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ABSTRACT

Annex V of MARPOL 73/78 is regarded as an important
instrument for reducing the amounts of plastics and other debris
discarded into the ocean. Estimates of the aggregate quantities
of garbage discarded are outdated, however, and represent only
order of magnitude efforts. In this paper, the authors present
updated estimates of the amounts of plastics and other debris
generated in the U.S. maritime sectors.

The analysis covers both public and private sectors,
including merchant marine vessels active in U.S. trade;
commercial fishing vessels; recreational boats; research and
industrial vessels; U.S. Navy, Coast Guard, and Army ships; and
vessels and structures associated with offshore o0il and gas
operations. Current disposal practices as well as disposal
practices under Annex V are analyzed and used to develop
estimates of how the disposition of garbage generated at sea,
i.e., the amounts dumped overboard, brought back to shore for
disposal, and incinerated, will change under the new
regulations.

INTRODUCTION

Two questions which underlie the debate over the U.S. ratification of
MARPOL Annex V are: (1) How much garbage is being dumped overboard from
vessels? and (2) What effect would the specific restrictions contained
in Annex V have on the overall marine debris problem? Throughout the
numerous congressional hearings which led up to U.S. ratification, only
one source of aggregate data, a 1975 study by the National Academy of
Sciences (NAS), was identified which addressed these questions. That
study, however, examined the entire world fleet and included sources of
debris which will not be regulated by Annex V (Table 1). It also made no
attempt to account for actual disposal practices, reporting instead on the
quantities of garbage "potentially" dumped (NAS 1975).

The present study utilizes current information for the U.S. maritime
sectors to develop current and more comprehensive estimates of garbage
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Table 1.--Global marine litter estimates
(National Academy of Science 1975).

Garbage types and sources Ton/year Percent

Sources regulated under MARPOL Annex V
Crew-related wastes

Merchant marine 11,000 1.8
Passenger vessels 2,800 0.4
Commercial fishing 34,000 5.4
Recreational boats 10,300 1.6
Military 7,400 1.2
0il drilling and platforms 400 0.1
Commercial wastes
Merchant cargo wastes or dunnage 560,000 89.5
Annex V subtotal 625,900 100.0
Sources not regulated under MARPOL Annex V
Fishing gear loss 100 1.0
Loss due to catastrophe® 10,000 99.0
Non-Annex V subtotal 10,000 1000.0
Total 636,000 100.0

®Includes debris from shipwrecks or marine storms.

quantities. The main components of the model are: vessel populations,
entrances to U.S. ports, crew sizes, garbage generation factors, and plas-
tics as a percent of total garbage. It also fills a gap left in previous
studies by addressing historical shipboard disposal practices and changes
in practice expected to result from implementation of Annex V. It must be
noted, however, that few direct measurements of garbage generation and
disposal practices exist. The methodological improvements offered in this
study are based on updated data where they exist, and on substantial anec-
dotal information collected throughout the course of broader regulatory
studies of MARPOL Annex V (Eastern Research Group (ERG) 1988a, 1988b).

The study first reviews information related to the sources, types,
and quantities of garbage generated in the various maritime sectors. Data
on per capita garbage generation, crew size, voyage length, and annual
ship utilization factors are used to derive estimates of per voyage, per
vessel, and annual aggregate garbage quantities generated. Estimates are
made for the following sectors:

e Merchant shipping.

o Commercial fishing.
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e Commercial passenger vessels.
e Recreational boating.
e Offshore oil and gas operations.

e Research and other miscellaneous vessels.

U.S. Navy, Coast Guard, Army, and other government vessels.

An analysis of historical garbage disposal practices in these sectors
is used to estimate the pre-Annex V garbage quantities dumped overboard,
brought back to shore for disposal, or burned in marine incinerators.

Under MARPOL Annex V, ships may be forced to alter their current disposal
practices. An analysis of options available for compliance with Annex V is
used to derive the post-Annex V disposition of vessel garbage.

GARBAGE ESTIMATION PARAMETERS

This section reviews the types and quantities of garbage generated in
the maritime sectors. This information is combined with data on vessel
populations, crew sizes, and voyage lengths from the supporting statistical
section to produce estimates of the per voyage, per vessel, and aggregate
annual garbage quantities generated.

Types of Garbage Generated

Several types of garbage are generated by vessels operating at sea.
In this study, "domestic" garbage refers to general garbage such as galley
refuse (food wastes, food packaging materials) and garbage from the hotel
areas of the vessel (discarded items such as smoking materials and packag-
ing, shampoo bottles, and razors). Wastes associated with normal ship
operations, such as rags and containers, are also included. Some vessels
generate an additional amount of "commercial" waste. Examples include
cargo dunnage, spent fishing gear, and disposable or single-use oceano-
graphic research instruments. These are discussed separately.

Domestic Wastes

Several sources of information on the quantities of garbage generated
by ships are available. A series of studies done for the Intergovernmental
Maritime Consultative Organization, the predecessor to the International
Maritime Organization (IMO), are judged to represent the best available
estimates (IMO 1987). These rates, representing per capita daily
quantities, were reported as follows:

e Harbor vessels--1.0 kg (2.2 1b).
e Inland and coastal vessels--1.5 kg (3.3 1b).
e Oceangoing cargo vessels--2.0 kg (4.4 1b).

e Oceangoing cruise vessels--2.4 kg (5.3 1b).
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As shown, the rates vary depending upon the type of vessel and where the
vessel operates.

