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Introduction

Moored, floating breakwaters are widely used in rivers, reservoirs,
estuaries, and along the coast to provide protection from wind waves and
ship-generated waves. They areoften used to protect moored vessels insmall
craft harbors. Other uses include protection ofrecreational swimming areas,
fish rearing pens for aquaculture, landing areas for sea planes, and dredging
and other temporary construction operations. Floating breakwaters have many
advantages over fixed breakwaters: they are more adaptable to water level
fluctuations such as those that occur in reservoirs and tidal areas; they are
relatively cheaper for deep water installation; they are mobile and easily
relocated; and they interfere less with water circulation and fish migration.

However, many floating breakwater installations have been
unsuccessful owing to the designer's failure to fully appreciate then-
limitations. They are kinetic structures and thus prone to frequent damage at
connecting joints between units and atmooring line connectors. Unanticipated
wave-induced forces can cause anchor and mooring line failures which,in
turn, can cause a floating breakwater to break loose and damage nearby
vessels, piers, etc.While serious, these design concerns canbe overcome and
should not limit floating breakwater deployment. Athird limitation, which has
not been fully appreciated (as demonstrated by several unsuccessful
installations), is that the performance of a floating breakwater is extremely
dependent on the period of the incident waves. This, in turn, sets strict limits
on where floating breakwaters can be deployed in terms of the wind speed
and duration, and particularly the wind fetch to which they are exposed.

Floating Breakwaters

The primary purpose of a floating breakwater is to prevent the
transmission of incident wave energy. This can be accomplished by reflecting
energy seaward, usually by virtue ofavertical face that is held relatively stable
to the water particle motion in the incident waves. It can also be
accomplished by turbulent dissipation of the kinetic energy in the incident
waves - either by causing wave breaking over the top of the structure or by
generating turbulence as water particle motion in the waves is broken up by
the structure. Figure 1shows schematic diagrams ofthe most commonly used
generic groups of floating breakwaters. The prism group includes
interconnected concrete boxes often filled with flotation material and axially
connected by flexible connectors. Prism floating breakwaters often see dual
usage asmarina docks. The catamaran group is avariation on the prism group
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that has greater stabilityto wave agitation for the same breakwater mass. It
also has slightly better energy dissipation characteristics owing to flow
separation at the structure's additional corners. The most common types of
flexible assembly floating breakwaters are those constructed of scrap tires -
particularly the Wave Maze (Noble, 1969) and the Goodyear Module type
(Giles andSorensen, 1979). Fluid-filled bags have also been used. Other types
seemglimited use include rigid rafts, inclined planes having one end resting
on the bottom, and A-frame breakwaters. For more details on the various
types of floating breakwaters see Kowalski (1974J" and Hales (1981).

Wave Mechanics

The relationship between the wave period (T), wave length (L) and
water depth (d) is given by the dispersion equation (see Sorensen, 1978)

L = (0.16gT2tanh(6.28d/L)) (1)

where g is the acceleration of gravity. (Note: when d/L > 0.5, the
tanh (6.28d/L) term equals unity and the wave length depends only on the
wave period.) For a given water depth and wave height, a shorter period
wave will have a shorter length as givenby Equation 1. For shorter waves in
a given water depth, the water particle motion will be concentrated closer to
the water surface. This is demonstrated in Figure 2. For the shorter period
wave, the particle orbits decay exponentially to die out at a depth equal to
about half the wave length. For the longer wave, the particle orbits are larger
and eliptical, they extendto the bottom, and they have horizontal dimensions
that change littlewith depth. For the former (L = 2d),about 80%of the wave
kinetic energyis concentrated in the upper30% of the water column; for the
latter (L = 20d), the kinetic energy is essentially uniformly distributed over
the water column. This demonstrates why a given floating breakwater would
be much more effective against the shorter period waves. The transmission
coefficient (Kt) for a floating breakwater, defined as the transmitted wave
height divided bythe incident wave height, generally increases nonlinearly with
an increase in incident wave period.

Storm-generated wind waves have a spectrum of wave heights and
periods commonly represented by the significant wave height (Hs) and the
significant period (Ts). Hs is the average of the highest one-third of the waves
in a wave record and Ts may be taken as the average period of these
one-third highest waves. For deep water, the wind-generated Hs and Ts
depend primarily on thewind speed (U) and the distance overwhich the wind
blows, i.e. the fetch (F) or the wind duration (td). Forecasting curves for
Hs,Ts = fct(U,F or td) are givenin the Shore Protection Manual (U.S. Army
Coastal Engineering Research Center, 1984).

A floating breakwater at a given location and having a particular
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orientation will have a certain fetch. Assuming sufficient wind duration
(usually the case for practicable floating breakwater installations) the
generated wave height and period, and consequently the breakwater
effectiveness, will stronglydepend on the wind speed. Higher wind speeds will
generate higher waves and longer wave periods which will increase the
transmission coefficient for these waves. From a different point of view, for
a typical design wind speed (e.g. 40 or 60 m.p.h.), the longer the fetch the
lower the effectiveness of the floating breakwater.

For a given water depth, the heights of waves generated by a moving
ship depend primarily on the ship speed and bow geometry. The generated
wave periods, on the other hand, depend primarilyon the ship speed. Typical
measured ship wave characteristicsare given in Sorensen (1966), and available
methods for predicting ship wave characteristicsare summarized in Sorensen
(1989).

