as business demand dictates. Using a phased and
incremental development approach will allow the logistics cluster to start operation at
the lowest initial project cost. The use of existing third party trucking assets allows

for the lowest initial cost of providing service.

® www.rupertport.com/idp.htm
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An immediate added benefit of the haul road would be the exclusion of heavy
container truck traffic from the middle of the City of Prince Rupert. This will not only
improve efficiency but also help maintain the local support for the expansion of
transportation services in the Prince Rupert Port area. Also the reduction in diesel
fuel usage by the trucks will lower costs per container for truckers and shippers,

while benefiting the environment through lower emissions per container.

The Short Term Future

The next logical extension of the service offering through Prince Rupert is the
provision for value-added logistics services. The main user of value added logistics
services are importers of high value products as they have higher sales margins to
justify finishing the consumer preparation or packaging process with North American
labour. They also have to fill inventory shortages in markets on short notice. The
inventory in high value products needs to remain lean to avoid not only high carrying
costs but also guard against product obsolescence. As a result of this pressure and
the success of the new Gateway through Prince Rupert there have been requests to
accommodate the provision of value added logistics services as the next stage in the

evolution of the Port.

In order to meet this demand and ensure the expansion and continuance of
the Port’s success it is vital to establish time and cost efficient transportation
services from Fairview Container Terminal to the proposed logistics cluster on Ridley
Island. The new transportation services must be like Fairview Temminal itself;

efficient, flexible, and cost effective. Meeting these objectives will require very little
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capital investment as this project has shown. As demonstrated in this paper it is
possible to support a full service logistics offering by providing cost and time efficient
transportation that is flexible to expand with the demands of the future. The model
for the short term future, Model Il, has an incremental quality that allows for the cost
efficient expansion of services by first taking the large increase in capacity and

productivity of 56% from deploying the current transport fleet on the new road.

The beauty of using Model Il on the new haul road is that it simply increases
the ability to handle estimated volumes, meet customer demands to grow new traffic
volumes, and adds very little to the overall cost of the Phase Il project which is
estimated to cost $650 million (source: Prince Rupert Port Authority)’. There is not a
need to purchase a specialized fleet of trucks and trailers as the efficiency gained
from the new road more than compensates to reduce costs and cycle time to meet

the transportation demands for the short and even medium term.

The Medium Term Future
The capacity requirements of future demand can be met with the implementation
of the last and most innovative model, Model Ill, with a fleet of LCV units and the

addition of the container depot.

It has been demonstrated in this paper that the new road can be leveraged far
beyond the immediate use and efficiency of Model Il with higher capacity transport

units like the LCV proposed in Model 1ll that haul two containers per one-way trip.

7 Source: Prince Rupert Port Authority - Phase |l Fairview Container Terminal Expansion cost
estimate
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Imagine what the potential capacity of the new road would be with a fleet of LCV

units capable of hauling five containers per trip were utilized.

The additional benefit of this haul road coupled with Model Il transportation
equipment is the expansion of container handling capacity of Fairview Terminal. The
dwell time of containers at Fairview Terminal could be reduced by developing and
using a hinterland container depot on Ridley Island as an extension of the terminal to
hold non-priority cargo, aged cargo and empty containers. Truck gate activity could
also be diverted to the Ridley Island depot for faster turnaround times as the haul
distance and time would be even shorter. LCV units could then shuttle large volumes
of priority traffic between the container depot and the container terminal as needed.
This would allow the container terminal, truckers, and logistics cluster patrons to
operate at higher efficiency by further reducing congestion and increasing

productivity.

The Agile-Port extension

The concept of the “agile-port” as outlined by Mr. Notteboom and Mr. Rodrigue
(2008) fits closely with the ideas and planning that has prevailed in the Port of Prince
Rupert. From the beginning of the conceptualization of the container terminal and
transportation logistics service design there has been an emphasis on the great
value and velocity that cargo needs to have. Once the Phase | facility was built and
commissioned it was time to deliver on the promise. This express movement of
cargo through the Port on its journey through the global supply chain has not failed

to impress even the greatest sceptics. Many people thought that it was too much to
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ask of a small Port with limited population base to support the opening and success
of a new Gateway for Asian imported products that are destined largely for the
American Midwest. What time and experience has shown is that the reliability of the

service has created more interest and increased customer commitment.

