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Below is a listing and summary of 30 reports and publications on America’s Marine Highways. The “Top Shelf’ reports
are primary sources of information for the benefits offered by the marine highways. The other reports contain
important information that is also vital to understanding America’s Marine Highways and the benefits they offer.

TOP SHELF

A Modal Comparison of Domestic Freight Transportation Effects on the General Public (Executive Summary),
December 2007.Prepared by the Center for Ports and Waterways in the Texas Transportation Institute for
the U.S. Maritime Administration in the U.S. Department of Transportation and the National Waterways
Foundation.

This report, with an amended Chapter 4 on Emissions, examines many of the same aspects of a 1994 Maritime
Administration report, “Environmental Advantages of Inland Barge Transportation”, but using more current data
including congestion , emissions, energy efficiency, and safety. The report includes a case study in St. Louis,
MO, using the Federal Highway Administration’s Highway Economic Requirements System-State Version (HERS-
ST) model. HERS-ST is a highway investment model that considers engineering and economic principles to



determine the impact of alternative highway investments on highway condition, performance, and user impacts; in
this case, closure of the Mississippi River. The case study concluded highway improvement costs would almost
double over 10 years; truck traffic would almost triple; hence, traffic delays would increase up to five-fold and
traffic injuries and fatalities would go up one-third to one-half; and maintenance costs would increase by 80 to
93%.

Four Corridor Case Studies of Short-Sea Shipping Services — Short-Sea Shipping Business Case Analysis,
August 15, 2006. Prepared by Global Insight in association with Reeves Associates for the Office of the
Secretary/Maritime Administration in the U.S. Department of Transportation.

The purpose of this study is to assess the feasibility of short-sea shipping operations in four domestic freight
corridors — the Gulf Coast to/from the Atlantic Coast, the Atlantic Coast, the West Coast, and the Great Lakes -
to assess if such services could be economically feasible compared to overland freight transportation. The four
corridor studies indicate short-sea shipping service may be commercially viable when the market has enough
density in that large vessels with capital/operating economies-of-scale have the necessary service frequency to
be competitive with trucking, when vessel capital and crew costs and marine terminal costs operate optimally so
that short-sea shipping is price-competitive, and for heavy and/or hazardous shipments currently moving over-the-
road, and when there is a more direct point-to-point routing to avoid traffic bottlenecks and urban congestion.

Emissions Analysis of Freight Transport Comparing Land-Side and Water-Side Short-Sea Routes:
Development and Demonstration of a Decision Modeling Tool, 2007. Prepared by and for the U.S.
Department of Transportation/Research and Special Programs Administration.

This study’s objective is to create a decision tool to assist in evaluating the economy, environment, as well as
congestion for altemative land-side and water-side freight transport routes. The project aims at developing the
methodology and tools for: (1) quantifying emissions from land-side and water-side freight alternatives; (2)
evaluating tradeoffs for pollutants, costs, and travel time for moving freight between two points; and, (3) identifying
optimal modal combinations within a network of travel paths leading to minimum emissions, minimum costs, or
minimum travel time.

Impact of High Oil Prices on Freight Transportation: Modal Shift Potential in Five Corridors (Executive
Summary); October 2008. Prepared by Transportation Economics and Management Systems, Inc. for the
U.S. Department of Transportation/Maritime Administration.

The study evaluates the impact of oil prices on U.S. domestic freight transportation in four corridors including the
East, West, and Gulf Coasts as well as inland (i.e., the Mississippi River). The study points out, “As the cost of
shipping rises with higher fuel prices, better environmental protection, and rising congestion, the speed of delivery
of goods may become less significant in shipping decisions. In addition, institutional policies and regulatory and
tax structures can be re-aligned so that industry is encouraged to make large new investments and to assume the
associated risks.”

America’s Deep Blue Highway: How Coastal Shipping Could Reduce Traffic Congestion, Lower Pollution, and
Bolster National Security; September 2008. Institute for Global Maritime Studies in cooperation with The
Fletcher School of Law and Diplomacy, Tufts University.

This study reviews the feasibility of marine highways, providing ten recommendations including promoting the use
of alternative fuels and eliminating the harbor maintenance tax for coastal shipping as well as encouraging
hazardous materials to be carried offshore and away from urban population centers.

Short-Sea and Coastal Shipping Options Study, November 2005. Prepared by Cambridge Systematic, Inc.
for the 1-95 Corridor Coalition.