Floating Breakwater Deployment

Guidelines for the deployment of floating breakwaters can be
developed from: 1) allowable wave heights for moored vessels and other uses;
2) the wave transmission characteristics of the common classes of floating
breakwaters; and 3) the ranges of wind speed, fetch, and duration that will
generate waves consistent with the limitations presented by the first two
factors.

The allowable wave height in the lee of a breakwater deployed to
protect moored vessels is somewhat dependent on the size, hull geometry,
mooring arrangement, and orientation of the vessels as well as on the incident
wave period. Given this, some general wave height criteria have been
established. The U.S. Army Corps of Engineers (1984) recommends that
maximum significant waveheight be limited to 1 foot in berthingareas and 2
feet in anchorage areas and mooring areas for large fishing vessels. The
Canadian Small Craft Harbors Directorate (1985) gives specific guidance for
allowable maximum significant wave heights for fishing harbors as follows: 1)
for all recreational and fishing boats up to 15 meters (49 ft) long - in the
harbor entrance 1 meter (3.3 ft), mooring basin 0.5 meters (1.6 ft), and
berthing areas 0.25 meters (0.8 ft) and 2) for fishing boats exceeding 15
meters length - in the harbor entrance 1 meter, mooring basin 1 meter, and
berthing areas 0.5 meters.

The author is not aware of published allowable wave heights for the
other floating breakwater usages mentionedin the Introduction. Largedredges
maybe ableto economically operate in slightly higher seas. Forour purposes,
we can use 2 feet as the maximum allowable significant wave height in the lee
of a floating breakwater.
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Figure 3 shows the transmission coefficient for selected floating
breakwaters representative of the (1) prism, (2) catamaran, and (3) flexible
assembly groups. Kt is plotted as a function of the ratio of the breakwater
dimension in the direction of wave propogation (thewidth, W) divided by the
length of the incident wave. The data are all based on monochromatic waves
tests in wave tanks. Breakwater 1 is a concretebox having a width of 16 feet
and a draft of 35 feet, tested in water25 feet deep (Hales, 1981). Breakwater
2 is a catamaran breakwater havmg pontoons 35 feet wide with a 4.65 foot
draft, and a total width (W) of 21 feet (Hales, 1981). The water depth for the
catamaran tests was also 25 feet. Breakwater 3 is a tire breakwater made up
of four Goodyear modules to yield a width of 42 feet (Giles and Sorensen,
1979). The test water depth was 13 feet. These three breakwaters were all
moored with a line fore and aft (see Figure 1). Other mooring line
arrangements or tautnesses would somewhat alter the transmission
coefficients.

Given our allowable two foot wave height in the lee of the breakwater
and the transmission coefficient for a selected point on one of the curves
(Figure 3), therequired maximum incident wave height can becalculated for
the selected point. The selected point on Figure 3 also yields avalue ofW/L
from which the wave length and (from Equation 1) the incident wave period
can be calculated. This allowable wave height and period pair can then be
usedto determine the wind speed, fetch, and duration that will generate this
wave (from the forecasting curves inthe Shore Protection Manual). This was
done for a series of points on the three curves in Figure 3 and plotted. The
result is Figure 4, which gives the maximum allowable wind speed as a
function of fetch and some required durations for selected points. For
example, considering thetire assembly breakwater, a60 mph wind blowing for
25 minutes or longer can only have a fetch of just under two miles; a longer
fetch would result in waves in the lee of the breakwater that exceed the
allowable two-foot wave height.

Naturally, these curves only apply for theallowable wave height inthe
leeof thebreakwater, the selected breakwaters types and geometries, and the
tested water depths considered here. However, since the selected breakwater
types and conditions are quite typical of most installations to be found in
practice, the curves generally give a fair representation of the general limits
on floating breakwaters to be found in most situations. For another design
situation, one could go through similar calculations to find the particular wind
speed versus fetch and duration limitation curves, but they would be very
similar to Figure 4.

The dominant point demonstrated by Figure 4 is the limited fetch to
which floating breakwaters can beexposed. For example, for a60 mph design
wind speed the fetch should not exceed 2 to3 miles. This would be ariver, or
a small to medium lake orestuary section. Any larger body of water would be
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an unsuitable location to use a floating breakwater.

A plot similar to Figure4, developed for a given design situation, also
allows a good comparison (along with consideration of costs, ancillary uses,
and aesthetics) of the relative effectiveness of the different breakwaters
considered. The tire assemblyhas a much poorer Kt versus W/L curve but,
owing to its greater width, has a relatively better U versus F curve.

Typical intermediary Hs and Ts values for the waves considered in
developing the curves for Figure 4 were 3 feet and higher, and greater than
3 seconds,respectively. Ship-generated wave periods for common ship speeds
(e.g. < 20knots) areless than3 seconds and related waveheightsrarelyreach
2.5 feet (Sorensen, 1966). So, the three example breakwatersconsidered here
would be quite effective for protecting against ship-generated waves.

Other Design Considerations

Wave-induced horizontal loadson floating breakwatersare primarily
dependent on the incident wave height. Floating breakwaters must be moored
to adequate anchors to resist these loads. Information on mooring loads is
available from wave tank experiments on common types of floating
breakwaters (e.g. see Giles and Sorensen, 1979; Hales, 1981; and Kowalski,
1974). The most common types of mooring line anchors used for floating
breakwaters are dead weight anchors such as concrete blocks and pile
anchors. Screw and embedment anchors are also used. A brief review of
design practice for these types of anchors and references to more detailed
design guidance for anchors are given by Giles and Eckert (1979).

