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Executive Summary

Because of the dynamic changes that are occurring in the maritime shipping industry, the U.S.
Army Corps of Engineers Inditute for Water Resources initiated a research and development
work unit entitled, “Impacts of Navigation Trends on Channed Usage and Design.” In short, the
am of the work unit is to invesigae how future maritime vessd design and usage will impact
the design and maintenance of deep-draft navigation channds.

The am of this Shipping Trends Analysis component of the study is to identify current and future
navigation trends and andyze them for potentid impacts on channd design and safety. An
andyss of current trends within the international shipping industry has been conducted. Growth
in world trade, increasing containerization, changes in the world flegt, vessel design trends, and
operationd and organizationd changes of the maritime industry have been evduated. An
assessment of future trends resulting from these dynamic changes occurring  within  the
internationd shipping industry are identified and assessed for their potentiad impact on channd
design and operations.

This report draws dgnificantly on data from another U.S. Army Corps of Engineers study
entitled, “Nationa Dredging Needs Study (NDNS).” The present report does not regenerate
information contained in the NDNS report. Rather, this report augments the NDNS study and
ducidates several issues related to vessdl characteristics and ship design not fully addressed in
the NDNS report.

This report summarizes vessel characterigtics and trends over the past thirty years and discusses
future vessel design issues and corresponding navigation channd design, maintenance and safety
impacts. For example, it is shown that the average beam-to-draft ratio has sgnificantly increased
over the past thirty years for al merchant vessd types investigated. This vessd parameter trend
mogt directly impacts channd width and layout. Channd width and channd layout festures such
as bends must enlarge (for same depth) in order to accommodate ships with these changing
proportion trends. Channd depth, for this type of vessd change, is impacted to a much lesser
degree; an increase in beam-to-draft ratio does not impact typica desgn conventions for channd
depth nearly as dgnificantly. The effect of an increased vessd blockage factor within a channd
cross-section adso contributes to higher vessd squat experienced, and may likdy result in
decreased vessd speeds within channds.  Other vessa-related issues, such as the impact of tug
assisance within navigation channds and two-way traffic, are aso addressed in this report.
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1. Introduction

Because of the dynamic changes that are occurring in the maritime shipping industry, the
US Army Corps of Engineers Inditute for Water Resources initiated a research and
development work unit entitted, “Impacts of Navigation Trends on Channe Usage and
Desgn” herefter referred to as “INTUDE.” The INTUDE sudy is comprised of three
interrelated mgor components. (1) a safety performance review, (2) an assessment of
channd design and maintenance practices, and (3) [the present] shipping trends andyss. In
short, the overdl am of the work unit is to invesigate how changes in maritime vessd
design and usage will impact the design and maintenance of deep-draft navigation chamels.

The key contribution of this Shipping Trends Analysis component of the INTUDE sudy is to
identify current and future navigation trends and andyze them for potentid impacts on
channed desgn and safety. An andyss of current trends within the internationa shipping
industry has been conducted. Growth in world trade, increasing containerization, changes in
the world fleet, vessdl dedgn trends, and operationa and organizationd changes of the
maritime industry have been evduated. An assessment of future trends resulting from these
dynamic changes occurring within the international shipping indusry are identified and
assessed for their potentia impact on channd designs and operations.

This report draws dgnificantly on data and findings from another U.S. Army Corps of
Engineers study entitled, “Nationa Dredging Needs Study® (NDNS)” in order to arrive at
some of the find conclusons. The present report does not regenerate information contained
in the NDNS report. Rather, this report augments the NDNS study and eucidates severa
issues related to vessd characteristics and ship design not adequately addressed or presented
in the NDNS report.

Data for the additiond anaysis work performed for this INTUDE report was provided to the
present authors by Planning and Management Consaultants, Ltd. (PMCL), the authors of the
NDNS report. The data andyzed most extensvely was derived from a vessd information
database compiled for the NDNS.

! Norvell, Stuart D., Jack C. Kiefer, and Terry Thomas, “National Dredging Needs Study of U.S. Ports and
Harbors,” Planning and Management Consultants, Ltd., Carbondale, IL, May 20, 2000 draft.
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2. Background
2.1 Shipping Trends Investigation History

The mgority of the shipping trends information for the Impacts of Navigation Trends on
Channd Usage and Dedign (INTUDE) study was origindly intended to be drawn from the
products of the Nationa Dredging Needs Study (NDNS), a study adso implemented and
directed by the U.S. Army Corps of Engineers Inditute for Water Resources. The main
product of the NDNS is the report prepared by PMCL, “National Dredging Needs Study of
U.S. Ports and Harbors” The report is presently in draft format a the time of this writing. It
includes the following components:

1) An overview and andyss of internationd trade on a globa, naiond and
regiond level

2) A description and andyss of the type and Szes of ships in the world
merchant flet induding an examinaion of current vessd traffic with
channel depths at U.S. deep-draft ports.

3) An assessment of the nationd watersde infrastructure needs and a
comparison of draftsat U.S. and selected world ports

4) A projection of future vessdl traffic at U.S. deep draft ports, and

5) An andlyss of potentia dredging needs based on future vessd traffic.

The NDNS report provides a wedth of information regarding commodity flows and
predictions for U.S. port traffic for the next twenty years, and includes more than 125 tables
and figures of daa presentation. The data used in the tables and figures are included in
another of NDNS' key products. an extensve database of the compiled information, which
includes the following data:

Summaries of ship cdls on U.S. ports including vessd types, Sze and operationd
characterigtics, origin and destination

U.S. and foreign port infrastructure and port devel opment

Types, quantities and value of maritime commodities imported and exported

Forecasts of commodity flows by direction at the coast and port level

Forecasts of vessd calls by ship type

Corps project depths

A sample of some of the information extracted from the NDNS report relevant to this present
report is shown in Figures 2-1 and 2-2. These example figures show information regarding
frequency of different vessd traffic to and from U.S. ports. There are numerous other tables
with more aggregate as wedl as more detalled data of vessd traffic, commodity types and
flows (by both tonnage and value). However, the PMCL report stopped short of addressing
how this vessdl traffic and, in paticular, changes in the vessd traffic may impact channd
design and maintenance.

Background 3
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A vesd’s physcd dimensons and maneuvering characteridics naturdly influence how a
channd is desgned and maintaned. To this end, severd figures and tables with some
andyses of vessl draft are included in the NDNS. However, most other vess
characterigtics are al but neglected, with the exception of cargo capacity and a few anecdota
“landmark containership” tabulations of vessd dimensions.

Vesd characterigtics beyond vessd draft must be serioudy considered in order to assess
potential impacts to channel design and maintenance. Vessd characterigics and dimensions
have changed, will continue to change with time, and have not and will not change evenly or
proportionately. Therefore, a large part of the remainder of this report discusses general and
particular characterigtic trends for vessds involved in maritime cargo trade. The conclusons
to this report incorporate the cargo and traffic prediction information extracted from the
NDNS report with the vessel characteristics andysis contained herein.

2.2 A Brief Discussion of Significant Vessel Design Characteristics

As mentioned previoudy, draft (distance from the Hill water leve to the lowest point on the
vessel beow water) is usudly the vessd dimenson most channd desgners and planners
invesigate and follow most intently. However, there is a serious danger in the channd
desgners and planners proclivities to neglect other parameters, and more importantly, the
relative proportions of the other vessdl dimensions relative to draft.

A typicd ship hull has a very complex, three-dimensond shape, and in order to fully
decribe a particular hull shape a large amount of data is required. Basicadly each point on
the hull has a unique location, usudly not defingble by a smple or even a complex equation.
Therefore, in order to compare or caegorize vessds, desgners and planners will refer to
certain gross dimensons and characterigtics of a ship such as length, beam (width), and draft.
Other sgnificant vessd parameters include vessd deptt?, D, submerged volumeN, and
various non-dimensond coefficients such as block coefficient, prismatic coefficient, etc.
Some of these parameters are illustrated in Figure 2-3.

Figure 2-3. lllustration of the vessel parameters length (L), beam (B), draft (T) and submerged
volume (N). (From Zubaly’s Applied Naval Architecture.)

2 Vessel depth is the distance from the keel (bottom) to the main deck or uppermost watertight deck. This
parameter is significant with respect to stability and structural (strength) characteristics.
Background 5
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Pat of the reason that draft is given such great attention is that it is one of the mog esesly
understood and most eedly quantifidble dimensons of a vessd. It is dso the most
interesting. It changes from voyage to voyage, and changes somewhat during a voyage due
to the consumption of fud, food and other “consumables.”

Dréft is the one and only vessd parameter that is easly variable and controllable once a
vesse has been condructed. Length and beam of a vessel cannot be modified after a ship is
congructed. Draft can vary depending on how much weight the vessd is carrying. The more
weight the ship is carrying, the larger the draft and viceversa A vess is usudly desgned
with an intended or “desgn draft,” which is essentidly the vessd's preferred draft for
optima overdl peformance. However, in operation, it is quite likdy that a vessd will sal
drafts other than her design draft. A vessd rardy sails a a degper or heavier draft than the
design draft, due to dability concerns and regulations. The most common draft variance is
therefore a shalower draft than desgn draft, dso refered to as saling “light” or “light-
loading.” The two most common reasons for this are (1) the cargo quantity or weight
(dengity) is not large enough to “snk” the ship down to her design draft, or (2) the channd or
port facility water depths are not large enough to accommodate the vessd a full draft, so the
vessel operator intentiondly removes cargo or “light loads’ to reduce draft so that the vessd
will “fit” in the shdlower water.

From the vessd desgn dandpoint, trangting in and out of ports — dthough 4ill quite
important — is not the only dgnificant operationa condderation. Table 21 is extracted from
Taggat's Ship Design and Construction; and it presents a succinct summary of e primary
ship design parameters and requirements that nava architects commonly address. As can be
seen in the table, the parameters associated with port accessibility are length, beam, and draft.
However, other parameters — ones not as important to port and berth accessbility — may be
quite dgnificant with regard to other vessd design requirements such as fud consumption
and endurance.

