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EXECUTIVE SUMMARY

During its 83 years of operation, the Panama Canal has provided safe, efficient
and reliable transit of ships across the Isthmus of Panama. The size of its locks have
served well in passing ships that need to use the Canal; however, these lock sizes are
now a restriction as shipping technology changes and new transportation systems
threaten the Canal’s future viability. Modernization and improvements to the Canal
need to be completed and the development of other cargo transportation systems
planned to assure that Panama can continue to serve the World shipping industry
efficiently in the 21st century.

In May of 1997, a specialized study team of experts in international water
transportation and marketing, intermodal rail and highway transportation, other
transportation systems, container port systems, traffic projections, economic analysis,
and locks design and construction was established to evaluate, in concept, Canal
alternatives for shipping ocean-going cargo across the isthmus of Panama. The study
team leader was Mr. John C. Gribar, from the USACE, who assembled a team of
representatives from private engineering practice, the academic arena, USACE, other
US Government agencies, PCC staff and the Blue Ribbon Engineering Committee.
The team evaluated, in concept, the transportation of cargo across the Isthmus of
Panama by water, land (rail, highway, pipeline, conveyors) and air.

An analysis of Panama Canal Commission (PCC) capacity studies, historical
and current operating statistics, and PCC provided updated traffic forecasts shows that
Canal capacity will be exceeded in 10-12 years. Currently planned and on-going
Canal improvements will provide only limited and temporary relief. The use of the

~ Differential Global Positioning System for ship movement in poor visibility conditions

can provide some additional ship capacity, but this also will be for the short term.
Newly completed trade and traffic forecasts project that the number of Canal transits
and ships with beams of 100 ft or more will continue to grow. The number of
transits will reach a point where Canal Waters Time is unacceptable to Canal users by
2010 and will require that an additional two traffic lanes be built to provide transit
service through the year 2040 and allow major overhaul of the existing locks.
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Canal use for the trades in dry and liquid bulk is growing, and the potential for
significant increases in containerized volumes is evident. The alternative of a
landbridge, rail and highway, for shipment of cargo across the Isthmus presents some
promise in providing service to container liner operators. However, very limited
trade flows and commodity types could be reasonably accommodated by these
supplemental systems. It would be prudent to allow the Government of Panama to
undertake this complementary Canal system development. The development of a
corridor with double track rail service and highway connections is modest in cost and
will also benefit the Panamanian economy.

The ports on both sides of the Isthmus are currently being developed as
transshipment hubs without any high-volume provisions for transisthmian shipment.
Development is for container operations only, and existing land use and expansion
possibilities are severely restricted. If full development of these terminals occurs at
these sites, it will have a negligible effect on Canal operations well into the future.

The existing pipeline in Chiriqui offers the greatest potential to affect Canal
operations as it did in the 1680’s. However, projections for oil usage and trade flow
in this commodity do not indicate that this will occur.

Major shipping routes have advanced to using post-Panamax ships especially
for container transport. Post-Panamax and beyond-post-Panamax ships continue to
show an increase in the number of new ships being built and have the potential for
significant use of the Canal. A deepening of the Canal to a minimum of 50 ft would
provide service for these large ships if compatible size locks are constructed. This is
a dramatic departure from the Canal Alternatives Study, in which deepening of the
Canal to 69 ft and 79 ft was indicated. With the implementation of the Enhanced
Vessel traffic Management System, passing lanes could be utilized for post-Panamax
ships in the Cut until sufficient ship traffic is developed to warrant full Cut-widening.
New lock sizes should be 150 to 160 ft wide, 1200 ft long, and have a depth over the
sills of 60 ft. This will provide flexibility for expansion well into the future.

Analyses of a sea-level canal or lock-type canal at another location shows that
these alternatives are not feasible solutions for providing additional capacity. These
alternatives are very costly and have major problems such as adverse environmental
impacts to overcome. The economic benefits have not been shown to exist in
previous studies. Supporting infrastructure and ports would also have to be
developed. Expansion of the existing Canal is the logical alternative. This would be
the overall cheapest alternative with minimal environmental impacts. Any new site
selected should evaluate long-range considerations and have flexibility and provisions
for continuing future expansion beyond 2040.