Inter-breakwater andmooring-line connectors typically includechains
and elastic members to dampen load peaks and act asbumpers. There is little
in the literature on connector design (see Hales, 1981), with most designs
proceeding from experience and common sense judgement.

Conclusion

This paper gives a brief overview of some of the key factors in
floating breakwater design, with an emphasis on evaluating site wind wave
conditions to seeif a floating breakwater isappropriate at the site. It is hoped
that this will prevent the future misuse of floating breakwaters in
inappropriate places, as well as provide some initial guidance for their design.
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The Exxon Valdez Oil Spill: What Can Coastal States do to Prevent Future
Spills?

Virgil F. Keith
Engineering Computer Optecnomics, Inc. (ECO)

Abstract

The grounding of the EXXON Valdez on Bligh Reef in Prince
William Sound and the subsequent spilling of over ten million gallons of
Alaska North Slope crude, in less than five hours, suggests that the
construction of oil tankers be re-examined with respect to a design which
could reduce both the number and magnitude ofoil spills. Thispaper focuses
on variations of double hulls with respect to design, spill prevention,
effectiveness, and cost.

Double hulls provide the highest probability of surviving damage,
either from a collision or grounding, with no loss of cargo. The arrangement
provides spaces both below the cargo tanks and on the sides solely for the
carriage of ballast water when the tanker is in the ballast condition. These
tanksare empty when the tanker is loaded. In the loaded condition, the empty
ballast tanks also act as the first line of defense in the event of structural
damage to the cargo tanks. Therefore, double hulls, in addition to providing
the highest probability of preventing oil spills, also act to reduce the
magnitude of an oil spill in the event of damage to a cargo tank bycontaining
oil released from the inner cargo tanks.

Both the type I double hull and the type II double hull require a
minimum distance between the inner and outer bottom of 1/15 of the beam
(B/15) of the vessel or 19.7 feet, whichever is smaller. By starting with the
IMO-required ballast volume andsubtracting thevolume required for a B/15
double bottom, the volume remaining for each side can be determined. The
calculations show that the minimum distance between the inner and outer
sides is approximately 1/15 of the tanker's beam, or the same separation as
the double bottom. In other words, a suggested design for a compromise
double hull oil tanker would be a type II (B/15) design with a minimum
separation between the inner and outer hullsof 1/15 of the beam of the vessel
or 6.56 feet (2.0 meters), whichever is larger. The 6.56 feet (2.0 meters)
minimum separation is necessary to maintainthe effectiveness of the two hulls
in preventing the release of cargo.

Would this oil tanker be as effective in protecting the environment as
a type I double hull? The answer with respect to groundings is yes! The
answer with respect to high-energy collisions is no! However, since the cargo
carrying capacity is not reduced, the overall number of oil tankers or traffic
density will not increase. In addition, with proposed Vessel Monitoring
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Systems(VMS), vessel traffic separation lanes, anddesignated anchorages, the
probability of high-energy collisions could be reduced through operational
control of these vessels in U.S. waters.

Introduction

The grounding of the EXXON Valdez on Bligh Reef in Prince
William Sound and the subsequent spilling of over ten million gallons of
Alaska North Slope crude, in less than five hours, suggests that the
construction of oil tankers be re-examined with respect to a design which
could reduce both thenumber and magnitude of oil spills. This paper focuses
on engineering subsystems in ship design, manyof which are in use, but not
required, on today's modern tankers.

Specifically, improvements in tanker design are suggested in the
following areas:

• Double Hulls;
• Centralized Bunker Tanks;
• Automated Cargo Control System;
• Auxiliary Thrusters;
• Precise Navigation Display System; and,
• Improved Lifeboats.

Double Hulls

Oil tankers with double hulls have cargo and bunker tanks
surrounded with a complete and protective second hull. Double hulls are
required onchemical tankers and liquefied flammable gas carriers to provide
the maximum amount of protection tothe cargo tanks. This design provides
the highest probability of surviving damage, either from a collision or
grounding, with noloss ofcargo. Thearrangement provides spaces both below
the cargo tanks and on the sides solely for the carriage of ballast water when
the tanker isin theballast condition. These tanks are empty when the tanker
is loaded. In the loaded condition, the empty ballast tanks also act asthe first
line of defense in the event of structural damage to the cargo tanks.
Therefore, double hulls, in addition to providing the highest probability of
preventing oil spills, also act to reduce the magnitude of an oil spill in the
event of damage to a cargo tank by containing oil released from the inner
cargo tanks.

Title46of the Code of Federal Regulations, Subpart 153.230 defines
a type I double hull; Subpart 153.231 defines a type II double hull. In general
terms, a type I double hull requires the spacing between the inner and outer
bottomto be 1/15of the beam of thevessel or 19.7 feet, whichever is smaller.
In thecase of the EXXON Valdez with abeam of 166 feet, this would equate
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to a spacing of 11.06 feet. With respect to thespacing between the inner and
outer sides ofatype I double hull vessel, Subpart 153230 requires 1/5of the
beam or37.74 feet, whichever is smaller. Again using the EXXON Valdez as
an example, the minimum distance would be 33.2 feet. While this type I
double hull is the most effective design with respect to reducing oil pollution
from collisions, groundings, and rammings, it results in a 25 to 30% loss of
cargo carrying capacity due to the excess ballast capacity between the inner
and outer hulls. This loss incarrying capacity would require an increase inthe
number of tankers to transport the same volume of oil with an attendant
increase in the number of tanker accidents.