As shown in the table, some of these other parameters of significant concern to the vessdl
designer incdlude
- vessal depth — the vertical distance from the bottom of the ship up to the main deck
submerged volume N — the volume of the submerged portion of the vessdl; dso
referred to as displaced volume
block coefficient Cz — the ratio of the underwater volume N divided by the
rectangular block described by L™ B” T (seefigure 2-3 for darification)
ratios and functions of other parameters

Aswith many engineering designs, there are tradeoffs associated with dmogt dl of the
parameters. Often a desirable characterigtic (e.g., shalow draft) for one design requirement
directly conflicts with the desirable characterigtics (e.g., deeper draft) for another design
requirement. It isthetask of the vessel designer to balance the tradeoffs and optimize the
vessd for the range of requirements identified.

6 Background
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Table 2-1. Ship proportions with possible significant effect on ship design requirements
(from Taggart, 1980).°

L/ﬁ 1/3’ CB:
L B T D slender- block
Ship Design Requirements length beam  draft depth nessrato coeff B/T L/D
Port accessibility 2 4 L 4 <&
Berth accessibility & < g g
Fees governed by admeasurement
tonnage ’ * * ¢ ¢
Pilotage and pier rental costs not VS ¢
based on tonnage
Availability of drydocks 2 2 4 4
Rough weather performance * 2 2 2 L 2 L 2 2 2
Calm weather performance ¢ L 2 L 2 4 < 4
Fuel consumption and endurance * L L 2 L 2 L 2 L 2 2 L 4
Effective use of overload horsepower L L 2 L 2
Maneuvering and directional stability 2 2 L 2 2 2 2 2
Longitudinal ship deflection 2 2 < g
Propeller induced hull vibration < & <& <& * ¢ 4 4
Capital charges to amortize first cost 2 2 2 L 2 L 4

3 Taggart, Robert, ed., Ship Design and Construction, Society of Naval Architects and Marine Engineers, New
York, NY, 1980. Table extracted from Chapter 1. Mission Analysis and Basic Design, p.17.
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3. Categorization of Marine Vessels

When invedigating shipping trends, it is important to characterize what parameters are
changing for which vessd types and the underlying reasons why. To tha end, it is dso
important to understand how vessdl data is collected and compiled. Vessdls can be
caegorized many different ways. Examples of categorization schemes include by
enginegring isskes (eg., hullform type, propulson type), by type of sevice (eg.,
commercid, military) and by cargo type (eg., containership, tanker).  Briefly presented in
this section ae some generdly useful categorization schemes.  While the focus of this
Shipping Trends Analysis report and the INTUDE parent sudy lend themsdves to
preferential categorization of vessds by the type of cargo caried, the other categorizations
are liged here for informationa, clarification and orientation purposes.

In Gilmer and Johnson’'s Introduction to Naval Architecture, ships are categorized by
hullform type or means of support; i.e, the physical phenomenon that keeps the vessd afloat
while underway. The figure reproduced here as Figure 31 includes some redively rare and
goecidized hull design types such as ar-cushion vehicles (ACVs) and hydrofoils, which are
seen only in specidized gpplications, and not in commercid shipping. Mogt cargo-carrying
vessds are drictly of the conventiond-displacement or deep-disolacement type.

SEAGOING VESSELS
(Surface, Surface Effect, Sub-surface)

Aircraft

BERNOULLI ARCHIMEDES ‘
Submersibles

Hydrostatic support

Aerostatic support Hydrodynamic support
PP Y 4 PP (Displacement)
A

¥ T
Conventional o
Surface effect Displacement Special Displacement

Hydrofoil

Air cushion
surface effect
Captured
air bubble
[}

Deep displacement
Planing hulf Catamaran (Multi hull)

=

ea N N
3 Cushion Surface Submerged

piercing foils
.l'l' L d range p: |
Knots 80-100 60-40 40-25 30-15

Figure 3-1. Vessel categorization by hullform type
(from Gillmer and Johnson's Introduction to Naval Architecture).

Taggat’'s Ship Design and Construction presents three mgor ship categories Commercid
Vesss, Industrid Vessdas, and Service Vessds, as reproduced in table 3-1. Most cargo-
carrying vessdsfal within the commercid vessd category.

Categorization of Marine Vessels 9
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Table 3-1. A list of representative vessel types (from Ship Design and Construction).

COMMERCIAL VESSELS INDUSTRIAL VESSELS SERVICE VESSELS
general cargo ships - suction dredges - tugboats without
containerships - pipe-laying vessels barges
tankers - drilling vessels - offshore supply boats
liquefied gas carriers - semi-submersibles - crewboats
bulk carriers - incinerator vessels - crane support ships
ore/bulk/oil carriers - hopper dredged - diving support ships

(OBOs) - fish processing vessels . fire boats
integrated tug/barges . fish catching vessels - pilot boats
roll-on/roll-off ships - fisheries research - towboat without tow

(RO/ROs) vessels
ferries - oceanographic
barge carriers research vessels
heavy -lift ships - hydrographic survey
chemical tankers vessels
lumber carriers - ocean mining vessels
towboats with barges - seismic exploration
passenger ships vessels

For this present Shipping Trends Analysis report, drictly cargo-carying commercid
merchant vessals are andyzed in depth. There are clearly numerous other vessels that are not
included in this group. However, the vessds that are included under this category typicaly
impact Nationa Economic Development (NED) most directly and significantly.

The dmplified categorization scheme of vesss discussed and andyzed in this present
shipping trends andyss report is shown schemaicdly in Fgure 3-2. This represents the
cargo-carrying commercial merchant vessds addressed in the NDNS report and includes the
vessdls used in most USACE channel formulation studies.

As shown in the figure, most cargo vessds fdl into one of two general classfications based
on the type of cargo caried: generd cargo or bulk cargo. The difference between the two is
that bulk cargoes can be pumped or moved essly by Smilar automated mechanical means,
whereas generd cargoes cannot. A more detailed discusson of cargo types and associated
ship types is included in Appendix A. Each of the two mgor classfication types possesses
two dominant (by vessd numbers and transported tonnage) vessd sub-types. Under the
generd cargo vessd classfication, containerships and genera cargo/breskbulk vessdls are
dominant, and under the bulk classfication, dry bulkers and tankers are the dominant vessd
types. It is these four vessd types tha ae andyzed most extensvely throughout the
remainder of this report.

10 Categorization of Marine Vessels
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Merchant
Cargo Vessels

General
Cargo

Bulk

Automotive
Carriers

Figure 3-2. Categorization of vessels used in this report.4

General Cargo /

Breakbulk

Dry Tankers

Lig. Gas

Bulkers

. Crude QOil
Grain v Product
Coal Chemical

Ore

Carriers*

LNG
LPG

4 *The categories “RO/ROs,” “Liquefied Gas Carriers’ and “ Others’ do not appear in al of the analyses
presented in thisreport. Combination carriers, such as OBOs, have been included within the “Dry Bulk”

category.
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4. Analysis and Key Findings
4.1 Analysis of Shipping Trends

The NDNS sudy summarizes vessd traffic and commodity trade regiondly, nationdly and
globaly, and consders vessd movements, tonnage movements and associated economic
vadues. The following are some findings extracted from various sections of the NDNS draft

report;

General International Trade Issues
- Foreign trade — and paticulaly maitime trade — is criticdly important to the
economy of the United States.
In generd, economic pressure and technologica advances have influenced the trend
toward larger ships, which as aresult have increased channd degpening needs.
It is projected that there will be a sgnificant overdl increase in demand for shipping,
due to globdization and large increases in commodity trade. The exiging fleet will
grow and it islikely thet larger shipswill be built in pursuit of economic efficiency.
Shiftsin the origin and destinations of U.S. imports and exports are likely.
Ovedl, the U.S. is a net exporter of agriculturd commodities and a net importer of
finished manufactured goods. Based on vdue, the U.S. mantains trade deficits with
mogt of the world. However, in terms of tonnage, the U.S. is a net exporter of low-
vaue raw materids and agricultural goods.
Regarding U.S. trading partners.
0 Trade between the U.S. and Western Europe is mature and is not expected to
grow much in the future,
o Trade with developing naions such as Eastern Europe should result in
associated increased cargo flows.
0 Stronger commerce with Latin America will tend to benefit South Atlantic
and Gulf coasts.
0 Expected rapid growth in trade with nations in Africa, the Mid-East and the
Indian subcontinent will benefit North and South Atlantic ports.
Figure 4-1 summarizes internationd maritime trade by coastd region, showing
percentage of cargo tonnage traded and percentage of cargo value traded. Regiondly,
the following generdizations can be made:
o Pacific Coast portstradein higher value commodities with Asan nations.
o Gulf ports serve as points of origin and/or degtination for bulk commodities
such as crude oil and grain.
0 Atlantic Coast ports handle a wide range of goods shipped mostly to and from
Europe, Lain Americaand Africa

Analysis and Key Findings

13



DRAFT FINAL REPORT: Shipping Trends Analysis for
Impacts of Navigation Trends on Channel Usage and Design

48%
30%  51%
35%
43%

Figure 4-1. International maritime trade by coastal region; illustration of import/export/total
contributions by tonnage and by value. (Data source: NDNS draft report.)

Portside Issues

Port infrastructure and continued development is essentid for the vitdity of maritime
shipping, especidly congdering the trends toward increesng numbers and Szes of
vessels. At present, U.S. ports appear to be comparable to their foreign counterparts
with regard to landside infrastructure.