The addition of the new road and the use of Model Il will fulfill the concept of the
“agile-port” as this transportation will help speed the movement of the container
cargo from the port to the hinterland area. But this is just the beginning of the “agile-
port” in Prince Rupert. With the evolution of the Port and volume, Model 11l will be
implemented with the LCV fleet and the container depot on Ridley Island. This will
reduce the demands placed on Fairview Terminal to provide truck gate and storage
services to slower moving import and export cargo. The depot will absorb the

demand and take the overflow that is transported on the LCV units.

In the next logical extension of this “agile-port” concept and the inevitable
expansion of the Port of Prince Rupert, a new intermodal rail facility will be added to
the container depot, allowing any imported containers that make their way to the
logistics cluster or the container depot to be delivered to the rail and their final
destination without having to touch the ground at Fairview Terminal again. This will
truly be the full evolution of the new road and its place in the future of the Port of

Prince Rupert will remain as central then as it is to Phase Il expansion.
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APPENDICES

Appendix 1 — Map of Potential Fairview Terminal to Ridley Haul Road

Source: Prince Rupert Port
Authority 2009
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Appendix 2 - Comparison Map — Current & New Haul Road
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Container
Terminal

1
New Road - 6km

.
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Appendix 3 — Marine Container Types

20 foot Long by 8 foot 6 inch High Tank (Liquid Cargo) Container

Source for photos: www.cronos.com
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Appendix 4 — Model | & Model Il Equipment Used

TRACTOR AND CONTAINER CHASSIS (Empty or Bare Chassis)

TRACTOR AND CONTAINER CHASSIS (Loaded with 40’ container)

Source for photos: Nathan Lauer photos 2009
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Appendix 5 — Model ll - LCV Equipment Used

LCV — Triple 28 foot trailer
UPS IH 9400 with a matching set of triples EB on I-80 in Indiana (Collection 2008)

LCV — Double 53 foot trailer
USF Holland IH 9400 with a set of Turnpike Doubles EB on 1-80 (Collection 2008)

Source for photos: www.hankstruckpictures.com (2008)
80



Appendix 6 — Model lll - Off-Highway Equipment
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MULTI TRAILER SYSTEM 2- (Magnum Trailer & Equipment Inc. 2009)
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Appendix 7 — Model | - Map
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Appendix 8 — Model Il & Model lil - Map

Container
Terminal

- ~
e

I

"3

N

(Google - Imagery, DigitalGlobe,
GeoEye, Map Data, Tele Atlas 2009)

BR2000 hbigle - imagery 2009 Dy

b, GeAEve, Map dala GCD09TE Atlas

83



¥8

(z00zZ waybaip) ‘MoWINnenp :pasn 821nog uoie|naje) Aloay] snanp

SANUIN 0'L) ‘aWI| 821Asag yonJ | abesaay
BE | 68 | 96 | BAE | Tk | TC | E) | ¥T0 | SO0 620 %0TE wmo %6y | 6 | ¢ (€810 ¥§
86 | 68 | 96/ | 8L6 | 08 | LT JOC | €90 | YO0 (04| %8T8 | %8CL | %G8 | S [ | [€8L0| ¥
68l b4 g8 68F | L1 | L0 ]SO |60 | 0D (00| %86 | %00 | %% | & | T |€BID| LV
8, | Gv6 | @u6 | 6% | JOZ | B6 |60 | G60 | 010 [0 %Ok | %L0 | %6y | S | | €810 LT
SIQUIBIUOY | SYANI || SIRUIBINOY| SHINIL ) samnuy wws:._s_‘ MM LT feemld | (yooid ¥ | 2
&
.mo,%% %% &
N N
)
& &
& %.