The major problem for Canal expansion is the availability of water to transit
the projected number of ships in this water-based system. Triple lift locks use the
least amount of water per lockage and are the logical choice to extend water use but
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are the most expensive to build. In consideration .of the criticality of available water,
triple lift locks appear to be the choice for construction. Double lift locks may be the
most suitable for Canal use considering cost, having available water and lockage time.
The additional water requirements for Canal expansion need to be defined and sources
developed for the long term. This is the most critical item, and its in-depth analyses
will conclude the need for lifting some ships by artificial means that use little or no
water. Innovative and non-traditional design and construction methods for new locks
can decrease new lock costs by 15-25% over traditional methods.

Vertical lifts that do not use water are available for handling the ships, but the
level of technology today appears to be suited for only smaller ships. Providing a lift
to possibly accommodate ships with beams of 80 ft or less and lengths of less than
600 ft account for 50-60% of the ship transits based on PCC records dating back to
1980. This would be a significant savings in water usage. Providing a new lock for
post-Panamax ships. a non-lock lift for smaller ships, and rehabilitation of the existing
locks would provide Canal flexibility now and into the future.

The following items are recommended for continuing and follow-up action:

1. In consideration of the updated transit forecasts and traffic implications,
determine the maximum water availability at an 80-90% reliability level, and relate it
to the number of sustainable traffic lanes these levels will support. Additional
reservoirs need to be identified.

2. Canvas Canal users as to their projected plans for use by ship size and
transit numbers into the furure.

3. Develop a master plan for Canal expansion that will address present needs
and serve into the future beyond 2040.

4. Determine lock sizes and type of lift to be used based on the anticipated
ship size distribution.

5. Develop site-specific costing for the reasonable lock locations for Canal
expansion. Consider consolidation of operations and flexibility for future
development at the sites.

6. Perform an in-depth analysis, and develop cost and use data for non-water
dependent ship lift (bath tb) systems that will raise and lower the smaller ships.
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I. INTRODUCTION

A. Background

The Panama Canal has been operated and maintained since August 15,
1914, placing it in its 83rd year of providing service to the world. At the time it was
constructed, 95% of the ships that could transit the Canal were less than 600 ft long? the
largest, the IMPERATOR, was 919 tt long. “As time has passed, Canal transits steadily
increased both in the number of ships that transited the Canal and the size of the ships.
Today, the Panama Canal lock sizes, 110 ft wide by 1000 ft long, can pass 93% of the
world’s ocean-going ships. Ships larger than the locks have been designed for specialized
services and are used on trade routes not involving the Panama Canal. In essence, the
Canal can pass all of the ships that need to use the Canal. The Canal currently operates
at or near capacity and passed its 800,000th ship in June 1996, with 15,187 ships
transiting in fiscal year (FY) 1996. The Canal average daily capacity is currently 37-38
transits per day at a CWT of 24 hours, which is often exceeded in the number of ships
desiring to use the Canal and causes delays to the shipping industry. Over one-third of
the shipping business consists of large vessels (Panamax) that are restricted to one-way
daylight transit through the narrow eight-mile long Gaillard-Cut. A program to widen
the Cut was started in 1992 and when completed in 2002, will allow the Panamax vessels
unrestricted two-way transit throughout the waterway. This effort, along with other
ongoing improvements and modernization, will increase Canal capacity to about 43 ships
per day which will still be exceeded by demand on many days. When the average
demand approaches the average capacity, delays increase dramatically and reliability
suffers.

This triumph of man over disease and engineering problems stands proudly
as one of the world’s greatest engineering feats and continues to serve the world’s
shipping industry. However, the Canal has undergone only modest physical change
during its history, and the lock size limitations have determined, to a large extent, the
composition of the world’s ocean-going fleets and development of shipping ethnology.
Technology changes to ship design and transportation systems are now driving the
development of shipping alternatives that threaten the Canal’s future viability. After more
than 80 years of operation, Canal capacity is and will be exceeded after ongoing
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improvements are completed. The improvements underway will only provide a 20%
increase in capacity. Expansion of the current Canal and perhaps the construction of
other cargo transportation systems across the Isthmus of Panama need to be planned to
ensure Panama continues to serve world shipping efficiently in the 21st century. The
Canal’s future depends on the continued growth and development of the world’s
economy. As the economy grows, so will the volume of traffic using the Canal.

An independent Tri-National Study, the Canal Alternatives Study (CAS),
was undertaken several years ago and completed in 1993 to explore the feasibility of
constructing a sea-level canal or a larger set of locks, locks that would be wider, longer,
and deeper. Larger locks would allow the world’s shipping industry to explore options
that would provide better economies in shipping cargo and allow the Panama Canal
Commission (PCC) to provide better service to its customers. These studies estimated the
high-rise locks alternative to cost approximately $6.86 billion in 1990 dollars. It is
unlikely that an investment of this magnitude would be cost effective.