One of the three greatest revolutions in cargo handling has been containerization.
(The other two mentioned by the NDNS are paletization and use of RO/RO cargo
loading.) Containerization began in 1955, and since its development from the 1960s
onward, the sructure of the world maritime fleet has noticesbly changed. There are
numerous transshipment advantages to containerization, especidly for high-vaue
items.

Vessel Types and Characteristics

- The tonnage capacity of containerships in the world fleet has grown the fastest of dl
vessd types, and is expected to continue growing faster than other vessdl types.
Figure 4-2 illugrates the numbers of vessds and average deadweight tonnage of
vesss cdling on U.S. ports, as well as an gpproximate number of port cals by vessd
type.
The NDNS includes severad additiond presentations of vessdl draft and tonnage
datigtics. It has been the effort of this report to build upon the data presented in the
NDNS report in order to arrive a conclusons of impacts of shipping trends and
vessd characterigtics on chennd design.

14 Analysis and Key Findings
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Figure 4-2. 1996 statistics of the U.S. maritime trade calling fleet. (Data source: NDNS draft report.)

As mentioned earlier, while the NDNS has provided an impressve volume of rdevant
information to the shipping trends andyss, little atention was pad to vessd characteridtics
beyond tonnage and draft. The remainder of this section, therefore, presents an andyss of
vessd data to better highlight vessel changes that have not yet been addressed. The data used
was from a vessdl database of the world fleet compiled by PMCL for the NDNS. The world
fleet was used vice the U.S. flegt, primarily to ensure an unbiased ingght into globa vessd
desgn characteristics. It is shown in the NDNS that the characterigtics of the U.S. fleet
closgly shadow those of the world flegt, so the generd findings based on U.S-cdling vesds
only should not vary sgnificantly from the findings presented here.

4.2 Analysis of Vessel Design Trends

The vessd characteridtics investigated include vessdl length, beam, draft, and DWT as well
as numerous normalized variaions of these parameters. Vessd characteristics are plotted
and discussed for each of the following vessd types:

Containerships

General Cargo/Breakbulk Vessdls
RO/ROs

Dry Bulkers

Tankers

Analysis and Key Findings
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While RO/ROs are often included in the genera cargo category, they were treated separately
because of their notably differing vessdl characteristics as compared to the rest of the generd
cargo vessals.

An effort was made to present the data for each of the vessd types in a consstent manner.
To that end, the following plots are presented for each vessd type:

General Construction Activity
Number of vessdls constructed vs. year
Tota DWT congtructed vs. year
Dimensional Vessel Characteristics — Temporal Presentation
VesH length vs. year congtructed
Vessel beam vs. year constructed
Vessd design draft vs. year constructed
Non-Dimensional Vessel Characteristics— Temporal Presentation
Vess length-to-beam ratio vs. year constructed
Vessel beam-to-draft ratio vs. year constructed
Vess length-to-draft ratio vs. year constructed
Vessel Szes Constructed— Temporal Presentation
Vessd DWT vs. year constructed
Non-Dimensional Vessel Characteristics — Relative to vessel size
Vess |length-to-beam ratio vs. DWT
Vessal beam-to-draft ratio vs. DWT
Vess |length-to-draft ratio vs. DWT

Where appropriate, additional plots are provided for specific vessd types. For example,
additional relevant plots of TEU® capacity are provided for containerships.

Note that the vessd database was edited to include vessdls for which dl presented
information was available, and dso for which the design draft was greater than or equd to 15
ft (4.6 m) — the commonly-used threshold for “deep-draft” designation. Note aso that the
most recent years of NDNS data (1998-1999) appear incomplete for most vessel types.

4.2.1 Containerships

Containerships are a very unique vesd type for many different reasons. They are clearly the
youngest vessd type of the present maritime trade fleet — first gppearing less than 50 years
ago. Containerships ae dso the vessd type whose dimensons are most directly and
remarkably congrained by shoreside facilities. In contrast to their genera cargo vessdl
cousins, containerships (especidly the largest vessels) typicaly do not have ther own cargo
loading and unloading cranes, and must rely on the shoreside facilities.

® TEU stands for “ Twenty-Foot Equivalent Unit” and refers to the number of twenty-foot-long containers a
vessel can accommodate. Note that most large vessels actually carry primarily FEUs = “ Forty-Foot Equivalent
Units,” but the cargo capacity is still stated in TEUs. Since an FEU istwicealong asaTEU, a 2,000 FEU ship
would belisted as having a 4,000 TEU capacity.
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Figures 4-3 through 4-5 show containership construction activity during the past thirty years.
Through these figures, it is clear that the totd number of ships, the totd DWT, and the totd
TEU has been increasing, and most remarkably within the past decade.

Figures 4-6 through 4-8 illusrate how vesse dimensons have varied for new congruction
vessels. Note the plateaus occurring in length at just under 300 m and beam a about 33 m,
corresponding to Panamax dimendion redtrictions. It was only as late as the mid-1990's that
these barriers were broken. This is quite late when compared to other vessd types, patialy
because containerships and containership design are reatively young as compared to other
vesd types that have been in exigence for much longer. And even though dl vessd types
may have certain redrictions on beam growth such as cand dimensions, the beam dimension
for containerships has an additiond condraint. It is paticulally difficult — and in redity
nearly impossble — to widen a containership until container cranes are made avalable with
reaches that can span awider vessd.

Figures 4-9 through 4-11 present nondimensona ratios of vessel characteridics,
specificdly, length-to-beam, beam-to-draft, and length-to-draft ratios. As shown in Figure 4
9, vesH length-to-beam ratio plateaus a just over 9.0, which corresponds to the ratio
associated with Panamax limits. It is interegting, however, that even the very large, clearly
post-Panamax vessdls stay below this plateau. The reason is most likely a sructurd one. A
vesd that is excessvely long rdative to its beam or depth requires extremdy large (and
disproportiond) longitudina  sructurd members to  withdand the sructurd  bending
moments experienced. A vessd that is more moderate in its dimensond ratios requires
structure more proportionally suited to the overal vessd sze.

Figure 4-12 shows containership vessd DWT condruction over time and illudrates the
increasing Sze trends of containerships, especidly the recent “boom” in vessd DWT during
the past decade.

Figures 4-13 through 4-15 agan illusrate nondimensona raios of vessd dimensons but
here versus DWT, illugtrating trends associated with vessd sze. It is shown that both L/B
and L/T are generdly larger for larger vessels. The trend in B/T appears somewhat level, but
if concentrating on the larger — say, greater than 50,000 DWT vessals — it gppears that B/T
tends to increase with increesng DWT. The increasing B/T trend is dso shown tempordly
back in Figure 4-10.

TEU cepacity versus DWT is shown in Fgure 4-16, and clearly illusrates a linear
relationship between the two parameters. A more subtle observation is that for a given
DWT, present TEU capacity is higher than it used to be. For example, for a 40,000-DWT
containership, in the 1970's TEU capacity was typicdly beow 2,500, while in the 1990's,
the TEU capacity for the same DWT istypicaly above 2,500.

It follows that since B/T is increasing for vessals with larger DWT, and TEU and DWT have
a linear reldionship, B/T would increase for higher-TEU containerships.  This is evident to
some extent in Fgure 4-17 where vessals with TEU capacities greater than 5,000 have B/T
ratios above 3.0.

Analysis and Key Findings
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An observation not apparent in any plot is that some liner companies appear to understate the
capacity of their ships. For example, the stated capacity of Maersk's Sovereign Maersk is
6,600 TEUs, but some experts estimate that the actual capacity may be as high as 8,700
TEUs. P&O Nedlloyd has a series of 6,600-TEU ships that have smilar drafts and beams
but are 47 meters shorter and have tonnages that are 22,000 DWT lower than the Sovereign
Maersk. Data in the NDNS report reflect the adjusted 8,700 TEU capecity for the Sovereign
Maersk. When plotted with this capacity, the data fdls in line with exiging containership
trends as shown throughout this section. However, had the TEUs capacity not been adjusted,
the data would show notable outliers and appear erroneous. This aleged under-reporting of
vesse cgpacity is troublesome for many andyds, because of the difficulty in assessng cargo
capacities. Further investigation into this problem should be made.

300
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Figure 4-3. Containerships: Number of ships constructed per year.
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Figure 4-4. Containerships: DWT constructed per year.
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Figure 4-5. Containerships: TEU capacity constructed per year.
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Figure 4-7. Containerships: Vessel beam vs. year constructed.
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Figure 4-8. Containerships: Vessel design draft vs. year constructed.
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Figure 4-9. Containerships: Vessel length-to-beam ratio vs. year constructed.
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Figure 4-11. Containerships: Vessel length-to-draft ratio vs. year constructed.
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Figure 4-13. Containerships: Vessel L/B vs. DWT.
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Figure 4-15. Containerships: Vessel L/T vs. DWT.
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Figure 4-16. Containerships: TEU capacity vs. DWT.
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Figure 4-17. Containerships: B/T vs. TEU.
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4.2.2 RO/ROs

Rall-on/roll-off vessdls (RO/ROs) are often included in the general cargo category (as they
are in the NDNS report), but here are treasted separately because their dimensions and overdl
vesse characteridics are usudly ggnificantly different from those of other types of generd
cargo vesds. For example, B/T ratios for RO/ROs commonly fall between 2.5 to 4.0, while
for generd cargo vessds the range is ggnificantly lower — typicaly between 2.0 and 3.0.
Also, L/T ratios for RO/ROs commonly fdl between 15 and 25, while for generd cargo
vesdls the range is typicdly between 12 and 20. The reason for these differences is usudly
cargo dendgty and ease of arrangement with respect to loading practices. It is by and large
much esder to arange a generd cargo ship to effectively utilize cargo space below the
waterline, whereas it is more difficult to effectively utilize space bdow the waterline within
RO/ROs dnce series of interior ramps must be constructed to reach lower decks. RO/RO
cargo also tends to be less dense and not pack as tightly as generd cargo. For these reasons,
RO/ROs genegdly have shdlower drafts for equivaent length and beam dimensions than
generd cargo vessls.