The study helps state departments of transportation (DOT) and metropolitan planning organizations (MPQ) better
understand how short-sea shipping fits within their local, state-wide, and regional transportation planning efforts.
The study concludes with six steps including conducting a more detailed market assessment including trade
flows and origins/destinations of commodities for potential short-sea shipping.
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Short-Sea Vessel Service And Harbor Maintenance Tax, October 2005. Prepared for the Short Sea Shipping
Cooperative Program by the National Ports and Waterways Institute (University of New Orleans).

According to Advanced Maritime Technology, "This report provides a comparison between the amount of HMT
collected with private and external benefits attained by short-sea intermodal operations. In total, the domestic
movement of containers contributes only about $1.7-1.9 million to the $880 million of HMT, collected in 2004, or
0.2% of total. Yet this tax creates an uneven playing field for new short-sea shipping service providers as truck
and rail freight carriers do not have to pay HMT. Elimination of the HMT potentially generated by intermodal short-
sea services cannot be identified as a loss because introduction of short-sea routes and their associated
financial and external savings may be not feasible without this exemption..."

Short Sea Shipping (S3) Roadmap, September 30, 2007. Prepared by John Malone and Matthew P.
Tedesco, Ph D. for the National Shipbuilding Research Program.

This report was recommended by the Marine Transportation System National Advisory Committee (MTSNAC) “...
to propose a portfolio of investment areas and tasks within the NSRP scope and charter to engage U.S.
Shipbuilders in the advancement of Short Sea Shipping as a potential market, provide benefit to U.S. commercial
shipbuilding (in general), and provide benefit to U.S. Navy ship construction programs.” The report discusses an
operational model , the “Integration Project”, in which it was shown that the un/loading cycle for Ro-Ro vessels up
to 1500 TEU in a fully AGV automated Ro-Ro terminal equipped with an external fixed ramp would be
approximately 6 hours, as done today at the StorEnso sport base in Gothenburg.

European Union Short Sea Shipping: European Union Transport Initiatives to achieve sufficient mobility in
order to sustain economic growth; March 8, 2004. Prepared for U.S. Department of Transportation Maritime
Administration (Office of Ports and Domestic Shipping).

This report reviews marine highways and transport policy in the European Union, including the Marco Polo
programme.

Mid-Term Review of the Programme for the Promotion of Short Sea Shipping (COM(2003) 155 final), July 13,
2006. Prepared for the Commission of the European Communities.

Discussion of the pertinent issues including Customs and program as well as practical obstacles that marine
highways face in Europe, including referencing the “...initial list of 161 bottlenecks established in 2000 (that
were)...reduced to 35.”

Bi-State Domestic Freight Ferries Study, September 2006. Prepared by Allison L. C. de Cerrefio, Ph.D.;
Martin E. Robins; Pippa Woods; Anne Strauss-Wieder; and Ryan Yeung of the NYU Wagner Rudin Center
for Transportation Policy & Management and the State University of New Jersey (Rutgers) in conjunction
with the Alan M. Voorhees Transportation Center for the Port of New York/New Jersey.

This is a study funded by the Port Authority of New York & New Jersey to review the feasibility of freight ferries
alternatively to domestic freight trucking crossing the Hudson River via bridges and tunnels.  The study
concludes that prohibition of hazmat truck movements, as an example, would be necessary to create requisite
markets for future freight ferry services in this region; however, freight ferry offers the key benefit of hazmat
movements removed from more urbanized populations.

High Speed Ferry and Coastwise Vessels: Assessment of a New York / Boston Service (Program Element 3-17,
FY01), May 2003.Prepared by the National Ports and Waterways Institute in the University of New Orleans
for the Center for the Commercial Deployment of Transportation Technologies (CCDoTT).

The objective of this study's Phase IV research is to assess the economic feasibility of a service between New
York and Boston, therein targeting the most congested segment of Interstate-95. The overall conclusion is that
the selected New York / Boston service would be feasible in that it would provide a truck-like transport at a cost
slightly lower than truck, the vessels selected are also military-useful;, and removing trucks from a highly
congested corridor provides environmental benefits.

Cleveland Trans-Erie Ferry Feasibility Study; May 20, 2004. Prepared by Marquez & Associates for the Port
of Cleveland.




The study finds that three critical requlatory issues became apparent — the harbor maintenance tax, the Canadian
Coasting Trade Act and truck cabotage — in reviewing the feasibility of the Cleveland Trans-Erie Ferry Service,
through reviewing pertinent legal cases. This study concludes that not all of these factors apply to this potential
service; however, it points out they may apply to other ferry services, notably those which engage in “‘commercial
transport’.,

GOVERNMENT ACCOUNTABILITY OFFICE

Freight Transportation: Short Sea Shipping Option Shows Importance of Systematic Approach to Public
Investment Decisions (GA 0-05-768); July 2005. Prepared by the Government Accountability Office.