B. Purpose

The purpose of this study was to identify, at a concept level, potential
methodologies and alternatives for shipping cargo across the Isthmus of Panama that
achieve the same objectives but are in addition to the Canal system while minimizing
investment costs. The modes of cargo transportation across Panama were not restricted.
Alternatives included innovative and non-traditional lock design and construction
techniques, lock sitings, and combinations that could provide substantial cost reductions
from previous lock concepts. Alternatives for a land bridge either in place of
transportation across the Canal or supplemental to the Canal were also considered. The
alternatives are presented to provide at least the same level of service to the Panama
Canal’s customers for 50 years into the future.

C. Scope

This study addresses and analyzes, in concept, the transportation of cargo
across the Isthmus of Panama by water, land (highway, railway. pipe. conveyor) and air.
It identifies potentially economical new lock designs and alternative transportation
concepts, or a combination thereof, that could be used for 50 years into the future.
Potential techniques, methodologies, and alternatives are presented that could be used for
development of cost savings initiatives. The presented concepts are considered realistic
and visionary and are futuristic concepts to achieve cargo transportation. The concepts
are presented in schematic, diagrammatic, photographic, and written form. Each
alternative is accompanied by an evaluation or rationale for development or consideration.
Updated traffic projections as separately prepared and provided by the PCC were used In
development of the alternative concepts. Selection of one alternative over another or
combination usage are indicated for the particular commodity group and traffic

projections.
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D. Methodology

A broad-based multi-specialized team with representation from the U.S.
Army Corps of Engineers (USACE), other U.S. Government Agencies, private
engineering practice, academic arena, PCC, and the Blue Ribbon Engineering Committee
(BREC) performed the study. The study team has expertise in innovative and non-
traditional lock design and construction, transportation systems, container ports, rail
systems, the Canal system, transportation routes, traffic projections, and economic
analyses.

The study team gained a general orientation of the Canal from PCC
provided information packets. Copies of the treaty map were distributed to the team
members and provided a valuable orientation of the Canal and its features. It accurately
locates the ports, Canal system, entrances, railway, roads, and airports. The PCC
updated its traffic projections and extended them for 50 years into the future. These
updated traffic projections were compared to recent actual transit numbers and cargo
records for trends and significant changes. An on-site orientation of the existing
tacilities, capabilities, and condition was made in mid-June 1997. The orientation
included visits to the ports and terminals at the Pacific and Atlantic entrances, Miraflores.
Pedro Miguel and Gawun Locks, Gaillard-Cut, the atrport at Colon, viewing the railroad
at both terminus and along the Canal route, the entire Canal route and traveling across
the Transisthmian highway. The Executive Summary of the CAS was used for reference
and comparison throughout the Study.

The entire team met in the BREC offices, Building 743, during the week of
June 23, 1997. Briefings were received on the business aspects of the PCC, Canal
capacity analyses, traffic projections, and forecasts for mega-container ships. A “brain-
storming” session established a breadth of viable alternatives for consideration.

The following objectives and criteria were developed for use in evaluating
the alternatives:

Obijectives

¢ Increase customer service and system reliability

* Enhance system maintainability

* Maximize market share and system competitiveness
* Enhance future system flexibility

Criteria

* Economic feasibility/financial feasibility (plausible)
e Stewardship of natural resources

 Prudent system revenue management

* Add new service capabilities (flexibility)



From the objectives and criteria, the alternatives were reduced to the most

reasonable and realistic ones for definitive consideration. These alternatives were
individually evaluated and in combination with other alternatives and are discussed in this

report.

E. Study Team

The study team, including PCC and BREC participants, was composed of
the following members. Vitaes for the individual team members are found in Appendix

B.

JOHN C. GRIBAR - STUDY TEAM LEADER
Chief, Design Branch, USACE, Pittsburgh District;
Structural Engineer with over 33 years experience in
the planning, design, and construction of navigation
and flood control projects, including innovative and
non-traditional methods. Study team leader for the
Panama Canal O&M Study completed in January 1997.

CARL D. MARTLAND .
Senior Research Associate and Lecturer in the MIT

Department of Civil and Environmental Engineering;
Mathematician and Civil Engineer with over 25 years
experience in teaching and conducting freight and rail
transportation studies including reliability, intermodal
operations, capacity, maintenance, and operations control.