ainin4 9 juaun — fj1oedes) ajen |eurwia] maiAlled — ¢ xipuaddy



5007 6107 BUIP|OH S|EUILLI3) JBYe WO} S3JBLIAST PUB UONEULICJU; AUIN|OA JAUIEILO?) 33ED YoN)L :3N0S
5007 AuouIny o4 Padny a3utid WO SIILWIST PUB UOHELLIGIU| SUINIOA JBURILEY :32N0S

oI, 080°C8 0v0'ct 44 J3Y2e15 Yeay ¢ - Adede) aley
7 ezt jad 9.3\5_ 1.2eAnk3 1004 Auam) =3 P ,M<_ 09605 0st's? T Jayaeis yoeay z - Asede) aeqy
5 ¥3am Jad sheq] 3L 000005 IW8'T2 026°C1 9 13221 \peay [ - fy1sede) azeo)
{ Aep.ac siroy du Ewuo_ Aloede) jeuiw.a] MatMe4 Jeay/sRueiuoy| seaAfsyonsl| .H/Apedes
SNOILJINNSSY ONINNVd

S8

1LE'E9SS 8'991°2% (44 %8'T8 13 4 12 0 £8l0 4 ) 9 !
JE3Af150] Aegiso)  (hegiH)  Awpqecosg  deg/enamy  p/anamp M)yt (Pw) vem (1) (") 41 fpedey  Lyfspniy)  sayaeis
aw 1oy fawiisor Aepganul  Bupem  uSONIL  uispryl 213MDBAY ANV ||RIAAQ AW A /SPIUL Y ayng yoniy  Ajoede)  Yeay g
%1€ %g'98 Ayaede) aje pasn| 080 ¢ iney,§oni sad 1507 ‘any
50T ] kSl { 543%81§ jayes 7’5 MTETEL,
1L g4 TET LIz RIGCh “ ST YIERY 7 YUAL [Y3Ea T LA 9 AB(T/{INIL DAY 17N 4
fey o] i) Hol LT (00T = 7} aziany uape) ¥anuL :ouzd| 95’6 J3ASSUSINYINIL T
0se'7iz SELNYS 3-10yEnCay | JaUIR}uD) TINAPE s #Ln|34 e10] 01 5J3URIU0D XInJ] “MIEH] ZST'9T pndySnoay ] sau epseyyani) 104
NOILYY3dO GNV SIWNTOA 31VD 3¥NLN4 11Nd AILYWILS]
= e
L7598 04928 0ST %LBY 6l (4 o 910 £81°0 A4 ) 9 1
183150 fegjsoy  (Aeg/m)  Awgecosd  Aegfaramy  un/ anamp () wduar  (w) wem (1 (*y) JH Awedey  [y/spnn)  sayels
3wy 1507 awil 1507 Aepg )l Bunem LN ursyInIL  aNaND '3y DAY [[BJSAQ Bl INAIRS /PN BAY ayng yonul  Ajoede)  ydeay 4
%S'6T %St Ayaede) ajeg pasn| W ¢ 1n0y,/43Ni1. 13d 150) "aNY
%0T %8 %4l QleHy SIS 13yels L IH [/ Syrag any
000'ebT CI0'6T1 67 SIBL BIUODEYIEIY T YUM |32k [ LM 14 Keg/97.1 3y 5007
lei0l o 0t %58 LT 95001 = 2} adeiany UIDEY ¥ONJL ‘0n2y| 956'F JEIASSUSIA YN L 500
000°€bT e:3y-Indudno.y L J3Jieuo) §00Zf%25'S WIN|OA (€301 O} SI3UIEIUD) ¥21.1 :0ney] Sov's ANC4BNIYL JAUIBILO) YINIL 6OCT
NOILYH3d0 GNY SINNTOA 31VD TVNLY