In reviewing the requirements for a type II double hull as specified
in Subpart 153.231, the spacing between the mner and outer bottom is exactly
the same as atype I double hull (1/15 of the beam of thevessel or 19.7 feet,
whichever is smaller); however, the minimum required spacing between the
inner and outer sides is reduced to76 centimeters orapproximately 30 inches.
In the case of the type II double hull, the designer does not have sufficient
space to meet theballast requirements. A design between a typeI double hull
with excess ballast capacity and a type II double bull with insufficient ballast
capacity could beconsidered. This type II(modified) double hull design would
use the ballast capacity as presently required by the International Maritime
Organization (IMO) and the U.S. Coast Guard (USCG) and adjust the
separation between the inner and outer hulls so that the tanker carries only
therequired ballast capacity. With only therequired ballast between theinner
and outerhulls, the cargo carrying capacity is not affected.

Since both the type I double hull and the type II double hull require
aminimum distance between the inner and outer bottom of 1/15 of thebeam
ofthe vessel or 19.7 feet, whichever is smaller, it appears logical that the type
II (modified) double hull tanker should start with a double bottom, as
required for the type I and type II double hulls. By starting with the IMO-
required ballast volume and subtracting the volume required for the double
bottom, the volume remaining for each side can be determined. The
calculations reveal that the minimum distance between the inner and outer
sides is nearly 1/15 of the tanker's beam, or the same separation as the
double bottom. In other words, a suggested design for a compromise double
hull oil tanker would bea type II (B/15) design with a minimum separation
between the inner and outer hulls of 1/15 of the beam of the vessel or 6.56
feet (2.0 meters), whichever is larger. The 6.56 feet (2.0 meters) minimum
separation is necessary to maintain the effectiveness of the two hulls in
preventing the release of cargo.

Would this oil tanker be as effective in protecting the environment as
a type I double hull? The answer with respect to groundings is yes. The
answer with respect to high-energy collisions is no. However, since the cargo
carrying capacity is not reduced, the overall number of oil tankers or traffic
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density will not increase. The probability of a high-energy collisions could be
reduced through operational control of these vessels in U.S. waters. Figure 1
is a schematic of a nominal 70,000 deadweight toncrude carrier with a B/15
double hull, and Figure 2 isaschematic ofa nominal 250,000 deadweight ton
crude carrier with a B/15 double hull.

Centralized Bunker Tanks

Any crude carrier will normally transport crude oil one way and
return to the loading port in theballast condition. It is, however, important to
recognize that in addition to transporting crude oil oneway, theoilishandled
twice (loaded and discharged) and that the ship's bunker tanks contain fuel
oilon both legs of the trip. The bunker capacity of a crude carrier can exceed
1,000,000 gallons. This 1,000,000 gallons of bunker capacity is one of the
reasons that,while primary concern should be with a loaded tanker, a tanker
in ballast should not be disregarded.

The increased efficiency of thediesel engine has led to today's lower
exhaust gas temperatures and thus to a decrease in the performance of the
exhaust gas boilers. The steam generated by these boilers is essential for
heating the fuel bunkers. If fuel is stored in tanks with sides in contact with
the sea, the amount of available steam is not sufficient for heating purposes,
and expensive fuel has to be consumed in the oil-fired boiler to balance the
shortage. However, if the fuel tanks are installed in a central position in the
ship, forming block tanks whose sides are not in contact with the sea, then
even the reduced amount of steam produced by the exhaust gas boiler is
enough to heat the fuel.

The block tank system means more than just energy saving. In this
case, fuel economy measures coincide with measures to reduce oil pollution.
The four bunker tanks are arranged athwartships, above the inner bottom and
between the inner sides. In a fashion similar to the cargo tanks, the spaces
directly below in the double bottom and outboard in the double sides would
be used exclusively for ballast water. An elevated overflow tank is installed in
the center of thetanks. Since all stiffeners of the tanks are placed outside, the
tanks have smooth sides and floors, a point which is relevant to fuel
deterioration.

Another advantage of centralized bunker tanks is the simplification
of the pipeline systems. The filling line of the bunker tanks isa single line in
the athwartship direction with manifolds on both ship's sides, and one
connection to each of the tanks directly through the deck. The overflows of
the tanks arc connected with short bends to the central overflow tank.
Overfilling of thetanks isreduced due to their position and theoverflow tank.
Tank level alarms and remote control, pressure-actuated valves are provided
in both the cargo handling system and the bunkering system.
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Space is provided below the center tanks for the remote controlled
fuel transfer pumps are located. The fuel oil from the tanks flows into these
pumps, which in turn deliver it via a pressure pump directly to the engine
room. This avoids suction problems and the installation of a pipe duct in the
double bottom can be avoided.

The blocktanks simplify not onlythe fuel system but also the ballast
system. Since the ballast tanks surrounding the centralized bunkertankshave
the same trimming moment as the bunker tanks, trim adjustments for fuel
consumption are a direct 1:1 ratio.

Today's shipboard bunkering and fuel problems can be solved, in
large part, with centralized bunker tanks. Figure 3 illustrates the centralized
bunker tanks. Furthermore, this arrangement protects the environment by
reducing the probability ofoil spills from collisions and groundings due to the
double hull configuration.