MICHAEL S. BRONZINI
Director, Center for Transportation Analysis, Oak Ridge

National Laboratory; Civil Engineer with over 29 years
experience in transportation research and consulting.
Technical expertise in waterway and multimodal transportation
systems, with prior experience with the Panama Canal.

JAMES D. PUGH
Director of Marketing - Maritime Services, Black &

Veatch Special Projects Corporation; Business graduate

with over 25 years experience in port master planning,

port operations analysis, international transportation and
market assessments. A former Executive Director and CEO,

Port of Houston Authority.

M. JOHN VICKERMAN
Principal, Vickerman-Zachary-Miller/TranSystems; Civil

Engineer with over 26 years experience in the planning
and design of marine and intermodal rail transportation
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facilities. Extensive experience with international ports of
entry and container ports.’

BYRON K. MCCLELLAN

Chief, Design Branch, USACE, Louisville District;

Civil Engineer with 27 years experience in the planning,
design, and construction of navigation and flood control
projects, including innovative and non-traditional methods.

DAVID A. WEEKLY

Chief, Navigation Center, USACE, Huntington
District; Civil Engineer with over 22 years
experience in all facets of navigation systems
studies, including traffic projections and economic

analyses.

FRANK ZOVACK

Chief, Electrical-Mechanical Design Section, USACE,
Piusburgh District: Mechanical Engineer with 25
years experience in the planning, design and
construction of the mechanical and electrical features
of navigation projects.

PCC REPRESENTATION

Mr. Richard Horne, Deputy Directer, Office of Executive Planning
Mr. Agustin Arias, Office of Executive Planning
Mr. Carlos Alvarado, Deputy Director, Marine Bureau

Mr. Maximillan DePuy, Geotechnical Engineer, Engineering and
Construction Bureau

BREC REPRESENTATION

Mr. Roberto Roy, Chairman
Mr. Ernesto Ng

Ms. Gabriella Russo, Administrative Support
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II. BASELINE CONDITION

The baseline condition of the Panama Canal for the purposes of this study consists
of the existing Canal and its current infrastructure and operating procedures, plus the
physical and operational improvements that are currently planned and/or being
implemented by the PCC.

A. Existihg Canal -

The existing Panama Canal comprises basically the locks, channels. lakes
and supporting infrastructure that have been in place since the Canal opened in 1914.
Over the years, a number of channel, infrastructure, operational improvements and
equipment upgrades have occurred, and scheduling practices have evolved to keep up
with the changing number and mix of ship sizes. The current physical and operating
conditions of the Canal were extensively documented in the June 1996 report, Panama
Canal Operations and Maintenance Study, prepared for the PCC’s Board of Directors by
the USACE.

The existing Canal is operating very near its operational capacity, which is
currently estimated to be about 38 transits per day on the average. If the Canal traffic
grows at the rate indicated in the current forecasts, the Canal’s operational capacity will
be exceeded within only a few years even with ongoing improvements. In addition to
being restricted by the number of ships that can transit the Canal, it is also restricted by
the size of ship. Panamax-size ships that have a beam of up to 106 ft and a length of 965
ft are the largest ships that can transit the Canal. The channel draft of 39.5 ft is also a
restriction. Post-Panamax ships have been and continue to be built that are wider.
longer, and deeper and are in service on the world trade routes. These ships are
designed for specialized service but can not use the Canal.

A critical aspect of the current near-capacity operating mode is that there is
virtually no opportunity to close a lane at one of the locks to perform extended
maintenance and needed rehabilitation of the aging locks. A shut down of one of the two
traffic lanes for ten days produces a backlog of ships awaiting transit that could exceed
120 ships. and requires up to four weeks of intensive full capacity operation to work off
this backlog. Operation in this mode is not sustainable. These high traffic levels and
attendant extra wear on the lock equipment, or a component failure, will require either
more frequent or lengthier shutdowns tfor maintenance or repair. This would lead to
extensive queues and unreliable service, producing Canal Waters Time (CWT) values of
up to 120 hours, well beyond what is acceptable to the Panama Canal’s customers. In
addition to lengthy CWT, ships transiting the Canal would be subject to great variations
in CWT and not be able to provide reasonable schedules or service to their customers.
CWT is the number of hours it takes a ship to transit the Canal from the time it arrives at
the anchorage and is ready to transit to the time it reaches the anchorage on the opposite



Ocean. The Commission currently has the goal of providing a CWT of 24 hours but is
operating at a CWT of about 30 hours.