These rates appear consistent with those obtained elsewhere. The U.S.
Navy, for example, examined garbage generation aboard naval ships in 1971
(Naval Ship Engineering Center 1971) and again in 1988 (L. Koss and Lt.
Mullenhard, U.S. Navy, pers. commun. 1988), and reported estimates of 1.39
and 1.43 kg/person/day (3.05 and 3.15 1b), respectively. On land, the U.S.
Environmental Protection Agency (EPA) estimates that each person generates
an average of 1.82 kg (4.0 1b) of garbage per day (National Solid Waste
Management Association (NSWMA) n.d.). Thus, the rates from the IMO studies
appear consistent with those obtained elsewhere.

In this study, the IMO rates for oceangoing cargo and cruise vessels
are applied respectively to cargo and passenger vessels which operate over
the open ocean. The IMO rate for inland and coastal vessels is applied to
crafts which travel inland or along the coastline.

Commercial Wastes

Several classes of vessels generate wastes associated with their
commercial activities. These wastes are distinct from any operational
wastes generated through normal vessel repair and maintenance activities,
which are included under the category of domestic wastes.

Commercial cargo wastes or dunnage.--The term "dunnage" covers
materials such as timber, plywood, pallets, rope, and plastic sheeting used
to protect, separate, and secure cargo carried in break-bulk form. In the
study (NAS 1975), these types of cargo wastes dominated the aggregate waste
quantity estimates (Table 1). Since the mid-1970’'s, however, the trend
towards containerization, and changes in cargo handling methods, are
believed to have greatly reduced the amount of dunnage used. Cargo carried
by containerships or other types of intermodal ships (barge carriers, roll-
on/roll-off) is generally unloaded for transshipment in port without being
disturbed. According to officials of the American Institute of Merchant
Shipping, therefore, the "vast majority" of cargo ships now produce no
dunnage waste (J. Cox, American Institute of Merchant Shipping, pers.
commun. 1988).

The quantities and types of dunnage still used in general cargo trade
vary, and depend upon the type of cargo being carried. Break-bulk ship-
ments of food products, for example, use mainly cardboard for separation
and protection of the cargo. For a highly explosive shipment of ammuni-
tion, however, extensive wooden encasements are constructed to protect
against movement of the cargo. In such cases, tens of thousands of board
feet of lumber may be used. Palletized cargoes may be shrink-wrapped and
secured with steel or plastic strapping, but these are not normally removed
prior to final delivery at the customer’'s facilities. Lumber and plywood
are the most common materials used.

Marine terminal operators familiar with the loading and unloading of
break-bulk ships indicate that very little plastic waste is generated. One
reported use for plastic is to capture leaks of moisture or hydraulic
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fluids in the vessel’s cargo hatches. This plastic would likely be removed
when the vessel is being unloaded. As indicated, plastic shrink-wrap is
used with palletized cargo, but this is generally not removed either on
board the ship or in port.

Estimates of per-vessel and aggregate dunnage quantities are difficult
to make based upon the limited data. The study {NAS 1975) estimated that
general cargo ships generate up to 285 tons of dunnage per year. This
estimate contrasts significantly with information provided by marine
terminal operators and shipping interests. Due largely to the trend
towards containerization of cargo, there appears to be much less dunnage
used today. Relying on current reports, this study assumes that two-thirds
of the general cargo vessels entering U.S. ports generate dumnnage in the
form of lumber, one third generate only cardboard, and that 10% generate
plastic waste. The quantities used are estimated as follows:

¢ Lumber--48.6 m’ (approximately 20,000 board ft) per vessel
entrance.

¢ Cardboard--23.6 m® (30 yd®) per vessel entrance.

e Plastic--assumed to be generated by only 1 of every 10 break-
bulk ships entering U.S. ports, in minimal quantities of 0.12

m® (4.0 ft3) per entrance.

As the estimates presented later will show, under these assumptions the
amount of waste generated by general cargo ships represents only a small
proportion of the total garbage volume regulated by Annex V. Furthermore,
overall estimates of plastics are not particularly sensitive to assumptions
regarding dunnage volumes.

Fishing gear wastes.--Commercial fishing activity also contributes to
the problem of marine debris, and to plastics in particular. Whether trawl
gear, set nets, or lines are being used, occasional fouling of equipment,
such as the tearing or twisting of nets and lines, will occur. During
repair, portions of nets, excess line, floats, and other gear wastes may be
generated. All such materials are nowadays made of synthetics, and are
prohibited from disposal under Annex V. 1In addition to these items, sub-
stantial quantities of fishing gear are also lost accidentally. Annex V,
however, does not cover this category of debris, hence no estimates are

made here.