Automated Cargo Control System

An automated cargo control system will increase ship safety, decrease
vessel turnaround time, reduce paperwork requirements, and decrease the
probability ofan oil spill. With this type of system, many existing problems are
solved byusing state-of-the-art system technology. Basically, data and control
signals are transmitted between a cargo control console, two central
computers, and various system subpanels.

The cargo control console replaces all conventional tanker's remote
control mimic board. The system includes multiple color cathode ray tubes
(CRT'S), operation keyboards, and one main system keyboard. Having this
hardware, the operator will be able to monitor the following functions
simultaneously.

• ballast piping valve lineup;
• ballast and bunker tank levels;
• cargo piping and vacuum-retaining valve status;
• cargo and ballast pump status; and,
• cargo tank levels.

By having multiple CRTS, the operator can give the option to view
drafts, trim and stress, cargo venting/IGS system lineup, and scheduling
information.

The cargo operations keyboards will help the operator perform the
task of manually opening and closing valves, and control the speed of cargo,
ballast, and bunker transfer pumps. By having three keyboards, the operator
will beable tocontrol various systems simultaneously on the different screens.
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Special functions such as loading plan simulations, onboard calculations, and
engine room flooding calculations will be able to be performed under "Systems
Keyboard," which has full alphanumeric capability.

Each computer on the main cargo system can independently perform
all operations in which the subpanels provide an additional level of
redundancy. For example, if the control for the cargo is lost, the operator has
the capability to control all cargo-relatedsystems directly from the subpanels.
In the backup mode, the operator can manually control all valves and pumps
in a conventional manner.

In automatic mode, the system is designed to control the discharge
or loading of the ship. For instance, when discharging in automatic control
mode, the operator either inputs a new discharge plan or specifies a previously
saved discharge plan. The simulation also provides a complete schedule for
cargo, ballast, and bunker transfer. If the simulation is acceptable, the
operator will engage the system to automatically line up the cargo lines and
start the pumps. From this point on, the system gradually increases the overall
cargo pumping rate until either the maximum present discharge manifold
pressure,maximum present transferrate,or the cargopump system capability
is reached. The system then automatically monitors the manifold pressure or
transfer rate, and controls the system to maximize the discharge rate
throughout the operation. At the same time, pumping rates for each cargo
tank are also individuallycontrolled such that all tanks will finish up at exactly
the same time (or in sequence if so desired by the operator). Automatic
ballasting, crude oil washing, stripping, and line draining operations are also
provided.

During automatic operations, the operator must acknowledge certain
key steps before the computer will proceed. Examples of computer-controlled
actions which must first be acknowledged by the operator include opening of
manifold valves, starting cargo or ballast pumps, closing tank fill valves, and
initiating crude oil washing, stripping, and line drainingsequences.

The system also provides the following alarm-monitoring and
error-checking functions, essential for maximizing safety:

. comparison of actual cargo transfer rates to pre-set
limits;

• comparison of actual manifold pressures to pre-set limits;
• comparison of actual measured vessel draft and trim to that

calculated by the on-line system;
• display of "time to full" or "time to empty" warning

messages for all cargo and ballast tanks;
• calculation of longitudinal trim and stress;
• comparison of actual valve lineup to desired valve lineup;
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and,
• displays the status of the cargo tank vacuum-retaining

valves.

In order to reduce paperwork requirements, the system can
automatically generate most of the documentation required for every voyage.
The onboard computer in the vessel control center can transfer data to a
shoreside computer for customs, immigration orthecompany's needs through
onshore satellite communication (SATCOM), to further expedite vessel
clearing. Figure 4 isagraphical representation of the automated cargo control
system.

Auxiliary Thrusters

Berthing accidents account for approximately 5% of tanker oilspills.
The magnitude of these oil spills isgenerally much smaller than the oilspills
resulting from collisions or groundings. However, they occur in locations
which suffer from frequent spills. Location, frequency, and magnitude mustall
be considered when evaluating the effectsof oil spillage on water and marine
life.

Figure 5 illustrates the turning moments versus speed of a 70,000
deadweight ton tanker. With therudder alone, ata full 35 degrees, theturning
moment at nine knots is approximately 43 million foot pounds, whereas the
turning moment at two knots is less than 4 million foot pounds - a reduction
of over 90 percent. It is also shown that a 1500 BHP auxiliary thruster
develops an average of 12 million foot pounds at berthing speeds - speeds
below two knots. Bycombining the forces produced by the ship's rudder and
the auxiliary thruster, a combined average turning moment of nearly 15
million foot pounds is produced at speeds below twoknots. This isnearly four
times the moment from the rudder alone.

The auxiliary thruster is hydraulically powered and designed for ice
operations. The thruster's intake isat thebottom of the tanker and the port
and starboard discharge nozzles are above the intake. This design varies from
the standard single tunnel thruster which tends to become ice-bound on the
intake side of thethruster. This auxiliary thruster also acts asabackup device
in the event of the loss of the propeller since the discharge nozzles are
directed 15° aft of the perpendicular to the centerline of the tanker. This
means that anoil tanker with twin diesel engines powering a single propeller
could lose oneengine and the propeller and still drive the hydraulic unit with
the remaining engine. The auxiliary thruster would increase the tanker's
resistance in the water byapproximately 1%at14knots. This added resistance
would equate to a speed loss of approximately 0.05 knot.