B. Near-Term Canal Improvements

In response to the Canal's growing demand and high level of capacity
utilization, the PCC has embarked upon a series of near-term improvements and
modernization program that will raise the Canal’s operational capacity to an average of
about 43 transits per day by the year 2002. These include:

1. Gaillard Cut Widening

2. Procurement and Modernization of Mobile Equipment
3. Replacement of Lock Controls and Machinery

4. Modernized Traffic Management System

1. Gaillard Cut Widening

The PCC is presently engaged in a long-term project to widen the Gaillard
Cut from its present minimum width of 500 ft to a new minimum of 630 ft in straight
sections and 730 ft in the curved sections. The project has also been designed to
straighten the Cut. The completion date of this project has recently been advanced to the
year 2002 from the original date of 2014. The widened Cut will allow relaxation of
vessel traffic regulations that presently prohibit two-way traffic of large vessels, and that
restrict certain classes of vessels from transiting the Cut during darkness. The resulting
changes in vessel scheduling practices will eliminate gaps in traffic arrivals at the locks,
which will increase the operational capacity of the Canal and eliminate some causes of
increasing CWT.

2. Procurement and Modernization of Mobile Equipment

To allow greater utilization of the Canal, particularly after the Cut-
widening project is completed, the PCC is also procuring added mobile equipment. The
tugboat fleet will be increased in stages from 17 wgboats to 24 tugboats, and fleet
replacements will also continue to occur on a regular basis. In addition, the locks’
locomotive fleet is being increased from 82 to 108 units with the acquisition of 26 new
and modernized locomotives. Consideration is being given to replacing the entire fleet
with these new modern and more efficient locomotives. The new units will be needed to
allow greater use of relay operations to maximize the operating capacity of the existing
locks.

3. Replacement of Lock Controls and Machinery

The existing mechanical systems that operate the locks miter gates and
valves are the original system from 1914 and will be replaced with modern hydraulic
systems. In addition, the existing locks controls, which are manual, will be replaced with




automatic systems. Both of these improvements will reduce lock downtime and increase
the safety of lock operations.

4. Traffic Managément System

The Commission is implementing an Enhanced Vessel Traffic Management
System (EVTMS), which will augment the existing Vessel Traffic Management System
(VTMS) with advanced computer utilization, software, display, and automated tracking
technology. The existing scheduling system is essentially a manual operation with only a
few supporting operations being automated. The EVTMS will provide fully automated
tools for vessel and resource scheduling and rescheduling, real-time vessel and resource
tracking, graphical displays and user interfaces, and on-line access to data for authorized
users. This system will permit more efficient lock operations and equipment utilization,
and increase the number of transits. Studies are also being performed concerning a
Global Positioning System (GPS) for use on ships in navigating the Canal during poor
visibility conditions.

C. Other Transportation Systems

Currently, there are no other cargo transportation systems operating across
Panama. A pipeline for moving crude oil from the Atlantic Coast to the Pacific Coast
exists in Chiriqui Province with a capacity of 800,000 barrels per day but is not in
operation. Docking facilities, terminals and storage tanks to support this operation are in
place.

The former Panama Canal Railroad, which once carried cargo and
passengers across the Isthmus, has fallen into disrepair and will need substantial upgrade
to serve as a viable transportation system. The current operation is marginal at best.
Kansas City Southern Railroad has been awarded the concession by the Government of
Panama to upgrade, operate, and maintain the raiiroad as a land bridge for shipment of
cargo across the Isthmus. They have requested an increase in the width of the right-of-
way, but their plans are unknown at this time.

The Government of Panama has also awarded concession contracts to
Hutchison International for development of ports at Balboa and Cristobal. Evergreen,
Hutchison, and Manzanillo International Terminal (MIT) are currently operating and
developing container terminals at Coco Solo and Cristobal on the Atlantic Ocean side of.
Panama. These terminals are used as transshipment hubs but do not ship cargo
(containers) across the Isthmus on a routine basis. MIT expects to pass 325,000
containers through its hub this year and will have an eventual capacity of 750,000
containers. Transshipment consists of moving containers from one ship to another,
usually after some storage time period at the terminal and typically from smaller ships
that focus on coastal trade to larger ships that are used on oceangoing routes.