This report discusses the importance of marine highways in the United States and the pertinent federal role,
stressing the Secretary of Transportation and Maritime Administrator stress yet potentially educate decision
makers to take a more systematic approach to freight mobility.

Intermodal Transportation - DOT Could Take Further Actions to Address Intermodal Barriers (GAQO-07-718);
June 2007. Prepared by the Government Accountability Office.

This report finds federal transportation policy and funding have generally focused on individual modes rather than
intermodal transportation. Yet it also points out that DOT is taking actions to address the intermodal nature of
the surface transportation system. DOT utilizes the Intermodal Transportation and Inventory Costing Model State
Tool to assist in determining the most efficient modal choice for moving freight. Finally, while the report does not
address “short sea shipping” (or marine highways) directly, it references actions to address intermodal
transportation as well as references GAO?05-768, “Freight Transportation: Short Sea Shipping Option Shows
Importance of Systematic Approach to Public Investment Decisions”.

Approaches to Mitigate Freight Congestion, (GAO-09-163R), November 20, 2008. Prepared by and for the
Government Accountability Office.

This report addresses various issues that would help improve freight flow in the United States including virtual
container yards and longer business hours.

MORE SELECTED REPORTS AVAILABLE ONLINE

National Strategy to Reduce Congestion on America's Transportation Network (May 2006)

This plan is an outline for federal, state and local officials to tackle congestion throughout the United States,
calling on DOT to establish Urban Partnership Agreements with communities and encouraging states to pass
legislation in order to give the private sector a broader role (in transportation). It calls for practices that end traffic
tie ups and designates and funds new "corridors of the future”.

Report to Congress on the Performance of Ports and the Intermodal System; June 2005. U.S. Department of
Transportation Maritime Administration.

This report provides an assessment of current conditions at commercial ports and the contemporary buildup of
military intermodal cargo during Operation Iraqi Freedom. The report focuses on 23 coastal deepwater ports (e.g.,
Charleston) yet points out the need for “short sea shipping” to reduce truck and rail traffic.

The Transportation Challenge: Moving the U.S. Economy, 2008. Prepared by Cambridge Systematics, Inc.
with Boston Logistics Group, Inc. and Alan E. Pisarski for the National Chamber Foundation.

This report examines the relationships between the economy and transportation. It concludes there is a need for
transportation investment in all modes to benefit commerce. It also points out various industry proposals
including from the American Association of Port Authority to remove the Harbor Maintenance Tax and relief from
the Jones Act (for marine highways).

The Impact of High Fuel Prices on the Logistics (Industry Report 2008/9): America’s Top 3PLs, Shippers &
Carriers share their views on how soaring fuel prices are impacting their business, August 2008. Prepared for




EyeforTransport.

This report summarizes a June and July 2008 internet survey of 892 senior level executives in America’s top
logistics providers (3PLs), carriers and shippers (manufacturers & retailers) to understand the effects of quickly
increasing fuel prices. The study concludes that some companies are considering keeping more on-hand
inventory due to increasing fuel prices. In addition, carriers, 3PLs and shippers are deploying the latest
technologies to optimize their networks in times of soaring fuel prices. The study also points out that marine
highways are helping 3PIs, shippers and carriers cutting fuel costs and improving their green credentials.

Trade and Transportation: A Study of North American Port and Intermodal Systems; March 2003. Prepared
for the National Chamber Foundation of the U.S. Chamber of Commerce.

This is also a comprehensive report of the current United States’ intermodal container capacity by considering the
top 15 U.S. container ports including the East, Gulf, and West Coasts yet also includes Vancouver in the
assessment.

Potential Impact of Short Sea Shipping in the Southern California Region (Research Project Report
METRANS Project 65-A0047); February 2006. Prepared by P.l. Hanh Dam Le-Griffin of the Department of
Civil and Environmental Engineering and Co. P.l. James E. Moore, I, of the Daniel J. Epstein Department
of Industrial and Systems Engineering.

This study evaluates and finds support for West Coast marine highways, arguing in favor of the establishment of
a regional port system to provide an appropriate institutional apparatus for the coordination of public and private
investments.

California Inter-Regional Intermodal Systems (CIRIS) Implementation Plan — Final Report (Technical Report);
June 11, 2006. Prepared by The Tioga Group, Inc.; Railroad Industries, Inc.; and Cambridge Systematics,
Inc. for the San Joaquain Council of Governments.