ainin4 g jJuauny — abesn ajeo jeujwiia] malalied — 0 xipuaddy



98

0 £00 10:0 1090 10:0 L¥000 62000 WH:000 100 10:0 £5:00:0 Y00 NOLLVIAIG QUVONVIS
m w0 00 600 900 109 Wwe wo 00 900 wo oD J00M
fezt 00 00 800 00 100 100 00 60:0 0:0 209 600 INEL IOVHIAY
ST0 0 £10 900 00 £00 10:0 630 &0 00 {15 XV
o e e e e -
m £ m i) AW"M ] Fn Taﬂ 669 INL TVIO0L
QT [65ET 600 [oSET  [E0% [ever Tiver  [900 [sew PEE N T o s e i s i - i T 6618/19s8j0r
T |yST1 W00 (05Tt [560 [vveT [0 |9t (SO0 [ted OO forr 00 Jeozr  [800 [cSTT TR {ovTT [0 [1vTT ov1l  [800 [t Jeorone 9618/1958]6¢
&7 fsert  [iso T SETT 9zl 1800 0 {0z o0 ot foo feort (200 lesor (800 frsor [oom fosor  fsoo0 fsvor  Jeorone 6a18/6]ec
B reT 900 [T 800 [Tt PEIT (900 20T P00 J0501  [WH0 [ov0T |00 [6E0T (80 [rE0T |00 [ze01 60 [62:00  Je0AONE T618/19s8)c€
N T : ST01 (900 200 [oror 100 Jtoor |80 lss6 |80 [/t tv6  [500 [ove 600 66 JeonoN€ 8718/56|9¢
CEIEI S R ES NS 6001 (00 lsor (B0 [ro0r 100 [z56  [w¢0 [sve (600 fore [0 o T““ ve6 W30 J0E:6  JeoroNE 0618/1958]s¢
S0 lecs 60 Joce [0 for ste 600 frve  [5o@ (1 100 [658 [0 [ss8 600 lovs  [w00 w8 org  [LO0 [es  J60rONE 9818/66]vE
@7 eS0T {260 [0 (W60 les €ror_ |660 fseor 100 ccor 600 [6ve (600 Trve 000 foce (800 Jres (700 [ozs lev0 lous  fervoz vore/1asefce
SIT lovsT  [TRO (oSt |09 ot 6051|900 lso:st 0'sT 160 [vSv1 |0 [sbwT 809 [Tey1 T!P@w: 200 [vev1 (600 szt Jeo-no-61 8908/1958] ¢
LT (et {200 jer'ST  [§ORD. |12 8051 [€60 fsorst % 05T 300 [1oer (960 Jover  Jowo [oeer  [800 [revr [0 [ezer  fore fster  |eovoer 1908/96|1¢
ser iz1r 00 [uurt |60 fou E0TY_ (600 lss‘n 4507 100 [oroT  [#F0 [czor 600 [evoT  [500 001 We %6 [60006l vs08/19s8joe
T Joss O [v56 [N sy 666 [¥00 |SE6 PES 100 916 00 116 6800 [70'6 ) 458 S8 00 {svs  [s0-p0-61 05087195867
wr fssT1 (w0 [vsr [80%0 (s orzl 900 (T 04 ecer 160 [evir (a0 fevir  fov feett [0 fszt sz lopo ot leevost 8008/19%8 8z
T (9171 00 [eLTT (8090 407 6501 (SO0 [vS:00 s 100 |cvor  [S00 [zzor |80 [eroT (09 [s001 (0601|780 556 J6090ST 008719882
T [ss6 |20 [es6 [0 fee ovi6 800 [sc6  [100 |ric ‘ 100 [s0'6 W00 o5 |00 [vor 600 [svs (200 [eve Jow0 [ees 60-PO-ST s008/19s8]9z
§er [es6 (60 fosi6 [S0R0 fowe 966 900 log6 w09 o i 390 [606 00 [ro6 600 [s58  [90%0 [evs 200 [cv®  (ZE0 [se8 60-POT 1008/1958|52
i [y (600 e _'msw : 6021|800 [z 100 [ecer ; 100 [os1r [0 JesTr 860 [vvnt oe1T {00 [eert  fovo jirm feowot usthosslvz
067 lvzTr [0 JortT (5080 [STTT |60 J9oTT (900 footr (80 [scor [ 100 [stor  [wRo [vior (o0 fcoor (8060 [toor (200 [656 1600 fwss  Kowot ugehassler
SPT (bS5 |60 (156  [20% (vv'6  JOTO [ve'e (900 [sze [vOD (.76 1 500 Jovs (060 [ocs  Jov0 (978 [0 Jozs (200 [srs  [600 |e0®  Je0-pOl [TE (44
srr [sust Wﬂla.uﬁ 500 [5051 [0 oo'ST {90 [rSivt €58t 1 100 [ovr  [#00 {9zt (vt [0 [rvwr o0 [eovt  fowo feser  feodesez | csaehgssfrz
T [65€1 |60 |o5er  |B0°D Jevel  |£OU |vil 860 e 9rEr |90 jozer (100 [Tt xT!o vIET  JOB0 [v0€T 6571 [o00 [csov [6v0 fsemm  Jeo-desez vs8L1958|0z