Limited information is available on the amounts of gear waste gener-
ated. The Foreign Fisheries Observer Program, National Marine Fisheries
Service (NMFS) has monitored fishing gear repair operations on board
foreign vessels active in Alaskan waters. Berger and Armistead (1987)
analyzed data from this program and found that fishing gear repair opera-
tions took place about once every 4.9 days. The U.S. vessels active in the
same fisheries report a similar incidence of gear repair (J. Gnagey, Alaska
Trawl Fisheries, pers. commun. 1988; Z. Grader, Pacific Coast Federation of
Fishermen’'s Associations, pers. commun. 1988). Discarded webbing was found
to be typically small, with only 21.2% of pieces deemed to be "of a mesh
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size or area thought most likely to entangle marine mammals" (Berger and
Armistead 1987). Some 57.9% of discarded pieces consisted of "primarily
loose strands of twine or pieces with a mesh size of less than 100 mm."

Working with these data, the amount of gear waste generated over a
typical cruise is estimated to be relatively small. Assuming that (1) the
average piece of webbing produced during net repair is 1 m?, (2) webbing is
composed of 15 mm diameter twine (Uchida 1985), and (3) the incidence of
net repair and discard is twice per week, than the volume of waste gener-
ated over even a 30-day fishing expedition would amount to just over 0.12
m? (4 fta) of net material (ERG estimates).

Evidence suggests that these estimates from the Alaskan fisheries may
represent an upper bound on the frequency and amount of fishing gear waste
discarded. Beach surveys have found the concentration of fishing gear
waste off the Alaskan islands to be among the highest noted anywhere (e.g.,
Merrell 1985). Discussions with fishery representatives elsewhere in the
United States have indicated that net repair operations while at sea are
relatively less common. Moreover, net fragments and floats in other fish-
eries are reported to be retained on board for use in repair operations,
rather than discarded. Spare nets may also be carried in order to avoid
at-sea repairs completely (ERG 1988a, 1988b). 1In this study, it is assumed
that the average volume of fishing gear waste generated in all U.S. fisher-
ies is half of that calculated for Alaska. An estimate of 0.03 m® (1 ft®)
of gear waste per week at sea is assumed.

Nongear fishing wastes.--Certain fisheries produce additional quanti-
ties of wastes due to their use of specialized fishing techniques. These
include longline fishing, which uses packaged bait (B. Alverson, Longliner
Vessel Owners Association, pers. commun. 1988), and the herring fishery,
which utilizes quantities of packaged salt (J. Kaelin, Associated Fisheries
of Maine, pers. commun. 1988). Longline bait is sold frozen, with packages
wrapped in plastic, packed in cardboard boxes, and secured with plastic
strapping. Chemical light or Cyalume sticks are also used to attract fish.
These sticks, about the size of a pencil, are themselves made of plastic.
Salt used in the herring fishery comes in large plastic bags.

Available estimates of marine waste disposal do not address this
source of waste. The Center for Environmental Education (CEE) reports that
longline gear is used in at least five different fisheries (CEE 1986), and
that longline vessels can bait up to 5,000 hooks per day. In order to
capture the additional wastes produced by vessels in these fisheries, it is
assumed in this study that they generate twice the normal volume of fishing
gear waste.

Research vessel wastes.--Research vessels may generate additional
plastic wastes in the form of packing materials from research instruments
brought on board, and from disposable measuring instruments used in moni-
toring oceanic experiments. Based on discussions with representatives at
various research institutions, an additional 0.12 m’ (4 fta) of plastic
waste per voyage is assumed.
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Dry Versus Wet Garbage

The nature of the MARPOL Annex V regulations makes it necessary to
estimate separately the amounts of "wet" garbage (food waste) and "dry"
garbage generated. Many vessels are expected to separate plastics from
their dry garbage and then dispose of the remainder while in areas where no
Annex V restrictions apply. Some, however, may have to retain all dry
garbage for onshore disposal (and even wet garbage, in some cases) depend-
ing on whether they operate in Annex V "special areas" or in coastal waters.
(Special areas currently include the Mediterranean Sea, Baltic Sea, Red Sea,
Black Sea, and Persian Gulf Areas; Table 2.)

The dry garbage component of the overall solid waste stream is esti-
mated based on the recent U.S. Navy study (Koss and Mullenhard, pers.
commun. 1988). 1In this study, dry garbage accounted for 59.4% of domestic
waste by weight, while wet garbage accounted for 40.6%. These percentages
are similar to those found in the earlier, more extensive Navy studies,
where the dry garbage component was estimated at 43.6%.

Plastics as a Percentage of Total Wastes

Annex V places a complete prohibition on the overboard disposal of
plastics. Estimates of the percentage of the overall vessel waste stream
accounted for by plastics are needed in order to develop projections of the
quantity of garbage that may be brought back to shore for disposal.

The EPA estimates that plastics represent 6.5% (by weight) of all
household and commercial solid waste on land (NSWMA n.d.). The relevance
of this estimate to vessel operations is uncertain, however, because of
likely differences in the types of waste generated at sea. In the national
EPA estimate, paper and paperboard waste makes up 42% of the total, and
yard waste accounts for another 16%. Garbage generated at sea is likely to
contain much less paper waste and no yard waste. Under these assumptions,
plastics would represent a larger share of the waste stream at sea than it
would on land. At the same time, though, national estimates would include
discards of durable plastic objects and industrial plastic waste, very
little of which is generated at sea.