This study looks at the viability of the Califomia Inter-Regional Intermodal System (CIRIS), an umbrella concept
for rail intermodal service between the Port of Oakland and Northern California. It also reviews barge and “short
sea” services, pointing out that marine highway services were being reconsidered due to successful existing
services on the Columbia River and to/from the Port of New York/New Jersey, aside from growing congestion in
the Oakland area. Finally, it recommends to not dismiss the idea of a feeder barge service but to determine the
necessary conditions for the viability of marine highways services in the Oakland area.

Report of the National Surface Transportation Policy and Revenue Study Commission, December 2007.
Prepared by Transportation for Tomorrow (National Surface Transportation Policy and Revenue Study
Commission.

This is an independent report assessing the current state of the U.S. surface transportation system including
factors such as freight congestion and necessary public infrastructure involvement. It also mentions, “As
congestion-related initiatives such as Short Sea Shipping continue to develop, the St. Lawrence Seaway will
further improve its position as a competitive alternative for shipments to and from the Midwest. Recent forecasts
show a doubling of containerized traffic carried by all modes in the U.S. or Canadian Great Lakes St. Lawrence
Seaway region from 35 million forty-foot equivalent units (FEUs) to 70 million FEUs by 2050.”

Goods Movement Action Plan, January 2007. Prepared by Business, Transportation and Housing Agency &
California Environmental Protection Agency for the Business, Transportation and Housing Agency and the
California Environmental Protection Agency

This is a two-phase report of which the first phase includes a compiled inventory of existing and proposed goods
movement infrastructure projects. The second phase, the “Goods Movement Action Plan’, is a statewide action
plan for goods movement capacity expansion, goods movement-related public health and environmental impact
mitigation and community impact mitigation, and goods movement-related security and public safety
enhancements.

Columbia Snake River System and Oregon Coastal Cargo Ports Marine Transportation System Study -
Appendix_C (Short Sea Shipping in the Columbia/Snake River System); June 2005. Prepared by Pacific




Northwest Waterways Association for the CEDER, the Center for Economic Development Education and
Research.

This study identifies public policy issues and market factors that affect the potential for successful short sea
shipping within and to and from the Columbia Snake River System. It concludes, "Barging containers improved
the efficiency of the Columbia Snake River international trade corridor and contributed to regional goals of
increasing trade and maintaining reliable and frequent steamship service to and from world markets. Barging of
solid waste within the river system is a market-driven domestic movement that offers cost advantages, but also
solves local land use issues and keeps thousands of trucks off the highways."

AND MORE INFORMATION ON AMERICA'S MARINE HIGHWAYS...

Feasibility Assessment of Short Sea Shipping to Service the Pacific Coast, December 2006. Prepared by
TranSystems/Manalytics International; CDI Marine Company (Systems Development Division); Matthew P.
Tedesco, Ph.D. of Technical and Management Consulting; and Westar Transport, for the Center for the
Commercial Deployment of Transportation Technologies.

This study’s objective is to demonstrate the preliminary market of a commercial marine highway service on the
Pacific Coast that would handle domestic and international (feeder) freight moving from transportation hubs to
major population centers. The effort also addresses the potential emissions of marine highway services compared
to trucking as well as the military application of such services.

Short Sea Shipping Port Probability Study; March 4, 2005. Prepared by Maritime Transport & Logistics
Advisors, LLC. Commissioned for Canaveral Port Authority in Partnership with the U.S. Department of
Transportation, Maritime Administration

This study analyzes international/domestic marine highways history, events, situations and transportation policy
that exists today as well as future projections. The study concludes that Canaveral Port Authority can support a
marine highways service based on location, urban population, contribution to reduced congestion in area, and
intermodal connectively. The study also points out that the port authority should invest in warehousing and Ro-Ro
services which would facilitate the port’s ability to intermodally connected.

A Framework for Evaluating Marine Transportation System Condition and Performance (Final Report); April
27, 2007. Prepared by Cambridge Systematics, Inc. for the U.S. DOT Maritime Administration.

This is a comprehensive report of the current state of the United States’ Marine Transportation System including
the “Great Lakes and St. Lawrence Seaway System” and “Shallow-Draft Inland and Intracoastal System”. A key
conclusion of the report is to close gaps that would include the intermodal system in the MTS.

Short Sea Shipping on the East Coast of North America: an analysis of opportunities and issues — Final
Report; March 31, 2006. Prepared by Mary R. Brooks and J. Richard Hodgson; Faculty of Management,
Dalhousie University; and James D. Frost of MariNova Consulting Ltd., for Canada—Dalhousie University
(Transportation Planning/Modal Integration Initiative).