Figures 4-18 through 4-29 illudrate the tempora and dimensiona characteristics and trends
of RO/IRO vesd types. It is interesting that nearly dl RO/ROs ae within Panamax
dimensons. Mogt of the larger (30,000 - 50,000+ DWT) RO/ROs were constructed in the
1970s, while most RO/RO congructed within the last decade were smaler than 30,000
DWT. With respect to time, L/B is decreasing, B/T is increasing, and L/T is remaning
relaively congtant for RO/ROs. These trends are not as evident when plotted rdative to
vesd sze.
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Figure 4-18. RO/ROs: Number of Ships constructed per year
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Figure 4-19. RO/ROs: DWT constructed per year.
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Figure 4-20. RO/ROs: Vessel length vs. year constructed.
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Figure 4-22. RO/ROs: Vessel design draft vs. year constructed.
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Figure 4-23. RO/ROs: Vessel length-to-beam ratio vs. year constructed.
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Figure 4-24. RO/ROs: Vessel beam-to-draft ratio vs. year constructed.
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Figure 4-25. RO/ROs: Vessel length-to-draft ratio vs. year constructed.
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Figure 4-26. RO/ROs: DWT vs. year constructed.
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Figure 4-27. RO/ROs: L/B vs. DWT.
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Figure 4-28. ROR/ROs: B/T vs. DWT.
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Figure 4-29. RO/ROs: L/T vs. DWT.
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4.2.3 General Cargo/Breakbulk

Figures 4-30 through 4-41 illustrate vessdl trends and characterigtics of generd cargo vesss.
Interestingly, the predominate sSize range of general cargo carriers has decreased from 10
20,000 DWT in the early 1970's to less than 10,000 mogt recently. This is mostly because
the mgority of large-volume cargo transport is done through specidized vessd types, eg.,
containerships.

Tempordly, L/B for these vesss is clealy sgnificantly decreasing, B/T is increesng and
L/T is decreasing. A decreasing trend in B/T is dso evident with respect to DWT. Each of
these trends seen in generd cargo/breskbulk cargo vessd characteristics is more significant
than those seen for other vessdl types.

400
W 40K+DWT
350 O30K-40K —
i, W 20K-30K
300 HH 010K-20K —
i O<10K
250 H H —
0 g I E
=200 HHHHH el el
(9] . . - []
H
150—-—_———————————l—i—I ] 7 M-
100 H HHH HHHHHH HHHHHT — HHHHH
50 HHHHHHHHHHHHHHHA = _____F
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1970 1975 1980 198 1990 1995

Year

Figure 4-30. General Cargo/Breakbulk Ships: Number of ships constructed per year.
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Figure 4-31. General Cargo/Breakbulk Ships: DWT constructed per year.
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Figure 4-33. General Cargo/Breakbulk Ships: Vessel beam vs. year constructed.
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Figure 4-34. General Cargo/Breakbulk Ships: Vessel design draft vs. year constructed.
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Figure 4-35. General Cargo/Breakbulk Ships: Vessel length-to-beam ratio vs. year constructed.
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Figure 4-36. General Cargo/Breakbulk Ships: Vessel beam-to-draft ratio vs. year constructed.

36 Analysis and Key Findings



DRAFT FINAL REPORT: Shipping Trends Analysis for
Impacts of Navigation Trends on Channel Usage and Design

35
30 *
|
25 , ——!
I 0” ’I hy i, :I|’ I'l
20 ERENIR A (IR M LA
= . I.I::l‘ ik ii ‘: 11 114‘11" “‘<<+'
- 1 ] 44 11 ol
15 ¢! e 'i:.< 13K 1‘ 1 179 ¢ i8¢ 1]
. i II & 1 || e ¢l¢ll,
g
10 st
1
5 ' '
O T T T T T T
1940 1950 1960 1970 1980 1990 2000 2010
Year

Figure 4-37. General Cargo/Breakbulk Ships: Vessel length-to-draft ratio vs. year constructed.
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Figure 4-38. General Cargo/Breakbulk Ships: Vessel deadweight tonnage vs. year constructed.
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Figure 4-39. General Cargo/Breakbulk Ships: Vessel L/B vs. DWT.
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Figure 4-40. General Cargo/Breakbulk Ships: Vessel B/T vs. DWT.
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Figure 4-41. General Cargo/Breakbulk Ships: Vessel L/T vs. DWT.
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4.2.4 Dry Bulk

Figures 4-42 through 4-54 illugrate various tempord and dimensona trends of bulker
parameters.  As with many of the vessd types investigated, bulker congtruction experienced a
severe drought in the late 1980's, but appears to be recovering and increasing steadily over
the past decade. The mgority of new congruction has shifted from under 25,000 DWT in
the 1970s to 100,000 DWT presently. Because of this shift in vessd sze, anua DWT
constructed in 1998 has exceeded that a any other year even though there were far fewer
ships being produced than in the 1970’ s and early 1980's.

A “Panamax-bregkpoint” is evident in figure 4-45. Bulkers are ether clearly designed to
Panamax limits (B £ 33 m) or they brashly exceed the limit. In other words, there are dmost
no vesselsthat are just dightly post-Panamax.

Recently, there is a dearth of vessd congruction of bulkers between 100,000 DWT and
150,000 DWT; most recent vessd congructions are ether kss than 100,000 DWT or greater
than 150,000 DWT.

For bulker congruction, L/B is decreasing, B/T is increasng and L/T is remaning congant
with respect to time. In addition, DWT/LBT is dso notably increesng tempordly. This
means that more cargo can now be carried on a vessd with given nomind length, beam and
draft dimensons than was formerly possble.  This goparent increase in cargo capacity is
likdy due to two factors (1) vessdl propulson sysems have become smdler and lighter,
dlowing the freed-up space and weight to be replaced by additional cargo, and (2) block
coefficients are increasing, i.e, vessd hull shapes are becoming boxier, so tha more
submerged volume and therefore displacement is created within the “outling’ of LXBXT (see
Figure 2-3 for claification).
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Figure 4-42. Dry Bulkers: Number of ships constructed per year.
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Figure 4-43. Dry Bulkers: Deadweight tonnage constructed per year.
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Figure 4-46. Dry Bulkers: Vessel design draft vs. year constructed.
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Figure 4-47. Dry Bulkers: Vessel length-to-beam ratio vs. year constructed.
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Figure 4-48. Dry Bulkers: Vessel beam-to-draft ratio vs. year constructed.
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Figure 4-49. Dry Bulkers: Vessel length-to-draft ratio vs. year constructed.
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Figure 4-50. Dry Bulkers: Vessel deadweight tonnage vs. year constructed.
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Figure 4-53. Dry Bulkers: Vessel B/T vs. DWT.
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Figure 4-54. Dry Bulkers: Vessel L/T vs. DWT.
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4.2.5 Tankers

Tanker vessdl characteridics are plotted in Figures 4-55 through 4-66. Tanker Sizes
increased rgpidly until 1975, a which point they dramaticaly declined. Condruction activity
recovered dowly. Present maximum vessd sizes have leveled off a about 300,000 DWT.
As can be seen in Figure 4-63, there is quite a remarkable void in vessd congruction
between 150,000 DWT (approximate Suez-max limit) and 250,000 DWT (ULCC) sized
vesHs.

Despite the wild fluctuations in tanker vessel dSzes condructed, there ae clealy
diginguishable trends in non-dimensond parameters.  Like dl of the other vessd types, L/B
is decreasing, B/T is increesng and L/T is remaning roughly condant. Figure 4-64 is
paticularly telling of trends During vessd desgn and congdruction in the 1970's, where
essentidly an absence of port congderations existed (that is, most ULCCs never actualy
entered a port and therefore never transited a channd) L/B values ranged fom 6.0-7.0, and
B/T vaues ranged from 2.0 to 3.0. However, during the 1990's, when vessds were more
moderately sized so as to enable port entry and channd passage, L/B vaues ranged from 5.0-
6.0 and B/T vaues were typically between 2.5 and 3.5.
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Figure 4-55. Tankers: Number of ships constructed per year.
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Figure 4-56. Tankers: DWT constructed per year.
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Figure 4-57. Tankers: Vessel length vs. year constructed.
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Figure 4-58. Tankers: Vessel beam vs. year constructed.
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Figure 4-59. Tankers: Vessel design draft vs. year constructed.
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Figure 4-60. Tankers: Vessel length-to-beam ratio vs. year constructed.
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Figure 4-61. Tankers: Vessel beam-to-draft ratio vs. year constructed.
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Figure 4-62. Tankers: Vessel length-to-draft ratio vs. year constructed.
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Figure 4-63. Tankers: Vessel DWT vs. year constructed.
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Figure 4-64. Tankers: Vessel L/B vs. DWT.
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Figure 4-65. Tankers: Vessel B/T vs. DWT.
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Figure 4-66. Tankers: Vessel L/T vs. DWT.
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5. Conclusions

This report has summarized current and expected future trends within the internationd
shipping industry. Also presented is a detalled andyss of trends in some critical vessd
characteritics over the past 30 years for five groups of commercid vessds namey
Containerships, RO/ROs, Genera Cargo/Breakbulk Vessds, Dry Bulkers and Tankers. It is
the combination of the industry trends and the vessd trends tha culminates in the following
generd and specific conclusons regarding shipping trends.

A dealy rdevant finding contaned within the NDNS report is that contanerization is
deadily increesing. Also, while tankers and bulkers may transport the most cargo by
tonnage, containerships typicdly cary cago with the highet vadue to weght rétio.
Therefore, even if bulk cargos continue to outweigh containerized cargos, the containerized
cagos may likdy “outvadue’ the bulk cargoes. In terms of the nationd economy, more
emphass and attention may need to be placed on containerized cargo and containership
traffic concerns.  Another finding is tha economies of scde are continudly driving cargo
capacities higher for dl vessd typesinvestigated here.