The container terminals at MIT (see photo 1) and Evergreen (see photo 2)
were toured and the layout and operation viewed. These facilities have been planned



mainly as and are being developed as transshipment hubs only at this time. There are no
provisions or accommodations being made for railway (see photo 3) or highway access
into these terminals. With the security at the gate entrance to the MIT terminal, it would
be difficult to sustain a high volume of highway container movement across the Isthmus.
Also, once these terminals are developed for truck operation, it will be difficult to adapt
them for high volume rail operation. MIT plans to integrate rail operations but the
connection will be outside the terminal and across the road from it. This operations will
entail additional handling costs.

The port of Balboa, situated at the Pacific Entrance to the Panama Canal,
is a strategic location, as a transshipment hub for Central and South America in the same
manner as the ports at Cristobal on the Atlantic Ocean side of the Canal. Most ships
calling at the ports transit the Canal. Additional ships are expected with improvement of
facilities and services and the construction of new container terminals. A report
completed in March 1997 by Japan International Cooperation Agency for the National
Port Authority of the Republic of Panama proposed a Master Plan for the Port of Balboa.
The Master Plan as described is for a container transshipment hub and as such does not
provide any dry or liquid bulk storage facilities. The terminal will have two consecutive
berths for post-Panamax, container type ships, each 350-m ‘long. "The terminal is
designed for a capacity of 800,000 twenty-foot equivalent units (TEUs) per year. It also
does not integrate rail use within the terminal operation. The railway is specifically noted
as being separate and on the other side of the road from the terminal and the master plan
does not show any major highway connection. This operation will allow some
transisthmian shipping, however, it will not allow for any high volume movement.
Container cargo through the port of Balboa from the Free Zone (medium case) is forecast
as 34,000 TEUs in 2015.

The report considers the port at Diablo to be a temporary operation and
severely restricted from growth by the surrounding community. To accommodate
expected container traffic growth, the terminal is recommended to be moved to Farfan at
the west side of the Canal entrance around the year 2015.

A highway exists across the Isthmus of Panama, not parallel to the Canal,
that connects Balboa on the Pacific Ocean side with Colon on the Atlantic Ocean side.
This is a narrow two-lane highway with limited passing lane opportunities that is not
suitable for dependable transportation of cargo. The Government of Panama has plans to
build a modern transisthmian highway, but planning and construction drawings for the
highway as well as a schedule were not available.
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III. TRAFFIC FORECAST ANALYSIS

A. Purpose

This section compares and analyzes the traffic forecasts and capacity
estimates of the Canal. as presented in the CAS and recently updated by the PCC. It also
evaluates the need for any capacity expansion.

B. Traffic Forecasts

In 1991, the CAS contracted the WEFA Group, with subcontract support
from Richardson Lawrie Associates (RLA) and BST Associates, to develop traffic
projections for the years 2020 and 2060 for the existing Canal and four alternative routes
through the Republic of Panama. This was known as the Commodity and Traffic
Projections Study. The base year for traffic was calendar year 1990, and the study took
into account the capacity of the Canal, as determined by the Operating Characteristics and
Capacity Evaluation Study.

In 1997, the PCC contracted with ICF Kaiser International (ICF Kaisér) to

perform long-term projection of cargo flows through the Canal, an analysis of the types

and sizes of the ships, the number of Canal transits, and the implications for Canal
capacity expansion. These forecasts were based on FY 1995 and extend to 2040.

A comparison of the two forecasts is shown in Table III-1 with the actual
number of Canal transits given for 1990 and 1995. The ICF Kaiser forecasts translated
ship transits into constrained and unconstrained number of transits. In the constrained
case, the maximum size ship that can transit the Canal is assumed to be the Panamax
size. In either case, the ICF Kaiser forecasts of ship transits significantly exceed those
made during the CAS study, as clearly shown on Chart I1I-2.

Table III-1. Comparison of CAS and 1997 PCC Traffic Forecasts.