This study’s purpose is to advance the Federal Government’s appreciation of the potential for marine highway
activities on the East Coast of Canada and the United States. The study concludes that that a short sea operator
would do well to consider two paths for due diligence work prior to developing the business case for his/her
financiers: (1.) Examine the possibility of a feeder operation with one of the large container shipping operators;
and (2.) the potential for a U.S. northbound domestic short sea service currently unavailable to non-U.S.
interests/commercial operators so the marine cabotage market would provide incremental cargo for the back haul.

Domestic Water Transport Comparative Review: USA and Western Europe; Anatoly Hochstein, PhD. National
Ports and Waterways Institute in the College of Urban and Public Affairs at the University of New Orleans.

This study compares factors of shallow draft commercial marine transport between the United States and
Western Europe based on congestion, the expansion of transportation capacity offered by inland waterways,
integration with international trade/traffic, environmental, safety, and sustainability. However, despite the United
States’ already somewhat expansive use of its inland waterways (compared to the European Union as a whole),



the study concludes by noting, “‘Domestic water transportation capacity...is not fully utilized in the expansion of
national intermodal operations.”

Feasibility Study for Container Barges in Northern California; October 2002. JWD Group.

This study reviews the economic viability of moving freight between Oakland and Fresno and concludes that the
use of barge transportation may be more economical than previously perceived. The primary benefit of water or
barge transportation is reduced truck highway use. It also discusses environmental benefits and infrastructure
demand.

Study of the Interrelation between Shippers’ Logistics and Distribution Systems and the Panama Canal
Expansion (Asia-US Trade Route) (Contract SAA-97340) — Final Report; February 2003. Prepared by The
Louis Berger Group, Inc. for the Panama Canal Authority.

This is a study of existing trade routes from Asia to the East Coast of North America, comparing the intermodal
landbridge across the United States to transit through the Panama Canal before and after redevelopment of the
Canal.

Revolution #4; December 2006. By Asaf Ashar for Containerisation International (p. 46-49).

This is a four-page article discussing the history of liner shipping yet looking at the next ‘“revolution” in shipping.
The article addresses the expansion of the Panama Canal and the probability of feeder and shuttle services.

...and more material on America's Marine Highways can be found at the Marine Transportation System
National Advisory Council's Library or Advanced Maritime Technology.

© Maritime Administration. All rights reserved.
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CHAPTER 8
Channel Width

8-1. Design Criteria.

a.  Design Factors. The design width of the channel will be determined to accommodate
the design ship(s) representative of the project forecasted user fleet. This width need not be
constant throughout the project but may vary as necessary so that the design ship can make a safe,
efficient, and cost-effective transit of the channel under the set of operational conditions chosen.
The channel width required will depend on the following main factors:

(1) Design ship beam, length, and draft.

(2) Local piloted ship control.

(3) Channel cross section and alignment.
(4) River and tidal currents.

(5) Navigation traffic pattern (one- or two-way).
(6) Vessel traffic intensity and congestion.
(7)  Wind and wave effects.

(8) Visibility.

(9) Quality and spacing of navigation aids.
(10) Composition of channel bed and banks.
(11) Variability of channel and currents.
(12) Speed of design ship.

b.  Other Considerations. The design channel width is defined as the width measured at
the bottom of the side slopes on each side of the channel at the design depth. Upon project
authorization, the design widths are considered, nominally, to be the authorized widths. This should
not preclude minor adjustments in width during continued design, construction, and operation as
circumstances warrant and delegated authorities permit. The specified width provides for local
increases at entrances, bends, turns, sidings, and maneuvering and turning basins as required to
allow normal ship operations in a safe and efficient manner. Physical models and ship simulator
techniques can be used to assess the safety and efficiency of alternative channel design widths.
Paragraph 8-2 discusses preliminary channel design, especially at the initial stage of navigation
projects.

8-1
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8-2. Channel Alignment.

a.  Design.