It is gpparent that for al vessd types invedigated during this INTUDE andyss, the
foIIowmg changes in characterigtics have been observed:
L/B isdecreasing for dl ship types.
B/T is increasing for dl ship types. Containership B/T is increasng more dowly than
other vessdl types. Figure 51 shows a linear legresson of B/T data vs. year plotted
for each vessd type andyzed.
L/T iseither not changing or decreasing dightly for al ship types.

The resultant effect of these changes trandates into the following dimensiond changes:
Vess= beam isincreasng more quickly than length and draft.
Length isincreasng more dowly than beam, a approximately the same rate as draft.
Dréft isincreasng more dowly than beam, a gpproximately the same rate as length.

These systemdtic trends across dl vessd types indicate that there must be some underlying
causes that are driving vessel designers to increase vessels beam dimensions more quickly
than length and draft dimensons. In other words, there must be redtrictions on vessel length
and vessd draft that do not exist for vessel beam.
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Figure 5-1. Beam-to-draft ratio (linear regression) vs. year constructed for different vessel types.

The length redtriction is mogt likdy tied to port beth length limitations. Other length
redrictions exist for lock passage, but for vessals without lock trandts within their voyages,
the berth length is the remaining insurmountable limitation on length.

The cause of the draft restriction may be a depth “barrier,” manifested by channe depth and
depth increase condraints that prevent — or a the very least discourage — vessd designers
from increasing design drafts as quickly as they would otherwise choose to increase cargo-
carying cgpacity. Although the domestic and international channdl design process is set up
S0 as to be able to accommodate larger vessals if proven economically advantageous, the fact
is that channed deepening projects often require 10-20 years before completion. From the
shipper’s standpoint, when placing a vessdl with an assumed 30-year design life into service,
it is unlikdy thet the shipper will want to light-load a vessdl for one-third to two-thirds of its
savice life Ship desgners will therefore drive to accomplish larger cargo capecities by
modifying other avaldble vessd dimensons — namey, beam, length (to a lesser extent
because of previoudy mentioned condraints), and Cg (block coefficient). The decrease in
propulson plant szes has dso made ship space available for cargo; however, the vessd
desgner usudly has less direct control over changes in szes of power plants, which are
typicaly technology-driven. In brief, the vessd desgner will most likely choose to increase
vessdl beam and block coefficient to accommodate more cargo. While this will hinder
maneuverability, it will alow the larger cargo shipment to get through the channd.

Another limitation affecting length and draft may be directly economic. As can be seen in
Table 2-1, pilotage and pier renta costs are often a function of vessd length and draft, but
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not beam. Therefore it is less expensve on a per-trip basis to have a wider ship than one that
islonger or deeper for the same tonnage.

Regional Trends

Figures 5-2 and 5-3 summarize some of the regiond vessd traffic findings from the NDNS
report.  Specificaly, Figure 5-2 indicates the projected increase in annua numbers of vessd
cdls in 2020 over the number of cals experienced in 2000 by vessd type and U.S. region.
Figure 5-3 normdizes those numbers as percentage increases. As can be seen from the two
plots, dthough the Atlantic Coast will experience the largest increese in numbers of
containership cdls, the gulf coast will experience the largest percentage increase in
containership traffic, more than quadrupling the presently experienced containership traffic.
The relevant primary issues and concerns are summarized below in Table 5-1.

Table 5-1. Summary of shipping trends and impacts on channel design for different U.S. regions.

Summary of Shipping Trends and Channel Design Concerns

Atlantic - There is a significant projected increase in containership and general cargo vessel
Coast traffic on the Atlantic Coast over the next 20 years (92% and 185% respectively).
It is likely that the vessels involved will have higher beam-to-draft ratios, causing
greater channel blockage effects, and associated increased squat. The vessels
are likely to operate more slowly and require tug assist more frequently.
As even larger container cranes become standard at portside installation, there
will certainly be a new containership beam “boom” to expand to meet and take
advantage of the new crane reach capacity(ies).
The increased beams, the potential increased use of tugs, and the high wind area
of containerships will require greater channel width, and may still impact bank
suction and erosion effects, and well as impact vessel traffic patterns.

Gulf - The Gulf Coast is projected to see the greatest increase (percentage-wise) in
Coast containership traffic over the next 20 years — more than 350%. The issues
mentioned for the Atlantic Coast apply here.
An additional complication is introduced regarding traffic congestion. Most of the
Gulf Coast ports are already heavily congested and this projected boom of
container traffic is likely to worsen the situation. More emphasis must be placed
on vessel passing and other routing issues.

Pacific - The Pacific Coast is projected to see significant and relatively equal increases in
Coast Containership and Tanker traffic (150% and 131% respectively). The same
issues affecting Atlantic Coast channel design apply here.
The blockage factor issue may be more critical since a large percentage of the
additional vessels will be non-containerships whose beams can be increased

more easily.
Great - Significant changes to vessels designed for use in this region are not likely. Most
Lakes vessel transits are already constrained by one or usually several lock passages,

and until lock dimensions are significantly modified, vessel dimensions are not
likely to change. Vessels are already designed to maximum dimension limits.
Changes in channel design due to shipping trends would primarily include
congestion and one-way vs. two-way traffic issues. In order to transport more
cargo and accommodate more visits, vessel traffic density must increase since
vessel size cannot.
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Figure 5-2. Projected increase in annual number of port calls from 2000-2020.
(Data source: NDNS draft report.)
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Impacts of Tug Assist

As mentioned previoudy, these shipping trends may lead to vessds operating more dowly
and, because of maneuverability concerns, the dowed vessels may require tug asssance. If
more and more vessds require the use of tugs to maneuver safdy through navigation
channds, other issues related to channd design and safety may be introduced. Fird, a vessdl
with tug assist usudly occupies more channe width and/or more channd length than a vessd
operating independently. This introduces the fact that a channd origindly desgned for say,
a 100-ft beam vessd is now accommodating a “compound vessd” with a beam sgnificantly
larger than 100 ft — up to 20% or more. These larger compound-vessd dimensions impact
not only the required linear dimensons of the channd (eg., a wider chand may be
required), but dso may redrict passing within a chand (i.e a two-way channd may be
restricted to one-way use).

Even if two-way traffic can ill be managed usng one or both vessds under tug assg,
another complication is introduced. Much of the hydrodynamics of passng vessds has been
sudied and andlyzed for independent vessels, there is not much information on the effects of
tug presence on the hydrodynamics in the vicinity of the vessd.

Final Observations

It is imperative tha channd desgn and mantenance be intimately linked to channd usage
and vessel desgn. When there is a digoint between channed desgn or maintenance
procedures and channd usage or vessdl design, the safety or economics of shipping will be
compromised. A gmplified schematic of the interrdatiion between channd design, vess
desgn, channd usage and sdfety/efficiency issues is shown in Fgure 5-1. The arrows
indicate communication or feedback reationships, with the dotted arows dgnifying
relationships that have opportunities to be strengthened.

At present, there seems to be sporadic transfer of design information between channe
desgners and vessdl desgnes.  The present channd design practice involves in-depth
congderation of only two vessd characteristics DWT and draft. While DWT s insgparably
linked to the economics of shipping, there are many complexities introduced when design
draft is considered without looking &t other vessdl characterigtics.
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Figure 5-4. Schematic of select items involved in iterative process of channel usage.

Dashed lines indicate relationships that can be strengthened.
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Appendix A. A Brief Discussion of
Common Commercial Merchant Vessels®

A ship’'s cargo capacity, speed, power, and bunker capacity (Space alocated to carrying fuel)
can be chosen to suit the annual amount of cargo a shipowner wants each ship or a fleet of
ships to carry on a paticular trade route, with ships caling a each port on the route on a
regular published schedule. Ships operating in this kind of service are known as cargo liners.
Cargoships that do not operate on regular schedules or designated trade routes, but are
prepared to cdl at any port as needed and to transport any type of cargo to any other port
within their operating range, are cdled tramp ships. Tramp ships tend to be somewhat
gamaller and dower than cargo liners.

In the early days of sdf-propdled dsed ships, virtudly dl cargo ships were generd cargo
ships or “breskbulk” ships. They were desgned to carry any kind of dry cargo, lifting it
aboard with their own cargo-handling gear.  The modern trend in cargo ship design is toward
gpecidization, ether in regard to how the cargo is carried (in bulk, in containers, in barges, in
vehicles) or to the type of cargo (cil, chemicas, ore, grain, lumber, liquefied gases). These
specid types have not supplanted the generd cargo ship entirdy, but for many trades they
predominate because they are more efficient as part of an over-dl trangportation system.

In the ship descriptions that follow, the features of each specid type that digtinguish it from
other types are emphasized. Differences will be found modly in the sze and arrangement of
the cargo spaces which make them suitable for specia kinds of cargo, in the type of cargo-
handling gear indtdled, and in the nature of the provisons made to access the cargo spaces
for efficient loading and discharging.

A.1 General Cargo

Generd cargo ships often carry cargo of various types, but the term “general cargo” usudly
refers to cargo that has been containerized, pdletized, or is otherwise too large to be handled
by conventiond bulk-type techniques (see below). Although it may be confusng that
“genera cargo” is liged here as a main category and again as a sub-category, it is not a
typographical error.  Strictly spesking, general cargo vessels encompass a wide variety of
vesH types, including containerships, RO/ROs, etc. However, the term “generd cargo
vesd” is more commonly applied to the smdler vessds with diverse cargo-handling
capabilities, as described later in the subsection.