Studies done by the U.S. Navy in 1971 (Naval Ship Engineering Center
1971) and 1988 (Koss and Mullenhard, pers. commun. 1988) represent the only
direct estimates of plastic wastes based on actual operating experience.

In 1971, plastics were found to account for only 0.3% of total garbage by
weight. This study covered numerous vessels and was used by the NAS in
their estimates (NAS 1975). In 1988, however, the Navy found that the
plastics share of total garbage weight had risen to 6.7%--an apparent
twentyfold increase. It must be noted that the more recent study is based
on an analysis of a single Navy vessel operating over a short (32-h)
cruise. Thus, the figures may not be representative.

In reviewing the data from the Navy studies, the question of potential
differences in plastics usage between Navy and other vessels arises. Navy
vessels carry extensive electronic equipment on board which may be wrapped
in plastic "bubble" wrap and other cushioning materials. This source of
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Table 2.--Summary of MARPOL Annex V restrictions
(International Maritime Organization 1987).

All vessels

Offshore platforms and

Outside Within
associated vessels®

Garbage type special areas®  special areas®

Plastics Disposal Disposal Disposal
prohibited prohibited prohibited
Floating dunnage, >25 nmi Disposal Disposal
lining and from land prohibited prohibited
packing
materials
Paper, rags, >12 nmi Disposal Disposal
glass, etc., from land prohibited prohibited
not ground
Paper, rags, glass, >3 nmi Disposal Disposal
etc., ground® from land prohibited prohibited
Food waste, not >12 nmi Disposal Disposal
ground from land prohibited prohibited
Food waste, >3 nmi >12 nmi >12 nmi

ground®

Mixed refuse types

from land

(d)

from land

()

from land

(a)

®Annex V special areas include the Mediterranean, Baltic, Red, and Black
Seas, and the Persian Gulf Areas.

Poffshore platforms and associated vessels include all fixed or floating
platforms engaged in exploration or exploitation and associated offshore
processing of seabed mineral resources, and all vessels alongside or within
500 m of such platforms.

‘Ground waste must be able to pass through a screen with mesh size no
larger than 25 mm (0.1 in).

dWhen garbage is mixed with other harmful substances having different
disposal or discharge requirements, the more stringent disposal requirements
shall apply.

plastics is not generally present on board other types of vessels. Second,
considerably more at-sea repair occurs on board Navy ships than aboard
merchant marine or fishing vessels. Tools and replacement parts may be
packaged in plastic, and parts themselves may be plastic. Wire and cable
have plastic insulation. On the other hand, due to the large crew sizes,
food supplies on board Navy vessels are generally purchased in bulk. The
reduced packaging associated with this bulk purchasing would suggest smaller
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plastic generation rate. Navy vessels may, therefore, generate more plastics
from operational sources, but less from galley refuse.

In the absence of any conclusive evidence on the amount of plastics
contained in the ship's waste stream, the results from the most recent
Navy study (Koss and Mullenhard, pers. commun. 1988) have been used. This
study indicates that plastics represent 6.7% of all wet and dry solid
waste, and 11.3% of dry solid waste, by weight. Additional studies of
this nature relative to shipping and other maritime sectors would
certainly be welcome.

Garbage Densities

Further analysis of garbage generation patterns requires estimates of
the density of garbage. These are needed in order to convert the weight
of a given accumulation of garbage to volume terms. At sea, it may be the
volume of garbage, rather than its weight, that figures in decisions
regarding disposal options.

Table 3 shows estimates of garbage density for shipboard types of
garbage. It will be noted that no sources of data specific to plastics
were identified. Studies done for the State of New York by Franklin Asso-
ciates (V. Sellers, Franklin Associates, pers. commun. 1988) found that
1,000 kg (2,200 1b) of uncompressed plastic soda containers had an average
volume of 20.8 m® (325 ft’), suggesting a density of 48.1 kg/m® (3.07
1b/ft?) . Navy officials, however, have suggested that a much lower
density of 15.4 kg/m® (1 1b/ft3) is appropriate (Koss and Mullenhard,
pers. commun. 1988). This would imply that plastics used on board ship
weigh one-third as much as much as empty soda bottles--an apparently
generous volume estimate. In the absence of any data specific to ships,
however, the Navy'’s estimate of 15.4 kg/m3 (1 1b/fe?) is incorporated.
Again, this estimate is the more generous of those available in terms of
estimating the volume of plastics generated on board.

Table 3.--Estimates of density for shipboard-generated garbage.

Density
Source of estimate and garbage type kg/m’ 1b/ft?
Society of Naval Architects
and Marine Engineers (1982):
Dry rubbish 100.0 6.3
Dry garbage 120.0 7.5
Refuse, 70% wet 640.0 40.0
Food waste 400 to 1,000 25.0 to 68.8

Gassan (1978):

Hotel solids 277.0 17.2
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Table &4 summarizes the numerous estimates and assumptions used in
calculating garbage weights and volumes. The reader should note that
densities are calculated for each of the different components of mixed
garbage. Any conversions from garbage weight to volume made in this study
must be considered, therefore, in the context of the density values used.