Precise Navigation Display System
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A precise navigation display system is a computerized navigation and
pilotingsystem intended for use aboardvessels that navigatein harbors,along
shores, and in coastal waters. It combines accurate positioning, radar, and
electronic charts on a single multi-color display,usable in full daylight without
a hood. Its electronic charts are accurate replicas of NOAA charts, stored
internally in its own memory, including various scales and areas of coverage.
Pre-computed routes for all intended journeys are maintained as an aid to
piloting along the way and in maneuvering in harbors.

The system consistsofa shipboard computer ofmedium performance,
available off-the-shelf, a color monitor, and a specialcontrolbox. It can obtain
radar targets for its display from a digital radar and positioning from
LORAN-C, GPS, and/or a satellite navigation system. A digital, raster scan
radar, a gyrocompassor fluxgate compass, and a LORAN-C receiver capable
of connection to the computer are integral parts of the system.

The electronic charts of the system form the background of its
displays. Various scales can be selected and they change automatically as the
vessel moves along its track.The chartdisplays contain accuratelyplaced aids
to navigation, including buoys, fixed lights, and day beacons. Shorelines,
channel edges, major depth contours, principal hazards, and obstructions are
all incorporated on the charts. A symbol representing the vessel moves in
accordance with position determined by LORAN-C or GPS. A track of the
vessel's previous positions is maintained and can be recorded. Radar images
of other vessels, buoys, other aids to navigation, and the shoreline are
combined with the electronic chart, and tracks of moving vessels are visible.
Radar echoes from buoys indicate whether or not they are at their charted
locations. The charts can be used for voyage planning; setting waypoints
automatically plots track lines and labels them with the courses and distances
between the selected points. Labeled tracklincs can be recorded for
subsequent and repeated use. The bearing, distance, and time to reach
selected buoys or waypoints can be continuously displayed. Any position can
be entered and marked on the chart display. The ships positionis continuously
displayed and can be color-coded with respect to being in safe waters.

Improved Lifeboats

An oil tanker could be equipped with free-fall lifeboats. Free-fall
lifeboats are completely enclosed, easily accessible from the stern of the
tanker, and designed for use in rough seas or seas covered with burning oil.
These lifeboats are launched in a free-fall mode from a ramp. They are
equipped with a radio to transmit position data by an integrated navigation
memory system. Distress signalsare automaticallytransmitted on shipping and
air distress frequencies. These free-fall lifeboats are used extensively in the
North Sea and have recently been fitted on two merchant vessels in the
United Kingdom. The use of improved lifeboats would permit the tanker's
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crew to stay with the ship in the event of a severe casualty.By stayingwith the
ship until the last possible moment, the crew might be able to prevent an oil
spill or minimize the amount of oil spilled in U.S. waters.

Effectiveness

The procedure for applying the system modifications factors is shown
in Figure 6. The distribution of spill incidents is derived from worldwide
tanker spill incidents which are contained in ECOTANK, a proprietary
database developed and maintained by ECO, Inc., of Annapolis, Maryland.
The modification is then compared to these spill incidents by accident type to
determine if the modification has an effect or not. If the modification has an
effect, that effect is quantifiedand the spill incidentdata reduced accordingly
for that accident type. Quantification of the effect was determined through
interrogation of the extensive literature of systems and engineering analysis
of vessel accidents, and real-time simulation of vessel operations. This process
continues through all accident types and system modifications for each group
of system modifications, as developed for crude carriers operating within
Prince William Sound. These results are presented in Figure 7, which shows
the oil spill incidents remaining after application of each group system
modification.

Table 1 provides the results of the effectiveness methodology in
tabular form. Group I modifications will have an effectiveness of 14% in
reducing accidents, while Group II modifications have a combined
effectiveness of 41%. The effectiveness of improved tanker design is found to
be 55%. The cumulative reduction in oil spills due to the combination of the
three groups is approximately 77%. These reductions are shown graphically
in Figure 8, which also provides some guidance on the timeframe in which
those reductionstake place. Group I modifications are expected to affect the
oil spill rate in the immediate future, while Group II and Group III
modifications will take place over a longer time period as systems are
acquired and installed and new vessels are constructed and placed in service.

Figure 9 shows the improvement in port safety and the increase in
cost per gallon of oil transported to achieve that safety, for U.S. ports. Port
safety is equated to reductionof oil spills due to marine transportation system
modifications. Increased cost and improvement in port safety are shown for
the effects of Group I modifications, Group I and Group II modifications
combined, and Group I, II, and III modifications combined. It should be
emphasized that the increased cost and reduction in risk impact different
groups of people, with the benefits of risk reduction — economic,
environmental and social ~ being shared by groups that may or may not carry
the burden of the costs. The above discussion indicates that a substantial

reduction in risk is achievable with a comparably small increase in cost.
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Cost of Improved Tankers

Figure 10illustrates the increased costof improved tankers basedon
the improved 70,000 deadweight ton crude carrier and the improved 250,000
deadweight ton crude carrier. Both of these crude carriers incorporate the
engineering subsystems discussed within this section, with cost data verified by
U.S. shipyards, and are governed by the following factors:

• Single ship bid from U.S. shipyard (Nov. 1989) with a 1992
delivery,

• Service speed is 14 knots;
• Designed for ice operations;
• Main propulsion - diesel enginc(s); and,
• Hydraulic unit for auxiliary thruster and cargo pumps.