If a group of smdl packages of generd cargo is combined into a larger unit before being
placed aboard ship, the cargo is sad to be unitized. Various methods of unitizing cargo have
been developed and gecid ships have evolved to take advantage of the increase in efficiency
of cargo handling that unitization can achieve.

® This appendix includes sections extracted from Robert B. Zubaly’ s Applied Naval Architecture, Cornell
Maritime Press, Centreville, MD, 1996.
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A.1.1 Containerships

Containerships are the most ubiquitous of the unitized cargo ships and perhaps the
most well-known genera cargo vessd.  Containerships are specidly desgned and
outfitted to cary cargo that has been unitized by packing it into sandard size
containers. The advantages to be gained by containerization of cargo are numerous,
for example:

Cargo-handling time and the manpower required for cargo handling are
reduced dgnificantly, especidly in the vertica cdlular type of container-
ship, in which containers never have to be shifted transversely or fore and
aft after they are lowered into the ship, and lashing, packing, and tying
down of cargo insde the holds are iminated.

Containerized cargoes dlow for the intermodal (road, ral, sea) transport
of goods with minimum time spent in transferring cargo between modes.
Containerized cargo, if it is properly stowed in containers a the point of
origin, is less prone to damage of goods during trangt than breakbulk
cargois.

Since the containers can be locked and sedled at the point of origin and not
opened except a the find dedtination point, containerized cargo is less
subject to pilferage than breakbulk cargois.

Containers keep the cargo inside protected againgt the wesather, so a ship’'s
cago capacity can be extended when carrying containers by stowing
sgnificant numbers of containers on the weeather deck.

The concept of the containership arose in the 1950s out of the desire to reduce the
time that a cargo ship spent in port, which was about 50 percent of its time for a
typical breskbulk operation. Early containerships, which were converted from other
types, soon gave way to the specid designs of containerships that are so common in
the mgor finished goods trade routes of the world today. In the pure containership, dl
cargo is unitized, and the containers are built to standard dimensons developed by
international agreement o tha they are compatible with the cdl guides indde any
containership and with the specid fittings that are inddled on the decks of the ships
and on the flatbeds of trucks and railcars for transport over highways and ralroads.
The universally adopted container width is 8 feet (2435 meters). Severa modular
lengths are provided for in the standards, the most common lengths in use being 20
feet (6.055 m) and 40 feet (12.190 m). Longer containers in the 45-foot range have
come into use in thel990s. When container sizes were firg standardized, a height of 8
feet (2435 m) was adopted, but in fact, it is not necessary to standardize the height
since it does not affect the desgn of any hardware or fittings, but only the height of a
stack of containers, which may be varigble. Dry cargo boxes of 85 feet height are
common, and specid-purpose boxes for liquid tanks, granular materias, refrigerated
goods, and opentop boxes for odd-szed loads may have heights that vary
consderably.
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The typica large containership has most or dl of the container holds forward of the
deckhouse and engine spaces, s0 that the engine room, deckhouse, and navigating
bridge are in ether the aft or nearly aft podstion. There are exceptions. some of the
larger ships have been provided with a smdl house and navigeting bridge forward to
improve the forward vishility, which becomes a problem when many tiers of
containers are stacked on the deck forward of the whed-house. Most of the pure
containerships have no shipboard container-handling gear, since they depend on the
giant container-handling cranes located ashore a the container ports to which they
trade. Many kinds of specid vehicles and lifting devices have been developed to
provide for efficient handling of containers within the termina where the boxes are
taken off trucks or ralcars, stacked temporarily, and ultimately moved to and placed
aboard the containership. The operation has become so efficient compared with the
old breskbulk methods that containerships have supplanted dmost al breskbulk
cago liners in the mgor trade routes for manufactured goods. Breskbulk ships
remain essentia, of course, to serve ports where container-handling equipment is not
avalable, and to carry cargoes that are not suitable to be stowed in containers (sted
rails, plates and shapes, and timber, for example).

The “cdlula” type of containership, which is the most common of the pure
containership types, is characterized by the fact that no containers have to be moved
or handled after they are lowered into the hold of the ship. To accomplish this, the
holds are fitted with container cell guides made of sted angle bars standing verticdly
and postioned o tha a sandard Sze container fits into a cell without jamming, but
securely enough againg shifting that it needs no provisons for being tied down or
other-wise secured. Each container in a given cdl stacks on top of the one beow
until the cdl is filled to the deck. Since the deck must be open above dl cdls
hatches of containerships are very large. They are made as wide as possible, but
some space a the ship sdes outboard of the container cells is necessary in order that
there be adequate deck structure to provide for the required longitudind structura
srength of the ship. There are no lower decks, only the tank top above the double
bottom tanks and the main or weather deck. After the holds or cels are filled, hatch
covers are fitted, and specia fixtures on the deck and on the hatch covers provide for
gacking from two to four tiers of containers on the deck. The deck-stowed containers
ae secured by lashing or by specidly designed buttress dructures.  The cargo
capacity gained by sowing containers on the deck makes up for the inefficient
utilization of the cubic space indde the ship that occurs because the box-shaped
containers cannot be fitted negtly into curved, ship-shaped holds.

A.1.2 RO/ROs

Ships on which wheded vehicles are loaded by driving them aboard usng specid
ramps and doors for the purpose are cdled “RO/RO” ships, for “roll-or/roll-off.”
Prior to the devdopment of the contanership, RO/RO ships (then usudly caled
“tralerships’) were used to carry truck tralers loaded with high-value cargo. When
cdlular contanerships came adong, however, tralerships were not competitive with
them, because the large amount of wasted space taken up by the wheds and chassis of
the tralers made them inefficent as compared to the lift-onflift-off (“LO/LO”)
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arangement of the containerships. In contragt to the inefficient use of cargo volume,
however, RO/RO ships ae extremdy efficent in cargo-handliing. They have fagter
cargo-handling rates and quicker turnaround times (shorter port time) than most other
types of ships.

To reduce wasted cargo space volume, many modern RO/RO ships employ specid
wheded dollies carying cargo-filled containers to move onto and through the ship,
raher than the regular over-the-highway truck bodies caried by the origind
tralerships. Also, as the RO/RO ships evolved and were custom designed for
particular trade routes, many of them have become combination cariers, perhaps with
containers stacked on deck and RO/RO decks below. Today, the RO/RO feature is
adso usad when the payload itsdf congds of vehicles — that is, for the trangportation
of automohiles, trucks, and military vehicles.

The paticular configurations of RO/RO vessds are endless in the variety of types and
locations of ramps and loading ports that they employ, but dl of them mus have
some ramps or eevators that enable the cargo to be loaded by driving vehicles about
the ship. Unlike a barge ship that can load and discharge barges far from a pier or
roadstead, the RO/RO ship must be able to berth right next to a suitable shoreside
fadlity. Those tha employ only stem ramps, however, need only a minima amount
of berth space, if their anchoring gear is sufficient to keep them in postion while
loading and discharging cargo. Ramps carried aboard ship are unfolded and extended
to the shore to meke roadways from ship to shore on which the vehicles can be
driven. Ramps and the doors into the ship may be located a the stem, on the side, and
sometimes even through the bow. The ramps must be adjustable so that the ship can
load a varying stages of the tide. Traffic lanes within the ship and ramps are usudly
aufficiently wide tha loading and discharging of the vehides can teke place
amultaneoudy. This capability contributes to the high cargo-handling effidency of
these ships.

RO/RO ships usually have many decks, since only one layer of cargo can be placed
on each deck. If some of the cargo spaces are dedicated exclusively to the carriage of
ordinary passenger cars, they can be built with very low overhead clearance, or
removable platform decks may be used to convert one deep hold space into two or
more car decks. There are other specid features of RO/RO ships that do not have to
be contended with in other types of ships. Among them are the need for very large
openings in the transverse bulkheads (the bulkheads are needed to limit flooding in
the event of a collison) for the vehicles to pass through. The openings must be fitted
with heavy watertight doors that must be gasketed and secured before the ship puts to
sea. A subgantiad and reliable ventilation sygsem must dso be inddled throughout
the cargo holds to clear out the noxious exhaust fumes produced by the vehicles
during loading and discharging operations. The deck dructure requires specid
attention as well, since the decks must support very heavy vehicle loads.

A-6

Common Commercial Merchant Vessels



DRAFT FINAL REPORT: Shipping Trends Analysis for
Impacts of Navigation Trends on Channel Usage and Design

A.1.3 General Cargo/Breakbulk

Genera cargo ships transport al kinds of packaged goods. The cargo spaces, or
holds, are separated by transverse bulkheads to limit flooding in case an accident
should occur. A double bottom for protection againg flooding caused by grounding
ads forms the main fud oail tanks cdled double bottom tanks. Generd cargoships
range from about 430 to 560 feet in length (130-170 meters), and their deadweight
(totd weight capacity of cargo, fuel, water, and stores) might be between 12,000 and
17,000 tons. Sea speeds of 14 to 25 knots are common, the lower speeds pertaining to
tramps and the higher speeds to liner services. Commonly, the man spaces on the
ship are arranged with from three to five cargoholds forward of the deckhouse and
machinery spaces, and one or two holds aft. In some cases the machinery space is aft
and all cargo spaces are forward of it.

Each main cargo hold space conssts of a deep lower hold just above the double
bottom space, plus one or two deck spaces above the hold, depending on the size of
the ship and the number of decks. Access to the holds is through weethertight hatches
in the decks. Hatches are made as large as posshble without weskening the deck
sructure, so that the need for moving cargo longitudindly and laerdly after it haes
been lowered through the haich is minimized, thus making cargo handling as efficient
as possble. The traditiond arangement of a single line of hatches, one centered on
each hold, has been largely replaced by twin and three-across hatch arrangements to
open more of the cargo space below to direct access by the cargo-handling gear. Even
with the largest possble hatches, however, some of the cargo loaded into a generd
cargo ship has to be handled individuadly insde the hold space by manhandling or by
forklift trucks, and dl of it has to be secured to or wedged againg the internd ship
dructure or to other cargo to prevent it from shifting and sustaining damage after the
shipisa sea Cago stowage of breskbulk cargo, which arives in individud lots as
opposed to being consolidated into larger units on palets or in containers, is thus a
process that requires condderable time, manhours, and the skills of traned
stevedores.