(1) To minimize initial and maintenance dredging, the alignment of a navigation channel is
usually designed to follow the course of the deeper channel in a river or estuary. The channel lay-
out should also consider the effects of speed and direction of currents as well as predominant wind
conditions on ship navigation. In general, currents aligned with the channel are desirable to reduce
the adverse navigation effects from crosscurrents. In tidal flow situations, there are often separate
flood and ebb natural channels, which may not be the same. In meandering river waterways, navi-
gation channel crossings from one outside bend channel to the next will also require dredging
through natural shoal areas. Circular bends in alignment should not be necessary, except in large
angular deflection channel turns. An alignment consisting of straight reaches with small turns
between channel segments permits pairs of range markers to be located on the channel centerline.
This provides for better channel location and ship pilot control than other possible channel aids to
navigation. The straight segments between turns should be at least five times the length of the
design ship. Most channel turns should be designed with cutoffs on the inside of the turn as
described later in this chapter. Training structures, such as dikes, jetties, breakwaters, revetments,
and wave absorbers, might be required to maintain acceptable channel alignment and dimensions
and reduce wave conditions. The location and placement of these structures will have an impact on
the channel navigability in addition to sediment movement and require careful design. Channel
alignment that cuts across sandbars and mud banks should be avoided, if possible; training struc-
tures to control the movement and deposition of sediment will usually be required. As a general
rule, entrance channels should be aligned parallel to the propagating direction of predominant
waves. With this alignment, wave-generated crosscurrents and ship wave response are avoided and
result in advantageous effects on both sedimentation control and ship handling.

(2) Channel alignment option studies should consist of selecting several alternate routes
and developing construction and maintenance costs for each. Project benefits for each alignment
will involve improvements associated with relative ship transit times. A comparison of annual
project costs and benefits will determine the optimum channel alignment.

8-3. Channel Cross Section.

a.  Channel Variability. The cross section of navigation channels varies substantially,
depending on local project conditions, as well as along the length of the channel in the same
waterway. Figure 8-1 presents example cross sections for three of the main types. It is possible to
classify the channel geometry into four types of cross sections to develop channel-width criteria in
a rational way, taking into account parameters that govern ship navigation. The usual “at sea”
unconfined ship operating water environment is modified considerably in the normal restricted
channel or waterway cross sections, which are defined and explained below:

(1) Shallow water. Wide, unrestricted waterways without channel banks, near the ocean
end of entrance channels, usually provided with range markers and channel edge buoys. Substantial
bottom effects but negligible bank forces and thus no noticeable vessel reaction to the proximity of
the channel edge. Strong ship yawing forces from crosscurrent effects and wave action.
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Figure 8-1. Channel cross sections

(2) Canal. Narrow, fully restricted channels with clear and visible banks often with only
minimal aids to navigation. Negligible yawing forces occur, since currents are aligned with the
channel, except at turns. Strong bank effects with off-center-line ship position and good bank cues.

(3) Trench. Dredged- or open-type restricted channels, intermediate between canals and
shallow water, with submerged banks on each side, usually provided with range markers and
channel edge buoys or beacons. Some ship yawing forces from crosscurrent and wave effects on
ship navigation are often present with variable bank effects. Bank cues can be important in piloting.
Magnitude of yawing forces dependent on overbank depth on each side of the sailing ship and
crosscurrents, waves, and winds.

(4) Asymmetric. Different depths or bank conditions on each side of a channel centerline
(stepped channels) or other combinations of asymmetry about the center or sailing line. In addition
to range markers and beacons, channel edge steps are sometimes marked by special buoys. Possible
strong bank force effects can be experienced with some ship yawing. There is a tendency for a ship
to drift away from channel centerline.

8-4. Interior Channels.

a.  Design Methodology. Harbor access channels leading from the bar or entrance channel
to the port area are referred to as interior channels. For straight channels without any turns, the
required channel widths to accommodate a given design ship should be determined based on the
following factors in the order of importance:

(1) Traffic pattern (one-way or two-way).

8-3
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(2) Design ship beam and length.

(3) Channel cross section shape.

(4) Current speed and direction.

(5) Quality and accuracy of aids to navigation.
(6) Variability of channel and currents.

Design widths have, in the past, been based on dividing the total required width into a maneu-
vering lane and a bank clearance lane. The criterion was developed by assigning three levels of
ship controllability and judgment as the main factors to consider in channel width design. Meth-
ods to deal with these factors have not been developed. Evaluation of many navigation project
studies on the ERDC/WES Ship Simulator has shown that professional pilots do not think in a
manner or control ships in a way that makes such channel width division logical. In fact, pilots
routinely use the bank effects as a cue in determining ship position by deliberately moving the
ship off the channel centerline toward the bank. Since there is no particular advantage in assign-
ing a value to a maneuvering and a bank clearance lane, an alternative method has been devel-
oped. The following procedure refers to total channel width and incorporates the six factors
listed above as the most important in deciding the design channel width. Figure 8-2 presents two
examples of channel width definition.

b.  Width Criteria. Numerous studies have been made reviewing generally accepted
design practice in dimensioning channel widths for ship navigation. For one-way ship traffic,
values vary from 2.0 to 6.0 or even 7.0 times the design ship beam. A range of 2.8 to 5.0 had been
developed based on McAleer, Wicker, and Johnston (1965) and used for design criteria. Simulator
studies have consistently showed that it is possible to control ships sailing in quite narrow channels
and that the available Corps and international design criteria are overly conservative. In particular,
simulator tests on the Sacramento River and the Brazos Island Harbor both indicate that uniform,
straight canals with very small currents resulted in recommended channel widths near 2.0 times the
design ship beam. Table 8-1 summarizes these test results.