Figure 10 also shows that theconstruction cost ofa70,000 deadweight
ton, single hull tanker, is approximately $85 million, whereas the cost of an
improved B/15 double hull tanker (separation between the mner and outer
hulls is the tanker's beam divided by 15), of the same deadweight, is $93
million. This $8 million increase inconstruction cost equates to acost increase
of 9.4% for the 70,000 deadweight ton crude carrier. The cost of a 250,000
deadweight ton, single hull tanker, is approximately $175 million, whereas the
cost of an improved B/15 double hull tanker, of the same deadweight, is
approximately $192 million, a cost increase of 9.8 percent.
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Innovative Means of Acquiring and Enhancing Coastal Public Access

Paul C. Ticco

National Oceanic and Atmospheric Administration

Securing andmaintaining coastal public access, bothlateralmovement
along theshore and perpendicular access to theshore, has been and continues
to be a fundamental objective of coastal zone management. Increases in
coastal population (over one-half of the U.S. population currently resides in
a coastal county), together with competing public and private demands for the
use of desirable coastal lands, demonstrate the need for adequate and
expanded coastal public access. However, many factors including conflicting
public and private uses, recent Supreme Court decisions, concerns over
regulatory takings and just compensation, physical or geological barriers, and
scarcity offunds have impeded orprevented the acquisition, development, and
enhancement of coastal public access sites.

In principle, thegeneral public has a legal right, through the Public
Trust Doctrine (PTD), to access and enjoy the coast. This body of federal
and state law vests original title to trust lands and living resources in a state
in trust for all people; and establishes a mandated privilege of the public to
use and enjoy navigable waters, shorelands, and submerged lands for the
traditional purposes of commerce, navigation and fishing (Slade, 1990).
However, the PTD, as developed by common law and judicial representation,
grants noright to thepublic for perpendicular access to public trust lands over
privately held land. For lateral access, although the majority rule is that the
PTD does not provide public rights of access along the dry sand area above
the public trust shorelands, a growing number ofstates are finding that the
public's full exercise and enjoyment of their public trust rights also requires
limited access to this area (Slade, 1988).

Furthermore, although recreation is not a right historically covered
by the PTD, some states are including public uses such as recreation and
environmental preservation in their interpretation of the PTD. There is little
doubt that the right ofpublic access tothe shore isexpressed in both common
law and state practice.

Despitethe authority of the Public TrustDoctrine, coastal states have
had toutilize several alternative methods toexpand their coastal public access
opportunities. Most ofthese states have developed federally-approved coastal
management plans through the Coastal Zone Management Act of 1972, as
amended (CZMA). Section 303(2)(D) of the CZMA declares that state
coastal zone management programs should provide for "public access to the
coasts for recreational purposes." To address this policy, Section 305(b)(7) of
the CZMA requires states todevelop plans that protect and provide access to
"...public coastal areas of environmental, recreational, historical, aesthetic,
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ecological, or cultural value." The CZMA, thus, clarifies a participating
coastal state's responsibilities toward providing andmaintaining coastal public
access.

However, the CZMA is limited in its implementing specificity and
funding. Therefore, although each coastal state has a different pattern of
shorefront ownership, there are a number of means, some common and some
innovative, that states may use to address the need for or improve the quality
and quantity of coastal public access. These include direct financial
techniques, the use of various grant programs, the acquisition of new sites,
public access inventories and mapping efforts, and the preservation,
improvement, and more efficient utilization of existing sites. Examples are
discussed below:

1. Public AccessGuides/Survevs/Maps/Inventories

Almost every coastal state has produced a public access guide that
provides information onshoreline access sites, increases public awareness and
appreciation of the coastal environment, and may be used by land-use
decisionmakers to identify, designate, and develop access sites. Excellent
examples can be found in California, Hawaii, Maryland, Michigan, Oregon,
and Washington. As acomplementary effort, coast-wide public access surveys
and mapping efforts aid both state and local coastal managers. TheTerritory
of Guam, for example, has inventoried its entire coastline and published a
guide emphasizing public recreation sites.

2. Land Acquisition and Easements

Perhaps the mostadvantageous means thatstates mayuseto provide,
protect, and preserve coastal public access is through the actual acquisition
(through direct purchase orcontribution) of land. This approach provides the
least number of use conflicts and boundary disputes. One method of
acquiring land is through use of the CZMA. The 1980 amendments to the
CZMA created Section 306A to provide states with federal funds for
purchasing land and completing low-cost construction projects aimed at
increasing coastal public access and revitalizing deteriorating waterfronts.
Most of these funds are channelled through the state to local governments,
with additional local and/or state funds added to complete the project.

The first three years of Section 306A funding (FY 1985-1987)
produced an expenditure of $143 million for over 350 public access projects.
This represented 13%of all federal CZMA Section 306 (coastal management
plan implementation) funds. Eight percent of the Section 306A projects (with
a cost of $4.6 million) went to land acquisition projects. These acquisitions
included everything from small, low-cost beach access lots to large, expensive
environmentally sensitive areas (Proceedings, 1989). The remaining funds
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were used for low-cost construction projects (piers, waterfront parks, coastal
pathways, waterfront revitalization) that also aided public access. By 1988, the
CZMA had provided atotal of$17,501,224 in Section 306A funds to states,
to which were added $18,27U91 in non-federal matching funds for these
projects (Biennial Report, 1990). Some of the states that have used Section
306A funds extensively are California, North Carolina, Oregon, Washington,
and Michigan. Unfortunately, Section 306A funds are inadequate to meet the
growing costs of public access and coastal recreational site acquisitions.
Therefore, some states have acquired property for coastal public access
through direct state purchase programs. The Maryland Greenways Program,
for example, was developed to acquire, protect, and preserve greenways.