Generd cargo ships ae outfitted with shipboard cargo-handling gear cgpable of
lifting aboard and lowering into the hatches a great variety of dry cargoes. The
traditiona gear condsts of cargo derricks mounted on deck between the hatches. The
derricks have dationary veticd poss (cdled meds if they ae dngle and on
centerline, kingposts or samson pogts if they are in pars) and movable booms pivoted
to the masts or kingposts near their bottoms. Cargo booms rigged with wire ropes and
hooks are positioned over the pier and over the hatch during cargo loading so that the
cargo can be lifted aboard. Numerous patented pivoting cranes and gantry cranes that
run on tracks along the sdes of the deck are dso employed on modem cargo ships
ingtead of derricks. Compared to derricks, cranes require minima rigging, and many
desgns have been shown to be superior to the traditiond gear in cargo-handling
efficiency. Cargo-loading efficiency is dso improved on some ships by having cargo
Sde ports in addition to the hatchesin the deck.
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Flexibility and adaptability to dl kinds of cargo are the hdlmarks of the generd cargo
ship, so they usudly have some provisons for cargoes other than packaged dry
goods. For example, they are often equipped to carry liquid cargoes in cargo tanks,
and they may have one or more insulated refrigerated holds for trangporting food or
fish.

Barge Carriers

Barge-carrying cargo ships teke the concept of unitization to an extreme in terms of
the size of the unit load placed aboard te ship. A fully loaded 40-foot container may
weigh as much as 30 tons, but the largest of the barges carried by some barge carriers
can contain as much as 834 tons of cargo and weigh as much as1,000 tons when
loaded to capacity. Thus the barge carriers have reduced port time to the minimum
possble so far. What the barge carrier achieves is a sort of physica separation of the
sdf-propdled ship from its cargo holds, each of which can float and be handled by a
tugboat or pushboat in the port area and on nland navigable river routes as well. The
barges are 0 large that they can be stowed with virtualy any kind of cargo, even
including loaded cargo containers.

There are two methods of loading large barges onto the barge ships, and specid ship
designs have been created for each type. In one system, the loaded barges are lifted
aboard the barge ship over the stern. This system is popularly known as the LASH
system, which stands for "Lighter Aboard Ship." Each barge, or lighter, can carry up
to 370 tons of cargo. A shipboard gantry crane of 500-ton capacity rides on tracks that
run aong the edges of the deck and along cantilevered extensons of the deck that
protrude from the stem of the ship. The barge to be loaded is floated up to the stern of
the ship and lifted by the gantry crane when it is cler of the deck, the crane
trangports it forward and lowers it into one of the holds of the ship. Additional barges
are stowed on deck on top of the hatch covers. Severd sizes of LASH ships have
been built, the largest of which can carry 89 barges.

The second principa barge-carrying ship system, called the Seabee (for sea barge), is
designed to cary even larger barges — the 834-ton-capacity barges mentioned above.
The loading system for these extremey heavy barges conssts of a large devator, the
platform of which is large enough to carry two of the barges, each of which is 97.5
feet (29.7 m) long by 35 feet (10.7 m) wide. The eevator spans the stem of the ship
and it can be submerged during loading so that te barge can be floated in place over
the elevator platform. The Seabee ship has three decks with no hatches, snce access
to the decks is through the stem. After a pair of barges is lifted by the devator to the
level of the deck that is being loaded, rolling transporters engage each of the barges
and move them forward to a stowed position on the deck.

The rapid turnaround of barge carriers in port is atributed not only to the fact that
relatively few units eech of very large size need to be handled, but aso because these
ships do not require dock or pier space or any specid handling equipment furnished
by the port. Thus they are not subject to delays caused by port congestion that require
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other types of ships to line up and wait their turn a a loading facility. Barge cariers
have been found to be most useful in trades that involve ports that give access to
Subgtantia  navigable river networks. For example, the port of New Orleans in the
United States is the principa barge ship port because it is the entrance to the vast
Missssippi River system.

A.2 Bulk Cargo

Bulk vessds are defined as those that carry cargo tha is homogeneous and in particle or
liquid form and can be transferred by pumps, blowers, conveyers, or grab buckets. Bulk
vessds indisputably carry the largest quantity of cargo by weight and volume, yet usudly the
cargo hasrelativey low vaue as compared to generd cargo.

A.2.1 Dry Bulk Vessels

Second to tankers in the worldwide tonnage of cargoes carried each year are the dry
bulk carriers. Their cargoes are contained in their holds without packaging, and they
are usudly loaded aboard and discharged by shoresde cargo-handling gear. Typicd
cagoes caried by dry bulk ships are iron ore, cod, bauxite (aduminum ore),
phosphate (a rock used to make fertilizers), grains, and raw sugar. Forest products,
sed products, and cement are also transported as bulk cargoes. Although shipowners
try to engage their bulk carriers in trades in which some kind of bulk cargo is moving
in both directions, this is not dways possble, and many trades are one way, the return
trip being made in bdlag, like crude oil tankers.

Ship characteridtics typica of dl bulk ships are that they tend to be large with a angle
deck, have machinery and deckhouse &ft, large haiches, and no cargo gear. Although
the dengties of the various cargoes carried vary consderably, most bulk materias are
more dense when stowed than typica packaged or generd dry cargo. Therefore the
cargo spaces need not be so voluminous. The result is that bulk ships, like tankers,
have a congderable amount of void space insde the hull when they are fully loaded,
and the actud volume of cargo occupies only a smal amount of the avalable internd
gpace. The cargo spaces are concentrated about the ship centerline, with wing tanks
on both sdes. The lower parts of the holds are often hopper-shaped with doping
ddes, s0 that the cargo settles to a centra location as it is discharged, making the
discharging operdtion efficient. All gSructurd diffeners that strengthen the hold sides
and bottom are welded on the outside of the plating, making each hold a "smooth sde
ingde" space which facilitates the complete remova of dl cargo.

Ore Carriers

Iron ore is the most dense of the bulk cargoes carried in bulkers, and the single-
purpose ore carrier has specia features as a result. Ocean ore cariers in the Sze range
from 25,000 to 100,000 deadweight tons are commonplace. The cargo is so dense and
the space needed to contain it is so small that wing tanks are quite wide and the inner
bottom is very deep. The deep double bottom is provided to keep the heavy cargo
centered about at mid-depth of the ship hull, so that satisfactory stability is achieved.
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The bottoms of the holds require extra structural support undernesth because of the
large impact loads that occur during cargo loading. Many ore ships have no cargo-
handling gear and depend on shore-based equipment to load and discharge cargo.
Some, however, are sdf-unloaders, which makes the unloading operation highly
efficent. In a sdf-unloader, each hold has hopper doors in its bottom, which are
opened to deposit the ore on a moving belt ingaled within the double bottom space.
The ore is then transported to other belts or buckets at one end of the cargo section
that lift it to deck level and depost it on a long boom containing another bt tha is
swvung over the side of the ship to depost the ore on the shore. The modem trend
seems to be more toward sdf-unloaders, so there are numerous versons of
specidized unloading equipmernt.

A unique ore carier design is the Great Lakes ore carrier. Because of specid draft
and other Sze redrictions in the ore route from the western reaches of Lake Superior
through Lakes Huron and Erie or Michigan to their unloading ports, these ships are of
very different proportions than their oceangoing counterparts. They are extremdy
long, narrow, and shallow, and have a very boxy hull shape.

The largest of these “boats’ (a traditiond Great Lakes appdlation for these vesss,
no matter how large they are) are sized solely by the dimensions of the Poe Lock at
Saulte Ste. Marie (the "Soo") between Lakes Superior and Huron. They are 1,000 feet
(305 m) long, 105 feet (32 m) wide, and may have a draft of no more than 32 feet (9.8
m).

Grain Ships

Grains were among the earliest bulk cargoes to be carried by ship, and they compose
an extremey active trade today. Grain ships are configured much like other bulkers,
but they are not so large; the typicd sze ranges from 40,000 to 60,000 tons. Because
grains are not as dense as most bulk cargoes, the hold sze of a grain ship takes up
most of the ship’s cross section, and the double bottom is not so deep as that of an ore
carrier. The grain cargoes do present a aticular problem. As the ship ralls, the grain
near the surface of the load can shift Sdeways and not return to its origina pogtion.
The ship will then take a list to one Sde, and later severe rolling motions may cause
further hifting, ultimatdy resulting in the capszing of the ship. Because of this
unique hazard, very drict regulations are in place for the proper stowage of gran
cargoes. Its influence on ship desgn is that the grain hold has triangular tank spaces
a both sdes of the upper corners of the hold that dope inward to form a narrow
vertical trunk at the top of the much wider hold space. When loading the grain, care
must be taken to be sure that the grain level stacks up wel into the trunk. The width
of the grain surface is thus much reduced, and very little grain can shift as the ship
rolls.
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A.2.2 Tankers

Tankers are liquid-cargo cariers. Thar szes vary from very andl to the largest
congtructed marine vessdsin the world.