Table 8-1
Channel Design Width Tests

Design Ship Beam, m Recommended Channel Width, m  Width/Beam,

Simulation Study (ft) (ft) m (ft)
Brazos Island Harbor 32 (106) 76 (250) 0.7 (2.4)
Sacramento River 28 (93) 61 (200) 0.3(2.2)

Based on these test results, a value of 2.5 times the design ship beam for canals with negligible
currents should be conservative. Using this value and other available data, Table 8-2 is proposed
for interim use in one-way channels:

8-4
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Table 8-2
One-Way Ship Traffic Channel Width Design Criteria
Design Ship Beam Multipliers for Maximum Current, Knots
Channel Cross Section 0.0t0 0.5 05t015 1.5103.0
Constant Cross Section, Best Aids to Navigation
Shallow 3.0 4.0 5.0
Canal 2.5 3.0 3.5
Trench 2.75 3.25 4.0
Variable Cross Section, Average Aids to Navigation
Shallow 3.5 4.5 55
Canal 3.0 3.5 4.0
Trench 35 4.0 5.0

Developing a similar table for two-way ship traffic is difficult because of lack of simulator data.
An analysis of published criteria shows a similar highly conservative basis for design. Recent
testing on the Houston Ship Channel resulted in data that were also used to develop Table 8-3.

Table 8-3
Two-Way Ship Traffic Channel Width Design Criteria

Design Ship Beam Multipliers for Maximum Current,

Knots (ft/sec)
0.0t0 0.5 05t015 15t03.0
Uniform Channel Cross Section (0.0t0 0.8) (0.8 t0 2.5) (2.5105.0)
Best Aids to Navigation
Shallow 5.0 6.0 8.0
Canal 4.0 4.5 55
Trench 4.5 55 6.5

The design channel width for navigation projects with maximum currents greater than 3.0 knots
should be developed with the assistance of a ship simulator design study. Furthermore, bank suc-
tion can significantly affect ship maneuvering in narrow channels; however, there is no simple
analytical relationship between these effects and channel width design criteria. Bank effects should
be considered during channel design and can be handled most efficiently through the use of
numerical modeling techniques such as those used in a ship simulator.

8-5. Entrance Channels.

a.  Entrance Channel Navigation.
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(1) Navigation in entrance channels is often affected adversely by strong and variable (in
space and time) tidal currents, rough seas and swell, breaking waves, and wind. In some places,
frequent fog, snow, and rain will also cause visibility problems. At some level of ship control
difficulty, the navigation traffic may be stopped through the port entrance channel or bar by the
U.S. Coast Guard, local pilots, or other entity, i.e., the bar is “closed.” It is important that the
project planner/designer develop operational information on bar closure conditions to be able to
design an optimum entrance channel width without compromising safety. Depending on local
conditions, safe navigation will usually require a wider and deeper entrance channel than the port
interior channels. The magnitude of this is difficult to estimate but should be based primarily on
horizontal ship motion from wave effects. It may be necessary in some cases to design the entrance
channel for two-way traffic because of the intensity of port navigation, which would increase
channel width even more.

(2) Bar channels and entrances protected by jetties and training structures will require
special studies of tidal currents, wave conditions, littoral drift, and shoaling tendencies to determine
the optimum channel width and structure arrangement. Other design parameters such as channel
alignment, required cross section, and degree of harbor wave action can also be developed during
such a study. Each project will require substantial information on local conditions for the design
analysis and evaluation studies needed for judicious overall project design.

b.  Entrance Channel Width. The width allowance in excess of the interior channel width
to account for wave effects on horizontal ship motion is difficult to estimate. A recent project for
Barbers Point Harbor using a physical model study at the Coastal and Hydraulics Laboratory
(CHL) at ERDC/WES (Briggs et al. 1994) included extensive measurements of ship model
motion and piloting to help design the entrance channel. Another project on the San Juan Harbor
involved a mathematical model of ship response and piloting on the WES ship simulator (Webb
1993) to develop a safe and adequate entrance channel. These two references should be reviewed
and the individuals at ERDC/WES consulted to gain the most recent information. Field data
measurements of ship horizontal motion were also conducted at the Mouth of the Columbia
River project and should also be reviewed (Wang et al. 1980).