g [evzn w00 (v ST |00 97T (900 Joz:m 10D |err (880 vzt (300 [szTr (800 fsvTr (600 [esor  [600 Jesor (200 Josor |60 fsvior  Jeo-des6z | osau/msoss|et
Wi lseTt  (WED |vemt  (90W l6cer B [etar (SO0 v (300 [erer (96 [ieor  [300 [ocor |90 focor  [zw0 [svor (80 foror  (ow [ecor  [zp0 (e leo-desez sy /9s8lat
@7 |sv01 |00 [ovOT_ |WFD [9e01 600 |/z01 (900 Jezior L0 [czor [ (126 160 (076 00 1vis €00 [106 [0 [es8 (500 [eve (800 |ovie  Jeo-des6z | svBu/mo0smit
27 |rss T&h.aa RED 0E6 w0 526 100 [<cv 800 [ore 100 [ste [0 [s0s €00 [ss8 900 [ive 0O Jevz [I00 [z Jeodeser syBLN19s8}91
&7 lersT 1960 (st [a00 forst 00 leosT (€00 Jrocst  [300 Joosr  [SE0 fster (W00 [rovl [0 feTyT  [8OD [1Te1 10D {001 vovT  [800 [95:er  Jeodessz vesLNasslsT
¥eT losel S0 1S svel 900 [ecer  [EB0 [oeca seer w0 [voer (100 feoer @60 [esTr |80 Josur (80RO fevt ozt 960 [ eodessz ¢e8L/9s8lst
90 76T 900 |sTr (W0 szt (900 [svar (600 v (100 [riar (B0 levar  [ROO [cvel (9090 (9077 (600 |(S1T (4D losTT (€0 (w1l (300 |1 feodasse [T (af
20T (9vT1 [0 fovT (66 [vetr  [eoo [czvr [e00 fezm ie0 Joor (e PrTr (360 Jentt |90 fsoTr 960 Jootr Ts o501 [600 [esor (660 [wior  Je0-dessr et fiasser
6 [ovor  |sB0 [ec0r [0 [veorT (800 [ozor (w00 frzo  [iow [rzor [5EQ fovs (000 [swe |90 fove  [60W [Te6 |90 [sz6 (600 [tz |eo0 [sti6  Jeodassz  |ezeu/mooss|tr
9T |ETeT (260 [TUsT (900 [s0T RGET  [WOO fvser (WO [ocer (W0 [ezer (06 [srer |90 [rzier |00 ster |80 [over  [200 |soer (120 [wm  Jeodasir 20L/96]01
BT [sTer  [EFO |STOT |90 |60T ooy (900 fbsiT 1000 [eser (20 [ezEr 000 [czer  |@00 [tzer X0 jouer 90T (200 [voer 620 [ feodasin waLhsuls
T |71 (200 [T (860 f6c $00 621 (100 [srer [0S0 [eTT  [BGRO [9ETT MO0 [TeTT {40 [STTU  [SKKO jorr §ET1 [SE0 oot feodes Tt v65L/9%|8
A T 0 EE e E00 6511 T& 97 [9%0 Joe1t (100 [60TT 100 ISzT1 |60 [ovTT (800 [TTTT (200 [60TT (WD Issior  Jeo-desir wsehsuf
g7 [fo1r g0 [ooTr (960 6v0T  [We0 [svior rpi0  [RE0 Jevor 360 [zvor  jee@ fsoor (60 [656 [0 fvs6 [0 [ise L0 [se6  feo-desTr 685L/%6|9
ST o501 660 [0 [850 6601 W-r-aé eeor  [OEB Joor RGO fovor [0 ftror (600 [zo01 156 200 [ss6 |60 Joes feo-das Tl oesL/1sufs
(0T Jp0T1 B0 10T [0 sror  [900 [t 10 [0 6101 [B60 [8T0T 101 008 656 (56 oW (e |so-dasor 954 /13958]v
i |vre 900 [ors (S0 9%k SO0 [tze  [800 Jors 850 206 100 106 a0 fos8 600 [0 g [200 [eeg  [o¥0 {ezs  [odsor s /19s8]e
orr Jvsor |00 01 [0 sE0T |60 feemr  [1090 [zeor Lm.ns s101 vioT (906 160001 |90 [roi0n T& ss6 200 [es6 600 [wis  Jeo-dass wvst/essfe
2% jove (400 (66 |90 ve6 |90 [evi6  J000 [srs  [orD [0 [860 {906 _36 106 (800 [ess  [S0°0 isve (10D liv's  jeo0 [ses eodes owsehassft
ST 3 z 152 (3 &3 55 ¢ d (3 [
| aeol nw| o] ww| spugow| wiw]  peou| wiwjsseduasg| miW[ syl Niw|  esnoyl nwy|  ssed| ww{  peoy| Niw| epugow| niw| eaved| wiw| ruwwer] N uefani e 2iva #onu) 7
WI01| BYen 0) Yied o) o peoy hoipiy Jley 03 M 103wy - 01 ssed -3 |12 Aappry 03 L] LEL urauiy] o1 dnaup 2 anonif ¢
any yieg apugIN Aaipry o1 ssed asnoy-m -R2AQ |12y 01 peoy PUPW oy g ayeN -
-49AQ |iey Asjpn