GARBAGE HANDLING AND DISPOSAL PRACTICES
BEFORE AND AFTER MARPOL ANNEX V

This section summarizes the more substantial review of garbage
handling and disposal practices contained in ERG (1988b). Estimates of
the percentage of vessels using each of the various garbage handling and
disposal methods, both historically and under Annex V, are used to evaluate
the disposition of the aggregate garbage quantities under pre- and post-
Annex V assumptions.

Pre-Annex V Garbage Handling and Disposal Practices

The historical methods employed by shipboard crews to dispose of
garbage provide a basis for determining the current disposition of the
garbage generated on board, i.e., how much is discarded overboard, how much
brought back to shore for disposal, and how much is burned in onboard

incinerators.

In most sectors, garbage handling practices vary depending on where
the ship operates. Over deep-sea routes, garbage is typically collected
throughout the ship and discharged daily. Closer to shore, crews are more
likely to retain garbage for onshore disposal. The historical practice
of ocean dumping while out at sea has been confirmed in most sectors. A
representative of the American Institute of Merchant Shipping, for instance,
states that: "Generally aboard merchant vessels on the high seas, waste
generated as a result of vessel operations and deck maintenance is disposed
of directly overboard" (Corrado 1986).

The predominance of ocean disposal is also indicated by statistics
kept by the Department of Agriculture’s Animal and Plant Health Inspection
Service (APHIS). This agency requires ships entering the United States
from foreign ports to incinerate, sterilize, or otherwise sanitize any
garbage prior to disposing of it on shore. The APHIS inspection records
for fiscal year 1986, for example, show that only 2.5% of vessels entering
the United States from foreign ports off-loaded any garbage (A. Langston,
U.S. Department of Agriculture, pers. commun. 1988).

Most commercial fishing groups also acknowledge that garbage dumping
has traditionally been the most widely used means of getting rid of any
trash which accumulates.

The use of garbage handling equipment such as grinders, compactors, or
incinerators has not been widespread in the maritime sectors. Only some
newer ships are equipped with such equipment. Until now, overboard dis-
posal while well out at sea has been the most convenient and inexpensive
method available. Based on discussions with operators in the merchant
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Table 4.--Assumptions and estimates used
in garbage generation calculations.

Domestic garbage generation rates (International Maritime Organization

1987)
Per capita per day

Vessel category kg 1b
Oceangoing 2.0 4.4
Coastal 1.5 3.3
Inland/harbor 1.0 2.2
Passenger cruise 2.4 5.3

Fishing waste generations rates (Eastern Research Group estimates)

Per vessel per day

Vessel category m® kg ftl 1b
Normal vessels 0.004 0.064 0.140 0.140
Longliners, etc. 0.008 0.127 0.280 0.280

Domestic waste components, by weight (Koss and Mullenhard, pers. commun.
1988)

As percent As percent

, of all garbage of dry garbage

Garbage type by weight by weight

Wet (food waste) 40.6 --

Dry (nonfood waste) 59.4 100.0
Plastic 6.7 11.3
Glass 4.1 6.9
Metal 13.0 21.9
Rubber 0.3 0.5
Paper, other 35.2 59.3

Garbage density (Society of Naval Architects and Marine Engineers 1982),
except for plastic density, which was suggested by Navy personnel

Garbage type kg/m’ m’/kg 1b/ft? f£3/1b
Total garbage 174.2 0.006 10.89 0.10
Dry garbage 100.0 0.010 6.30 0.16
Food waste 640.0 0.002 40.00 0.03

Plastics 16.0 0.063 1.00 1.00
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marine, commercial fishing, and government sectors, it is assumed here that
for most ships, overboard disposal is the predominant method used.

Vessels which spend more time operating close to shore are less likely
to rely on overboard disposal. There are several possible reasons for
this: Laws and regulations may already prohibit dumping in such areas;
vessels are away from port for shorter periods and thereby generate less
garbage; or operators may be conscious about dumping close to shore.
Several categories of vessels have been identified as using alternative
disposal means. These include segments of the coastal trade fleet, tug and
towboat operators, recreational boaters, offshore oil and gas operations,
some industrial and research vessels, and some Coast Guard vessels.

Post-Annex V Garbage Handling and Disposal Practices

Under MARPOL Annex V, vessel operators may have to implement changes
in garbage handling procedures in order to achieve compliance with the
requirements of the regulations. The actions taken by an individual
operator will depend upon a number of factors, including (1) where the
vessel operates and the specific restrictions of Annex V which apply in
those areas, (2) the quantities and types of garbage generated by each
vessel, and (3) the cost and noncost factors which influence the selection
of compliance methods.

Each vessel owner or operator will evaluate his operations relative to
the requirements of MARPOL Annex V. Table 2 presented a summary of the
restrictions introduced by Annex V for the various types of garbage. Dis-
posal of plastics is prohibited everywhere, and disposal of other types of
wastes is restricted for vessels operating near shore. Vessels operating
in special areas are prohibited from disposing of anything except food
wastes, and then only beyond 12 mi from shore. A separate set of rules
apply to offshore oil and gas operations.