8-6. Channel Turns and Bends.

a.  Ship Turning Maneuver. The swept path of a ship making a turn is wider than its swept
path in a straight channel simply because of the geometry of the turning ship. Experience has
shown that controllability of a ship while turning is degraded compared to maneuvering in a
straight channel, thus causing a wider swept path. The width of the swept path is dependent on the
following:

(1) Ship yaw angle while turning.

(2) Length and beam of the ship.

(3)  Ship rudder angle.

(4) Possible use or nonuse of kick turning by the pilot.

(5) Location and spacing of aids to navigation in the turn.
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(6) Local current and other environmental conditions.

If the turning is in a given channel configuration, the channel turn radius, the deflection angle of
turn, and the channel width and variability will also have an impact. Generally, channels with turns
and bends are more difficult to navigate compared with straight reaches because of reduction in
sight distance, reduced effectiveness of aids to navigation, changing channel cross-sectional area,
and greater effect from varying current and bank suction forces.

b.  Channel Width in Turns. Since the swept path of a ship making a turn is wider than the
path in a straight channel reach, a greater channel width is required in turns and bends. The swept
path of a turning ship is dependent mainly on the channel turn radius and the ship length.

Figure 8-3 presents a definition sketch of the relevant variables and a plot giving required channel
width increase in turns. The deflection angle of the channel turn may also be a factor resulting from
the piloting and ship control difficulty while maneuvering a ship around a channel turn. Since pilots
often use the bank effects to assist in a turn, the bank conditions are also very important to the
design of the turn. However, the recommended turn design does not include bank effects. The
graph shown in Figure 8-3 can be used to relate the required channel width increase in a turn for
design purposes. Channel turns should not be designed for turn radius-to-ship length ratios less
than 3, because ships cannot hydrodynamically maneuver around a sharper turn. Table 8-4
summarizes the recommendations on channel turn configurations including channel width
increases in the turn. The table includes recommended turn radius-to-ship length ratios as a
function of the turn deflection angles. Figure 8-4 gives a definition and geometric relations for each
recommended turn type.

c.  Turn Design. The channel turn width increase indicated in Table 8-4 can be designed
in several ways. Recommendations for specific turn types varying from a straightforward
(unwidened) angle to connecting circular arcs are also presented in the table as a function of the
turn deflection angle (Figure 8-4). In general, the greater the deflection angle, the longer the
channel turn or curve for a given turn radius. A common method to provide the additional
channel width is the apex or cutoff method, which provides the turn width increase on the inside
of the turn using a single straight line. Alternatively, multiple straight lines can be used to
replace the single line on the inside of the turn. In some cases, the outer point can also be cut off,
since ships would not use the outer turn apex. The apex turn may produce adverse current
patterns, especially in canals or high current situations, which would be detrimental to ship
navigation. An alternative turn may be designed using circular arcs with parallel or nonparallel
banks. The width increase is provided through the turn with transitions to the straight channel
segments on each end of the turn. Transitions assist pilots in maintaining control as the ship is
steered out of the turn.
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Table 8-4
Recommended Channel Turn Configurations
Ratio of Turn Radius/ Turn Width Increase
Deflection Angle, Deg Ship Length Factor (* Ship Beam) Turn Type
0-10 0 0 Angle
10-25 3-5 20-1.0 Cutoff
25-35 5-7 1.0-0.7 Apex
35-50 7-10 0.7-05 Curved
>50 >10 0.5 Circle
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Figure 8-3. Channel width increase in turns
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d.  Width Increase. Increasing the width of channels in turns could affect the current
pattern alignment, which may tend to cause ship steering problems. Channel shoaling tendencies
could also be affected and rates and location of shoaling areas changed. The local effects of
currents, wind, waves, and visibility on ship piloting must be evaluated for each project. Physical
ship models and appropriate testing facilities are available at ERDC/WES to conduct design studies
when required. Numerical models of currents and sediment movement in conjunction with the
ERDC/WES ship simulator can provide comprehensive study capabilities when warranted by the
project.

e.  Successive Turns. Successive turns or double bends can be reverse turns (S-bends) or
consecutive (U-type) turns. An important variable is the length of straight segment between turns
that should be provided to allow the ship pilot to regain control prior to starting the maneuvers for
the second turn. Swedish research by Norrbin (1986) indicates that at least five times the design
ship length of straight segment should be allowed between successive turns. In some cases, the
physical constraints will dictate tighter turns, perhaps with little, if any, straight segments between
turns. Design of such special circumstances should be done by using ship simulation testing to
develop appropriate channel alignments and dimensions.
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