Total Transits

PCC
Tonnage (1,000 Daily Daily Daily

Year CAS PCC CAS Average  Unconstrained Average Constrained  Average
1990 157,472 157,073 11,162 30.6 13,325 36.5 13,325 36.5
1995 171.826° 190,303~ 12,013 32.9 15.136. 41.5 15,136 41.5
2000 187,488 197,067 12,928 35.4 15,363 42.1 15.363 421
2010 223.226 242,435 14,974 41.0 17.427 47.7 17,387 47.6
2020 265.962 304,030 17,359 47.6 20,288 55.6 20,038 54.9
2030 268.634 371.870 17.539 48.1 23,547 64.5 22,615 62.0
2040 271,332 446,278 17,719 48.5 26,921 73.8 25,044 68.6
2050 274,058 NA 17,898 49.0 NA NA
2060 276,529 NA 18,078 49.5 NA - NA
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C. Capacity

Panama Canal capacity is typically measured by the PCC in terms of the
average number of ship transits that can be accomplished in a 24-hour period. Separate
capacity estimates exist for each Canal description (as defined by operating policies and
physical characteristics). Capacity utilization is expressed as the average time it takes a
ship to transit the Canal from the time it reaches an anchorage, is ready to transit, and
includes waiting time to transit (i.e., CWT).

The CAS made an estimate of capacity and delay for the status quo
condition, which assumed the Gaillard Cut was widened. This estimate, obtained from a
simulation model, was defined by the curve
d = Dqg/(Q - q), where:

d = average delay,

D = average delay at a q = Q/2,

Q = annual traffic capacity, and

q = traffic per year.

This equation does not include the travel time, which averaged about 10.4
hours during 1994-1995. In this case, Q = 18,569 transits and D = 0.9389 hours and a
CWT of 24 hours would be obtained at 47.6 transits per day. However, a sensitivity
analysis for this condition using different fleet assumptions found Q = 16,476, D =
0.8001, yielding 43.3 transits per day at a CWT of 24 hours. Note that for the
simulation analysis, only two 11.5 day lane closures were assumed, about half the latest

yearly average.

The PCC’s primary program used to determine capacity is a combination
of analytical tools based on queuing theory and a computerized CWT Simulation Model
that establishes a capacity factor (capacity/arrivals) for a 24 hours CWT. The capacity
factor is determined by using an iterative process which matches arrivals to a capacity
matrix and applying the process at each level of arrivals until a CWT of 24 hours is
obtained. The programs consider ship mix, Marine Traffic Control Center rules
(hypothetical schedules), resources required, lane reversals, fog, ship interaction,
closures, and ships that are routinely cut from the schedule. The current model accounts
for regularly scheduled closures and assumes that 2 ships per day are cut from the
schedule, one for random changes in the schedule and another for random lane outages of
short duration. An application of this program (September 1996) assuming the Gaillard
Cut was widened provided the results shown in Table 11I-3 and Chart 11]-4.
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Table III-3. Summary of Findings for Canal Waters Time Model.

Traffic Avg.

Per Day Annual CWT
39.9 14,564 26
40.5 14,783 23
40.9 14,929 24
41.3 15,075 25
42.3 15,440 27
43.4 15,841 32

This data was used to calculate a delay curve and resulted in a Q=
17,667, D = 2.536, and 40.9 transits per day at a CWT of 24 hours (assuming 10.4
hours of travel time). Using this equation, CWTs of 30, 36, 44, and 95 hours would be
reached at 43, 44, 45, and 46 transits a day, respectively, showing how quickly service
deteriorates as the demand approaches the maximum physical capacity of the system.
According to the ICF Kaiser forecasts, 46 transits a day would be exceeded in the year
2007 in both the unconstrained case and the constrained forecast. The Cut-widening is
scheduled for completion in 2002.

D. Traffic Forecast Summary

Panama Canal traffic growth has been tied closely to the strong growth in
world trade. As world population increases, traffic through the Canal will also increase.
However, the size and number of lock lanes, as well as trade patterns, limit growth
through the Canal. Canal traffic is also tied closely to some key bulk commodities even
if revenues are tied closely to liner trade, automobile carriers, and passenger cruise ships
(36% of total revenue in 1996). If the Canal has the capacity to handle the cargo that
wants to pass through it, there should be a steady long-term growth, 2.2 t0 2.6%, from
2000 to 2040. Cargo volume is expected to more than double from 198 million metric
tons in 1996 to over 446 million metric tons in 2040. Along with this growth, the mix of
cargo is expected to change. Containerized cargo should see a substantial growth from
12% of the total in 1997 10 27% in 2040. Tanker trade will see some growth from 18%
to 23% over the same period. Dry bulk cargo is expected to substantially decrease from
51% in 1997 10 31% in 2040. Generdl“aitd Ro/Ro° cafgo should enjoy about the same
market share. Canal traffic by cargo type is shown on Chart III-5.