Crude Oil Tankers

During the post-World War 1 time period when dry cargo ships were evolving in
complexity, degree of specidization, and speed, a different sort of evolution was
taking place in the design of oil tankers-an evolution in Sze. The growth of the crude
oil tanker from the typicd 20,000-deadweight-ton sze of the 1940s was a first
gradual, to about 100,000 tons by 1960 and 150,000 tons by 1965, but it became
explosve during the time the Suez Cand was closed (for seven years, from 1967 to
1975), because the long route from the ailfidds in the vicinity of the Perdan Gulf
around the Cape of Good Hope to Europe and North America made the smaler ships
uneconomica. Since it was not necessary to limit ther Sze to navigate the cand,
economies of scae took over and the deadweight of the aude oil tankers increased to
about 350,000 tons by 1970, and ultimately to 560,000 tons in 1981. Inventing new
Uperlative terms to describe these giants became quite a chalenge, as “jumbo”
tankers were supplanted by “super,” “mammoth,” VLCC (very large crude carrier),
and ULCC (ultra large crude carrier). While such enormous ships can transport
massve quantities of oil economicdly, they are not without their problems. Since
loaded ULCCs have drafts that exceed 90 feet, very few ports have water depths
aufficient to accommodate them, so specia offshore mooring dations connected to
the manland by pipdine have had to be built to off-load them. Furthermore,
accidentd spills of cargo can pollute large areas of the sea and shorelines because of
the sheer quantity of oil that may be reeased. Another problem is that very few dry-
docking facilities are available to handle the largest of the ULCCS.

All tankers, whatever their Sze, have some characteristics in common. The standard
arangement has the engine room, deckhouse, and navigating bridge aft, even on the
largest tankers. The cargo spaces are divided into three tanks athwartships by a pair of
longitudind ail-tight bulkheads. The number of such sets of three tanks within the
cago section of a tanker depends on the ship's length, the dructurd need for
transverse bulkheads, and tank Sze requirements to limit the amount of pollution that
might result if the tank is damaged. Cargo tanks in mogt tankers extend from the
bottom plating to the wesather deck, there being no need for intermediate decks as in
dry cargo ships. The traditiond tanker has no double bottom tanks within the cargo
tank section of the ship, but antipollution regulations in the 1990s are becoming ever
more drict, and tankers with double bottoms and even with double sde skins are
being built and proposed to minimize the possble extent of pollution of the oceans
following marine accidents. Antipollution regulations dso require that tankers have
segregated bdlast arrangements-cargo tanks may not be used for seawater badlast
during the ballasted voyages when no cargo is aboard. This procedure reduces the
hazard of pollution caused by discharging oily bdlast into the sea It has the added
advantage of reducing corrosion of the stedl tark structures.
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Liquid cargo is loaded and discharged from tankers by high-capacity cargo pumps
located in specid pump rooms on board ship and connected to the tanks by a piping
system. Specid provison must be made to prevent explosve mixtures of ar ad ail
vgpor from developing during cargo-discharging and tank-cleaning operations. Inert
gas sysgems which replace discharged oil from a tank with a gas contaning no
oxygen, rather than with air, are typica of such specid provisons.

Although the extraordinarily large crude oil tankers mentioned above may be the
most spectacular development in tanker design and construction in recent decades,
they are not the only types worthy of mention. Crude oil tankers of about 80,000 tons
deadweight, built to comply with drict antipollution regulations and with drafts and
lengths restricted so that they can serve U.S. East Coast and Gulf Coast ports, are
numerous, as ae “Suezmax’ tankers, the largest tankers that can trandt the Suez
Cand, which are up to about 160,000 tons dead-weight.

Product Carriersand Parcel Tankers

Smdler tankers (typicaly 15,000 to 40,000 tons deadweight) are dso the norm for
transporting refined petroleum products. Product carriers are tankers that are outfitted
to cary severd different grades of refined products sSmultaneoudy without ever
having different products share the same pipdines or pumps, so that contamination of
products cannot take place. If pump rooms and piping sysems smilar to sngle
product tankers are fitted, he maximum number of different products is usudly four,
limited by the number of separate cargo pumps that can precticaly be indaled. In
some such tankers, often cdled parcd tankers, each tank is fitted with its own
submerged cargo pump, and more products can be caried without fear of
contamination. Specid materids and tank coatings can be in-dadled so that non
petroleum products and edible oils and liquids can dso be handled.

Chemical Tankers

The most complex pumping and piping systems are those on the chemicd tankers.
The deck of a chemicd tanker is covered with an eaborate maze of pipes, fittings,
and cylindrica tanks made of specid maerids to carry smdl quantities of hazardous
liquid cargoes. Many different chemicals, induding those that are noxious, poisonous,
highly corrosive, caudtic, or otherwise very hazardous, are caried by such ships.
Needless to say, their tank materids and coatings must often be quite speciaized, and
the measures taken to prevent contamination and accidentd discharge of such liquids
are highly sophisticated.

A.2.3 Liquefied Gas Carriers

Fud gases that are transported by sea in bulk form as liquids are classed either as
LPG (liquid petroleum gas) or LNG (liquid naturd gas). LPG cargoes are principaly
either propane (C3Hs) or butane (C4Hio), two fuel gases that can be liquefied a
ambient temperature by pressurizing them, or at atmospheric pressure by refrigeration
to about —50°C (-58°F). When liquefied, LPG is a little heavier than water. LNG is a
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naturd mixture of gases, its principad component being methane (CHg), which cannot
be liquefied a normd temperatures by pressurizing. It requires the extremey low
temperature of —162°C (260°F) to liquefy it. As a liquid, it is quite light, weighing
about haf the weight of water. Although some of the characterigics of LNG and LPG
are dmilar, because of the very different boiling temperatures and dengties of the two
materids, the ships designed to carry them are quite different from one another.

LPG Ships

Before the advent of the LPG tanker, pressurized tanks of LPG a ambient
temperatures were trangported by ships. Beginning in the late 1950's the demand for
these fuds judified specid ships that could carry them in bulk. Tank sysems tha
controlled ether the pressure or the temperature, or both, to maintain the cargo in the
liqguid date were developed. The mgority of modem LPG ships employ fully
refrigerated tanks, in which refrigeration done is sufficent to liquefy the cargo.
Specid ded dloys must be used for the tanks, because ordinary structura sted
would become brittle and crack at the —-50°C temperature of the liquefied gas. The
tanks are insulated, typicdly with polyurethane foam, to minimize boil-off. The gases
that do boil off are usudly reliquefied and returned to the tanks. A double skin or
some other form of secondary barier is indaled to contan spilled cargo without
dlowing it to reach and fracture the ship hull in case atank should fail.

LNG Ships

The design of LNG dhps is vadly more difficult and the ships are far more cogly
than LPG ships because of the extremey low temperaure of the liquefied cargo.
Problems involving cogsly materids, differentid expandon of cold and warmer
dructures, the extent of insulation required, secondary barriers, and the control of
boil-off took many years of research before specidly designed ships that could
trangport LNG safely became aredlity in 1964.

Because LNG is s0 light, having a dendty about hadf tha of water, ship carying
capacity is designated in cubic meters rather than tons. The typical LNG ship has a
cargo capacity of about 125,000 cubic meters. They are large ships, aout the size of
a 100,000-deadweight-ton conventiona tanker-about 900 feet long (274 m). They
operde a redively light draft because of the low-densty cargo, which makes them
paticularly vulnerable to problems of wind-induced heding when beam winds blow
againg the large exposed area of the ship sdes and tanks.

A number of different kinds of tank systems have been developed. Self-supporting
tanks that are sphericd, cylindrical, or prismatic in shape have been tried, made of
duminum or very specid nickd ged dloys The tanks are very large-the spherica
tanks in a 125,000 nT ship ae more than 120 feet (365 m) in diameter. Thick
insulation layers of basa wood or cork backed with or sandwiched between layers of
plywood are used around the tanks the plywood forming the secondary barier.
Elaborate sysems of supporting the tanks in the ship hull while dlowing for
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expangon and contraction of the tanks are essentiad. Boail-off of the cargo cannot be
re-liquefied, because the ships do not cary refrigerating equipment that can achieve
the extremely low temperatures required. Instead, the boil-off, which can amount to
up to 10 percent of the cargo on a long voyage, is usualy piped to the boilers of the
deam turbine main propulson plant where it is useful as a very efficient and clean
fud.

Another type of tank system that has been successful is the membrane tank, in which
the containment tank is not Sructurdly sdf-supporting. It condsts of thin sheets of
danless ded, nickd, or duminum deformed into waffled ridges that dlow for
expanson, backed and supported by insulation of basa or perite with plywood.
Secondary bariers might be of plywood or a nicke sted dloy. Other containment
gystems that are variants of the two described above have also been developed.

A.2.4 Combination Carriers

Many types of combination bulk carriers have been developed in order to be able to
carry cargoes in both directions on a trade route. The principd types are ore/bulk/oil
cariers, or “OBO” ships. By adding pumping, piping, and cargo-oil hegting sysems
to a bulker, and by careful design so that the hold spaces and wing tanks are Sized,
configured, and outfitted so that they can be utilized for a variety of cargoes on
different legs of a voyage, the OBO can profitably carry cargoes of ail, grain, cod, or
ore as the trade requires. Typicd OBO ships range in size from 70,000 to 250,000
tons.

The largest bulkers are ore/oil ships. They have been built as large as 350,000 tons.
Like the OBO, these ships must have ail-tight hatches in the spaces used for oil, and
pumps and piping sysems similar to those of a tanker.

A.3 Others

There are arguably severd other types of commercid vessds that do not fit neatly — or
perhaps at dl — into the previoudy mentioned categories. For example, cargo barges,
tug/towboats, passenger vessels, service vessals (harbor tugs, fireboats) and industrid vessels
(dredges, fishing boats, research ships) are widely represented vessel types. These “other”
vessH types are an integrd part of maritime trade, but are not treated separately within this
report since ther vessd dimensons are typicdly overshadowed by the others that are
investigated here.

Military, industrid and service vessels are dso not included here. Clearly, these vessds are
citicd to nationd security and maritime dability, but again are not incuded explicitly since
their dimensonad needs are usudly not beyond those dready covered by the vessd types
aready discussed.
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