Alternative compliance options have been analyzed in terms of their
relative costs and conveniences in the regulatory analysis prepared for the
Coast Guard (ERG 1988b). Among the compliance methods examined were:
substitution of plastics, storage of garbage for onshore disposal, use of
compactors to reduce garbage volumes, with subsequent disposal on shore,
and installation of onboard garbage incinerators. The model used for
comparing these alternatives took into account all of the relevant costs
associated with each option, including the volumes and types of garbage
generated; equipment, installation, and operating costs; the opportunity
costs of current garbage handling and disposal procedures (i.e., not paying
crews to dump garbage); and costs associated with off-loading and disposing
of garbage in port.

The cost comparison model shows that for most vessels, onboard separa-
tion and storage of plastic garbage, with eventual disposal in port, is the
least costly alternative (see ERG 1988b). As the garbage generation tables
below will show, the quantities of plastics generated by most vessels would
not present extreme storage difficulties. Where garbage volumes may cause
inconveniences or storage problems, compactors can be used to reduce the

volumes.
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Several factors not captured by the cost comparison may steer vessel
operators towards more costly compliance methods. If, for whatever reason,
vessels anticipate the accumulation of large quantities of garbage on
board, they may consider methods that reduce or eliminate this burden, even
if it increases their costs. Operators may be concerned about situations
where onshore garbage disposal would not be possible for extended periods
of time, due to delays or the inability to obtain removal service in port.
Finally, the cost comparisons do not consider issues caused by operations
in special areas, where additional restrictions on the disposal of garbage
will apply.

When both the cost and noncost issues are considered, most smaller
vessels are still projected to choose separation and storage of garbage
which they will no longer be able to dump overboard. Extensive use of
onboard garbage compaction equipment is forecast, however, for larger
commercial fishing vessels and for a majority of domestic trade merchant
ships. Such equipment will be used to reduce the volume of garbage
retained on board and to facilitate handling and disposal in port. Equip-
ment manufacturers indicate that equipment suitable for onboard use can
achieve a compaction ratio of between 500 and 1,000%, although for pure
plastics the ratio is lower unless the material is first shredded. Only
ships in the merchant shipping foreign trade category and some larger
research and passenger ships are expected to select onboard incinerators.
In the case of foreign trade vessels, the decision to invest in inciner-
ators will not be based simply on economics, as incinerators represent the
most expensive means of compliance, but rather upon the increased conve-
nience afforded to the vessel. Time spent in port is extremely costly,
thus incinerators may be viewed as "insurance" against the possibility of
being delayed due to difficulties in obtaining garbage disposal services.
It must be noted, however, that current or future air pollution standards
for marine incinerators could greatly increase the cost of this option.

Special mention should be made of the solution expected to be adopted
by U.S. Navy ships. As shown below, the Navy has particular garbage
disposal problems due to the large number of crewmen on board. According
to the most recent reports, Navy ships are expected to be outfitted with
thermal extrusion equipment specially designed for shipboard application.
This technology will enable Navy crews to melt down all plastics generated
on board and extrude them into a storable form.

Pre- and Post-Annex V Garbage Disposition

Table 5 presents estimates of the pre- and post-Annex V distribution
of vessels in the merchant shipping sector according to the garbage handling
and disposal practices used. The distributions reflect ERG conclusions from
the review of disposal practices and options described above. Similar dis-
tributions have been developed for each of the maritime sectors under study,
but are not shown here.

Aggregate quantities of domestic garbage derived in the supporting
statistical section are shown in the first column of Table 6 below.
The table shows the pre- and post-Annex V disposition of these garbage
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quantities. Both the weight and volume of garbage are indicated. Weight-
to-volume conversions reflect assumptions about the types of garbage
generated and the use of compaction to reduce garbage volume. This table
shows aggregated sector totals only. A set of more detailed disposition
tables is found in the Appendix.

The first columns of Table 6 indicate the current disposition of
vessel-generated domestic garbage. The relative quantities of garbage
currently brought back to shore, incinerated, or dumped overboard vary from
sector to sector. A small amount of at-sea incineration occurs in portions
of the merchant shipping and cruise ship sectors as well as on some
National Oceanic and Atmospheric Administration (NOAA) research vessels.
The percentage of domestic garbage brought back to shore for disposal is
relatively high in the commercial passenger and recreational boating
sector. Of the 1.2 million metric tons (MT) generated in all of the
sectors, however, 566,000 MT or 45% by weight is still dumped overboard.

Under Annex V, some increased use of marine incinerators will occur,
but the percentage of domestic garbage disposed of via incineration at sea
will remain below 1%. All plastics, with the exception of that destroyed
in incinerators, will be returned to shore for disposal. The current
methodology predicts that 84,037 MT of plastics will be brought ashore for
disposal. This will account for only 9.5% of all garbage brought ashore on
a tonnage basis. Because of its low density, however, in volume terms
plastics will represent close to 75% of the waste. Restrictions on the
disposal of other types of garbage for vessels operating close to shore or
in special areas will also increase the quantity of nonplastics brought
ashore. Overall, the net increase in plastics and nonplastics brought
ashore under Annex V will be 209,663 MT.