ejeq mey dua) yoni) painyde) — || xipuaddy



BIBLIOGRAPHY

California Department of Transportation. Longer Combination Vehicles Operational Test.
Field Study, Los Angeles: California Department of Transportation, 1984.

Collection, Greg Elgart. www.hankstruckpictures.com. 09 27, 2008. (accessed 11 15, 2009).

Duinkerken, Mark B, Rommert Dekker, Stef TGL Kurstjens, Jaap A Ottjes, and Nico P
Dellaert. "Comparing Transportation Systems for Interterminal Transport at the Maasvlatke
Container Terminals." OR Spectrum (Springer Verlag), June 2006: 469-493.

Google - Imagery, DigitalGlobe, GeoEye, Map Data, Tele Atlas. Google Maps, Satellite, Roads
- Prince Rupert. 2009. http://maps.google.ca/maps?hl=en&tab=wl (accessed 06 15, 2009).

Kilcarr, Sean. Fight Over LCV Study. May 15, 2008. www.fleatowner.com (accessed June 15,
2009). '

Magala, Mateus, and Adrian Sammons. "A New Approach to Port Choice Modelling."
Maritime Economics & Logistics (www.palgrave-journals.com/mel), 2008: 9-34,

Magnum Trailer & Equipment Inc. Highway Trailers. 2009.
http://www.magnumtrailer.com/highway.htm (accessed 06 15, 2009).

Maltz, Arnold, and Thomas W Speh. "Import Driven Warehousing in North America."
ProLogis Supply Chain Review (www.ProLogisResearch.com), no. Spring 2007 (Spring 2007):
2-12.

Mele, Jim. Private Fleets like larger trucks. May 14, 2009. www.fleetowner.com (accessed
June 15, 2009).

Mieghem, Jan A Van. "QueuMMcK - Queue Thoery Calculator." Stanford University, Dec 02,
2002.

Notteboom, Theo, and Jean-Paul Rodrigue. "Containerization, Box Logistics and Global
Supply Chains: The Integration of ports and liner shipping networks." Maritime Economics &
Logistics (www.palgrave-journals.com/mel), 2008: 152-174.

Panayides, Photis M. "Maritime Logistics and Global Supply Chains: Towards a research
agenda." Maritime Economics & Logistics (wWww.palgrave-journals.com/mel), 2006: 3-18.

Prince Rupert Port Authority. About Us and History. 06 01, 2009. (accessed 06 10, 2009).

87



Robinson, Ross. "Port Oriented Landside Logistics in Australian Ports: A strategic
framework." Maritime Economics & Logistics (www.palgrave-journals.com/mel), 2006: 40-
59.

SCL, Supply Chain & Logistics, and Canadian Manufacturers & Exporters CME. State of
Logistics: The Canadian Report 2008. Yearly industry review, Ottawa: Industry Canada, 2008.