Despite its obvious appeal, land acquisition is often not feasible
because of financial limitations of prospective buyers or the unwillingness of
a private landowner to sell. In these cases, easements (agreements between
private landowners and agovernment and/or public trust entity in which a
private landowner agrees to certain conditions) have been successful
alternatives. The landowner may enjoy asignificant financial gain, while the
government and/or public trust entity will obtain valuable lands for public
access (Draft OCRM Bulletin, 1990).

3. Financial Means - Bonds. Taxes and Fees

Coastal states may accumulate significant revenue or acquire land to
be used for providing public access through the use ofstate bonds, taxes, and
fees. Some examples bclude: Michigan, which collects revenue from various
taxes and fees for its Public Access Site Program; California, which has
acquired land for public access through state bonds; and New York, which
derives most of its state appropriations from bonds (such as revenue bonds)
or taxes. Examples of various homeowners taxes thathave beenused for New
York coastal issues include real estate transfer, mortgage reporting, real
property gains, and lands gains taxes. Furthermore, state lotteries, cigarette
and liquor taxes, and fees on recreational vehicles may all be used to raise
funds for acquiring and maintaining parks and recreation areas.

4. Permits

State and local governments may also increase public access through
use oftheir permitting processes. Development permits may be designed that
specify requirements for public access or open space within the actual
development project. The federal consistency provisions ofthe CZMA under
Section 307 may also be used by states as acoastal public access tool by
requiring federal activities (including those development projects affecting
public access) to be consistent with the appropriate state coastal management
program.
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5. Trust Funds

Some examples of trust funds that have been used to increase coastal
public access include the American Heritage Trust Fund and the Michigan
Natural Resources Trust Fund, which was created expressly for acquiring land
for recreational usesand for the protection of landbasedon its environmental
or aesthetic qualities.

6. Coastal Public Access Site Development/Maintenance

Various means also exist to enhance existing coastal public access
sites. These include vegetative planting (an effective method of protecting
dunes and marshes while limiting shoreline erosion) and beach nourishment,
which buffers eroding areas and helps build upexisting beaches. Despite the
high cost and unpredictability of success associated with beach nourishment,
it is a popular choice for many areas, especially those heavily dependent on
tourism revenue.

7. Miscellaneous Means of Acquiring or Enhancing Coastal Access

Miscellaneous means of acquiring orenhancing coastal public access
include using non-profit groups, volunteers, or prisoners for sitemaintenance
assistance, using arts or music projects to raise funds and increase public
awareness, and providing a tax return check-off box to give citizens an
opportunity to support environmental causes. Maryland's Chesapeake Bay
Trust Fund receives funding in this way, allowing state taxpayers to make a
voluntary contribution to Bay programs.

Effective State Efforts

Utilizing many oftheabove-mentioned techniques, coastal states have
been effective inacquiring or enhancing coastal public access sites. A sample
of these (OCRM Technical Bulletin 101,1988) follows:

-The San Francisco Bay Conservation and Development Commission
has increased thenumber of miles open for public access to theBay from four
to one hundred through a combination of new permit conditions and public
acquisition;

- In 1987,Michigan prepareda Linked Riverfront Parks Master Plan
for the City of Detroit that eventually created new parks and coastal
recreation opportunities, andstimulated housing, office, andcommercial retail
development;

- In New York City, a total of 33 miles of previously inaccessible
waterfront has been opened to the public;
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- In Hawaii, public access guides that include an inventory of existing
access sites, recommendations for purchasing additional sites, and original
techniques to mcrease access have been prepared and widely distributed.

• In North Carolina, over 100 public access sites have been opened
along the state's ocean and estuarine shoreline.

Obstacles - Takings"

Despite these successes, many obstacles exist to coastal public access.
One of these is expressed in tworecent SupremeCourtcases that concern the
specific issue of constitutional "takings." In Nollan v. California Coastal
Commission (1987), the Court, by a 5-4 vote, struck down, as an
unconstitutional "taking," a California Coastal Commission requirement that
public access to and along the coast must be provided as a condition for
granting a coastal development permit. In First Evangelical Lutheran Church
of Glendale v.County of Los Angeles (1987), theCourt found that a private
landowner may recover damages when astate government has "taken" private
property through the use of a state land use regulation.

The cumulative effect of these cases maybe to discourage planners
from using creative land use planning techniques, such as development
exactions, to obtain coastal public access sites and other public benefits.These
decisions mayalso leave planners less inclined to adoptmeasures that restrict
development for the sakeof public safety orenvironmental protection because
they may be forced to purchase the property or pay damages if successfully
sued for a "taking" (Eichenberg, 1987). A net decrease in coastal public
access may result.

Despite this scenario, mostof the recent news for local governments
has been promising as appellate courts have favored damage awards inonly
a few cases. Others have upheld restrictive land-use controls, including some
based solely on aesthetic considerations (Kelly, 1989). In sum, the future
rulings of many more cases will determine the actual impact of these two
Supreme Court decisions.

Conclusion

In conclusion, as coastal population continuesto rise, and coastaluse
conflicts increase in severity, the importance of providing socially satisfactory
coastal public access will also magnify. Local and state governments must
meet thischallenge by using several means at their disposal, including federal
government grant programs, state financial methods, and legal challenges, to
mcrease and enhance public access to the Nation's coastlines.
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