SUPPORTING STATISTICAL ANALYSIS OF MARITIME SECTORS SUBJECT TO
COAST GUARD ENFORCEMENT OF MARPOL ANNEX V REGULATIONS

This section provides supporting data on the populations of ships
covered in this study and used to generate the estimates of aggregate
garbage generation shown in Table 6. Seven separate maritime sectors are
identified as falling under the jurisdiction of the Coast Guard under
MARPOL Annex V. These sectors are: merchant shipping, commercial fishing,
commercial passenger vessels, recreational boating, offshore o0il and gas
operations, research and other miscellaneous vessels, and vessels operated
by the U.S. Government. Each of these is profiled below in terms of the
number and types of ships, onboard employment, and the frequency and dura-
tion of voyages. This information is then combined with data from earlier
sections to derive per voyage, per vessel, and aggregate annual garbage
quantity estimates for each of the sectors.

Merchant Shipping

Merchant vessels are those ships involved in the waterborne transport
of cargo and passengers over established transoceanic, coastwise, inter-
coastal, and inland water routes. Under the provisions of the Jones Act,
domestic waterborne commerce (cargoes moving between U.S. ports) is
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reserved exclusively for U.S. vessels. The U.S. import and export trade,
however, is dominated by foreign vessels. The foreign and domestic trade
sectors are discussed separately below.

Foreign Trade Vessels

According to the U.S. Maritime Administration (MARAD), the U.S.
oceangoing merchant fleet numbers approximately 823 vessels of 1,000 gross
tons (GT) and over. Of these, however, some 391 are inactive. Of the 432
active U.S. vessels, 122 or 28% are active in foreign trade. Another 54
vessels are active in Marine Sealift Command (MSC) operations, and will
have voyage patterns comparable to foreign trade ships (see Table 7).

In addition to the vessels covered by MARAD, the Coast Guard's Marine
Safety Information System (MSIS) data base shows there to be 43 vessels
under 1,000 GT that are certificated for operation over open ocean routes.
Thus, a total of 219 U.S.-flagged vessels operate over foreign trade routes.

The MARAD reports show that foreign-flagged vessels dominate the
foreign trade sector, accounting for 95.6% of all U.S. import and export
trade by tonnage (MARAD 1987b). The number of foreign vessels involved is
commensurate. Data from the Coast Guard indicate that in 1987 a total of
6,751 foreign vessels, representing 110 different shipping nations, were
inspected at U.S. ports (Coast Guard 1987b).

We assumed that vessels without incinerators will off-load all garbage
in their final foreign port of call prior to setting sail for the United
States. Under this assumption, vessels will retain on board all garbage
they are prevented from dumping, and seek to off-load it upon return to the
United States.

In order to estimate how much garbage is generated by these ships
while en route to the United States, we examined data from the U.S. Customs
Bureau'’'s AE-975 file, Vessel Entrances and Clearances (U.S. Bureau of the
Census 1987). This data base includes information on the final foreign
port of call of vessels arriving at U.S. ports.

Four months of data (January, April, July, and October) were examined
and used to derive annual estimates. In 1987, U.S. vessels made a total of
3,969 entrances to U.S. ports, while an estimated 33,087 entrances were
made by foreign vessels. Table 8 shows a breakdown of these entrances by
U.S. coastal area and foreign region of origin. Along the Atlantic and
Gulf coasts, the largest number of entrances, 55 and 40%, respectively,
were recorded by vessels clearing Customs from Caribbean ports. Entrances
at Pacific coast ports were dominated by vessels arriving from Pacific Rim
countries (46.6%) and from Pacific Canadian ports (28.8%).

A weighted average voyage length for foreign trade vessels arriving at
U.S. ports was developed by calculating typical voyage lengths for each of
the U.S.-foreign region pairings from Table 8. The estimated voyage
lengths are based upon representative voyages from each foreign region to
the U.S. coast and an assumed vessel speed of approximately 500 mnmi per
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Table 8.--Entrances to U.S. ports by U.S. and foreign vessels, and
estimated days at sea by U.S. coastal area, 1987 (U.S. Bureau of

the Census 1987; Eastern Research Group estimates).

Estimated number of entrances Estimated
U.S. voyage
coastal Foreign U.S. Total length®
area Vessel origin vessels  vessels vessels (days)

Atlantic Caribbean 5,895 954 6,849 3
Scandinavia and N. Europe 1,497 204 1,701 9
Canada--Atlantic 963 3 966 3
Mediterranean 765 45 810 9
W. coast S. America 612 27 639 9
E. coast S. America 465 36 501 8
Pacific Rim 282 3 285 15
W. coast Africa 267 9 276 11
Australasia 126 -~ 126 17
Indonesia and India 123 -- 123 16
Middle East 78 6 84 12
E. coast Africa 39 9 48 16
Canada--Great Lakes 39 -- 39 4

Total 11,151 1,296 12,447

Weighted average
voyage length 5.7 4.6

Gulf Caribbean 3,264 474 3,738 3
W. coast S. America 1,794 249 2,043 6
Scandinavia and N. Europe 1,212 51 1,263 10
Mediterranean 645 42 687 10
Pacific Rim 435 9 444 13
W. coast Africa 327 27 354 15
E. coast S. America 267 15 282 8
Canada--Atlantic 282 -- 282 6
Australasia 99 -- 99 14
Indonesia and India 72 3 75 13
Middle East 63 3 66 12
E. coast Africa 27 9 36 10
Canada--Great Lakes 33 -- 33 7
Canada--Pacific 3 -- 3 7

Total 8,523 882 9,405

Weighted average
voyage length 6.7 5.3

Pacific Pacific Rim 3,285 306 3,591 11
Canada--Pacific 1,650 567 2,217 3
Caribbean 708 195 903 10
W. coast S. America 321 138 459 15
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Table 8.--Continued.