Stahlbock, Robert, and Stefan Vos. "Operations research at container terminals: a literature
update.” OR Spectrum (Springer-Verlag), October 2007: 1-52.

Van Der Horst, Martijn R, and Peter W De Langen. "Coordination in Hinterland Transport
Chains: A major challenge for the Seaport Community." Maritime Economics & Logistics
(www.palgrave-journals.com/mel), 2008: 108-129.

Vis, Iris FA, and Ismael Harika. "Comparison of vehicle types at an automated container
terminal." OR Spectrum, 2004: 117-143.

WORKS CONSULTED
Bassan, Shy. “Evaluating seaport operation and capacity analysis—preliminary

methodology.” Maritime Policy & Management; Feb2007, Vol. 34 Issue 1, p3-19

Baykaso, Adil; Kaplano, Vahit. “A service-costing framework for logistics companies
and a case study.” Management Research News Vol. 30 No. 9, 2007, pp. 621-633,
Emerald Group Publishing Limited, 0140-9174, DOI 10.1108/01409170710779944,

www.emeraldinsight.com/0140-9174.htm

Blanchard, Cherie; Comm, Clare L.; Mathaisel, Dennis F.X. “Adding value to service
providers: benchmarking Wal-Mart.” Benchmarking: An International Joumal, Vol.
15 No. 2, 2008, pp. 166-177, q Emerald Group Publishing Limited 1463-5771, DOI

10.1108/14635770810864875, www.emeraldinsight.com/0960-0035.htm

88



Carter, Joseph R; Ferrin, Bruce G. “Transportation costs and inventory
management: Why transportation costs matter.” Production and Inventory

Management Journal; Third Quarter 1996; 37, 3; ABI/INFORM Global, pg. 58

Chang, Ya-Fu. “Analysis of Operations at the Kaohsiung Port New Mega Container
Terminal.” The Business Review, Cambridge; Dec 2005; 4, 2; AB/INFORM Global

pg. 123

Everaert, Patricia; Bruggeman, Werner; Sarens, Gerrit; Anderson, Steven R.;
Levant, Yves. “Cost modeling in logistics using time-driven ABC: Experiences from a
wholesaler.” International Journal of Physical Distribution & Logistics Management,
Vol. 38 No. 3, 2008, pp. 172-191, g Emerald Group Publishing Limited 0960-0035

DOI 10.1108/09600030810866977, www.emeraldinsight.com/0960-0035.htm

Froyland, Gary; Koch, Thorsten; Megow, Nicole; Duane, Emily; Wren, Howard.
“Optimizing the landside operation of a container terminal.” OR Spectrum (2008)
30:53-75, DOI 10.1007/s00291-007-0082-7, Published online: 4 August 2007, ©

Springer-Verlag 2007

Gonzalez, Adrian. “An Unsustainable Model: Why Shippers and Carriers Must
Innovate to Succeed.” ARC Advisory Group, September 2008

http://www.leanlogistics.com/getattachment/4eac195f-754d-48ad-a922-
9f4a04256bfa/An-Unsustainable-Model--Why-Shippers-and-Carriers-.aspx

Grunow, Martin; Gunther, Hans-Otto; Lehmann, Matthias. “Dispatching multi-load
AGVs in highly automated seaport container terminals.” OR Spectrum (2004) 26:
211-235, DOI: 10.1007/s00291-003-0147-1, Springer-Verlag 2004

89



Gunther, Hans-Otto; Kim, Kap-Hwan. “Container terminals and terminal operations.”
OR Spectrum 28:437—445 (2006), DOl 10.1007/s00291-006-0059-y, Published

online: 13 July 2006, © Springer-Verlag 2006S

Hartmann, Sénke. “A general framework for scheduling equipment and manpower at
container terminals.” OR Spectrum; Feb 2004, 26, 1, ABI/INFORM Global, pg. 51,

Springer-Verlag 2004

Huang, X. Y; Yan, N. N.; Qiu, R. Z. “Dynamic models of closed-loop supply chain
and robust H control strategies.” (2009), International Joumnal of Production
Research,47:9,2279 — 2300, To link to this Article: DOI:

10.1080/00207540701636355, URL :http://dx.doi.org/10.1080/002075407016 36355

Kannan, G; Noorul Haq, A; Devika, M. “Analysis of closed loop supply chain using
genetic algorithm and particle swarm optimization.” (2009), Intemational Journal of
Production Research,47:5,1175 — 1200, To link to this Article: DOI:

10.1080/00207540701543585, URL.: http://dx.doi.org/10.1080/0020754070154 3585

Kelleher, G; EI-Rhalibi, A; Arshad, F. “Scheduling for intermodal transport.” Logistics

Information Management; 2003; 16, 5; ABI/INFORM Global, pg. 363

Koo, Pyung Hoi; Lee, Woon Seek; Jang, Dong Won. “Fleet sizing and vehicle routing
for container transportation in a static environment.” OR Spectrum (2004) 26: 193—

209, DOI: 10.1007/s00291-003-0152-4, Springer-Verlag 2004

90



Kozan, Erhan; Preston, Peter. “Mathematical modeliing of container transfers and
storage locations at seaport terminals.” OR Spectrum 28:519-537 (2006), DOI

10.1007/s00291-006-0048-1, Published oniine: 5 May 2006, © Springer-Verlag 2006

Laik, Nang; Hadjiconstantnou, Eleni. “Container Assignment and Yard Crane
Deployment in a Container Terminal: A Case Study, Maritime Economics &
Logistics.” 2008, 10, (90-107), r 2008 Palgrave Macmillan Ltd All rights reserved.

1479-2931/08, www.palgrave-journals.com/mel

Lee, Loo Hay; Chew, Ek Peng; Tan, Kok Choon; Han, Yongbin. “An optimization
model for storage yard management in transshipment hubs.” OR Spectrum 28:539-
561 (2006), DO! 10.1007/s00291-006-0045-4, Published online: 28 April 2006, ©

Springer-Verlag 2006

McCalla, Robert J; Slack, Brnan; Comtois, Claude. “Dealing with globalisation at the
regional and local level: the case of contemporary containerization.” Canadian

Geographer; Winter 2004; 48, 4; CBCA Reference pg. 473

Mason, Robert; Lalwani, Chandra. “Mass Customized Distribution.” Intermnational
Joumal of Production Economics, 114 (2008) 71-83, www.sciencedirect.com,

www.elsevier.com/locate/ijpe

Otties, Jaap A.; Veeke, Hans P. M.; Duinkerken, Mark B.; Rijsenbrij, Joan C.;
Lodewijks, Gabriel. “Simulation of a multiterminal system for container handling.” OR
Spectrum 28:447-468 (2006) DOI 10.1007/s00291-006-0039-2, 4 May 2006,

Copyright Springer Verlag 2006

91



Purolator USA Inc. “Imports Supply Chain Logistics: A comprehensive logistics plan
for US businesses looking for value in the Canadian marketplace.” A white paper

from Purolator USA Inc., 2009 Purolator USA Inc

http://info.purolatorusa.com/forms/WhitePaperForm-EM-USIWT-09-USInboundSrvs

Ryder System Inc. “Managing Transportation Costs.” Ryder System Inc 2008 White

Paper, http:/files.bnpmedia.com/WT/Home/Files/PDFs/Ryder_Transportation WP
May09.pdf

Sadlovska, Viktoriya; Viswanathan, Nari. “Integrated Demand-Supply Networks: Five
Steps to Gaining Visibility and Control.” Aberdeen Group, March 2009,

www.aberdeen.com

Tahar, Razman Mat; Hussain, Khalid. “Simulation and analysis for the Kelang
Container Terminal operations.” Logistics Information Management, Bradford: 2000.

Vol. 13, Iss. 1; pg. 14

Vis, Iris F A; de Koster, René B M; Savelsbergh, Martin W P. “Minimum Vehicle
Fleet Size Under Time-Window Constraints at a Container Terminal.” Transportation

Science; May 2005; 39, 2; AB/INFORM Global, pg. 249

Wadhwa, Subhash; Ducq,Yves; Saxena, Avneet; Prakash, Anuj. “Supply Chain as a
Flexible System: A KM Focused Competence.” Global Journal of Flexible Systems

Management, 2008, Vol. 9, Nos. 2 & 3, pp 15-30

92