Liner tradeJs expected to grow faster than total world trade. World trade
in containerized cargo has averaged 6% per year while growth in total TEUs has been
even faster. These changes will lead to some adjustment in traffic by route. The seven
most important Canal routes accounted for 68% of the traffic in 1990, but by 2040 these
seven routes are expected to account for only 46% of the total traffic. Other more
quickly growing routes will continue to grow.

12
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In analyzing the traffic forecasts, the future projections are for significant
increases in the number of transits for both the constrained and unconstrained cases.
Total transits in 1995 were 15,136 and are expected to grow to 25,044 total constrained
transits or 26,921 total unconstrained transits by the year 2040. From 1990 to 1996,
cargo volume through the Canal rose by 40,000 tons while the number of transits
increased by 1518, an average of 250 transits per year. The forecast calls for larger
ships and a higher ratio of ship utilization as will be addressed later. The number of
ships that have a beam of 100 ft or more is expected to increase slowly until 2005 but
increase markedly after that date, as shown on Chart I1I-6.

Chart I11-7 shows the ICF Kaiser forecast for Canal transits for both the
constrained and unconstrained cases. The forecasts for the CAS have also been added for
comparison. Recent forecasts show much higher traffic demands than previous studies.
The capacity for the existing locks after Cut widening is 43 transits per day while the
current capacity for a CWT of 24 hours is 38 transits. Current capacity/transit estimates
that take into account maintenance outages and less efficient ship mix reveal a decrease in
capacity while CWT increases. Assuming that future lock traffic lanes will be
constructed and that one additional lane will have a capacity of 20 ships per day, Chart
III-7 clearly indicates the need for immediate capacity expansion to accommodate traffic
to 2040 and expansion into the future beyond 2040.

As can be seen from Chart 11I-2, traffic steadily grew from 1950 to about
1975. From 1975 to the present, there have been ups and downs but a recent steady
growth. Projecting the average increase in traffic of 250 ships per year from 1990 to
1996, the Canal will reach capacity for the existing locks in about 7 years or about 2003
- 2004. This compares favorably with the model calculations. In fact, at a CWT of 24
hours, capacity of the Canal is now exceeded and is rising to a point where service is
unsatistactory to Canal users.

IV. MARITIME TRADE TRENDS

A. Products

1. Bulk Liquids Transport

There are likely to be only small changes in the transport of bulk liquids in
the near future in the trades affecting the Panama Canal. The movement of crude oil is
the dominant bulk liquid commodity flow (see Chart IV-1), and this is unlikely to change
unless major new finds occur. The shift to the movement of refined products should
continue to increase due to the rationalization of refining capacity. This may result in
modest increases in handy-size (30,000 dead weight tons, or DWT) and Panamax

13
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(60,000-70,000 DWT) tank ships for moving products to the growing South American
markets from U.S. and Caribbean Basin producers.

The shipment of liquid chemicals is also expected to remain in the parcel
(12,000-15.000 DWT) tanker trades because the demand requirements are relatively small
and the values per ton dictate only limited storage capability at consumption points.
Edible oils will also experience growth due to the expanding economies in Latin America,
but the demand is also small in shipment sizes and not susceptible to significant
economies of scale in transport due to the storage requirements.

Ship owners in the tanker trades seem to place a premium on flexibility to
enable the redeployment of ships in various trade lanes. With the exception of oil bulk
ore ships and dedicated crude carriers, most tankships have the greatest flexibility if they
are handy or Panamax size. A contributing factor to concentration of the fleet in these
sizes is the use of these ships in tramp and spot charter markets, which means that ability
to travel to the vast range of ports, with their draft limitations, is very important for
continuous usage.

The foregoing would seem to indicate that tankship transits will increase
modestly over the next few decades, but the size of ships will probably continue to be
limited to handy and Panamax sizes. This would be consistent with current shipowners’
plans for building new ships and deployment schemes that rely on flexibility to move
between trades and handle commodity movements in less than 70,000-ton lots. The
exception is shipments of crude oil, but that is unlikely to change from current supply
patterns absent major new sources being developed.

2. Dry Bulk Transport

The dry bulk trades are dominated by the movement of coal, iron ore, and
grains. Some other bulk commodities move in smaller quantities, such as potash,
phosphate, sugar, and salt, but these are generally inter-regional movements that require
only smaller ships in the 15,000-30,000 DWT range. Forecasted trends in consumption
of these other bulks would indicate that demand would mirror overall trade growth.

Coal supply from Australia to Asia and South Africa to Europe will likely
continue as the major movements requiring large bulk ships. The supply of 