Estimated number of entrances Estimated
U.S. voyage
coastal Foreign U.S. Total length®
area Vessel origin vessels  vessels vessels (days)
Australasia 174 3 177 11
Indonesia and India 150 15 165 15
Scandinavia and N. Europe 120 3 123 15
E. coast Africa 51 -- 51 11
Mediterranean 12 -- 12 18
Total 6,471 1,227 7,698
Weighted average
voyage length 9.2 7.7
Great Lakes Canada--Great Lakes 1,716 156 1,872 1
Scandinavia and N. Europe 96 9 105 10
Mediterranean 27 -- 27 10
W. coast Africa 12 -- 12 11
Pacific Rim 6 -- 6 16
Middle East 3 -- 3 13
Total 1,860 165 2,025
Weighted average
voyage length 1.7 1.5
Noncon- Caribbean 3,891 354 4,245 (b)
tiguous Pacific Rim 426 6 432 (v)
areas W. coast §. America 195 27 222 ()
(includes E. coast §. America 135 3 138 (»)
Alaska, Scandinavia and N. Europe 93 -- 93 (b)
Hawaii Australasia 84 -- 84 (b)
Puerto Indonesia and India 75 6 81 (v)
Rico, and W. coast Africa 60 3 63 (p)
Virgin Canada--Atlantic 54 -- 54 (v)
Islands E. coast Africa 42 -- 42 (v)
Mediterranean 18 -- 18 (b)
Canada--Pacific 6 -- 6 (b)
Middle East 3 -- 3 (v)
Total 5,082 399 5,481 (»)

"The percentage of entrances from each vessel origin is used to derive
the weighted average voyage lengths for each coastal area.

®oyage lengths for entrances to noncontiguous ports are estimated as
follows: Hawaii--6 days (60% of entrances are from Japan), Puerto Rico and
the Virgin Islands--1 day (majority of entrances are from Caribbean

countries).
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As indicated above, the Jones Act excludes foreign vessels from
competing for U.S. domestic trade. Consequently, all domestic trade moves
aboard U.S. vessels. 1In 1987, the fleet of U.S.-flagged domestic trade
vessels included the following:

e 176 vessels of 1,000 GT and over (MARAD 1987a). Of these,
103 or 59% are active in "coastal” trade or trade between
ports in the contiguous United States (see Table 7). All but
six of these are tankers. The remaining 73 vessels operate
in "noncontiguous" trade or trade between the contiguous U.S.
states and the noncontiguous states and properties. Included
in this total are 49 tankers and 19 intermodal vessels, as
well as 2 U.S. cruise ships (described in the next section);

e 12 freighters and 14 tankers under 1,000 GT designated for
coastwise travel (Coast Guard 1987b);

e 14 freighters and 43 tankers designated for lakes, bays, and
sounds operation (Coast Guard 1987b);

o 9 freighters and 6 tankers designated for river operation
(Coast Guard 1987b); and

e ca. 5,000 tug and towboats (U.S. Army Corps of Engineers
1987), which operate predominantly over the inland waterways.

Great Lakes ships may operate in either domestic or foreign (United
States-Canada) trade. No breakdown is reported for these ships based on
trade status, hence they are analyzed in terms of the number of ships and
annual operating ratios, rather than number of entrances. (Operating
ratios or utilization rates refer to the percentage of days annually on
which the ship is engaged in trading activities.) 1In 1987, there were
estimated to be 58 active Great Lakes ships of 1,000 GT or over (MARAD
1987a) and 7 of under 1,000 GT (Coast Guard 1987b).

Domestic trade vessels operate exclusively within U.S. waters, and
will hence be under Coast Guard jurisdiction whenever they are operating.
One exception is noncontiguous vessels which may exit U.S. waters en route
from the continental United States. The approach to estimating garbage
quantities in the domestic sector is, therefore, somewhat different.
Whereas the annual garbage quantities generated by foreign trade vessels
are estimated based upon the number of voyages, in this case it is the
number of ships, the crew size, and the annual ship utilization rate which

are the determinants.

Crews aboard domestic trade ships also average 20-25 men. Large
oceangoing tugs carry up to 10 men, while smaller tugs and motor barges

carry 6-man crews.

Domestic ships over 1,000 GT are estimated to have average voyage
lengths of 5 days, while those under 1,000 GT average 4 days. Trips of
large tugboats are also assumed to average 4 days, while small tugs are
estimated to average 2 days at sea.
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All vessels in the merchant marine sector, with the exception of Great
Lakes ships, are assumed to operate with 90% utilization rates. Due to the
winter freeze-up, Great Lakes ships are limited to approximately 50% utili-
zation.

Garbage Generation Estimates

Domestic garbage.--In Table 9 below, estimates of the amount and
types of garbage generated over typical voyages are shown for each of the
merchant shipping categories. The table shows both weight and volume esti-
mates, and indicates that the greatest accumulation would occur on foreign
trade and large domestic trade ships. Over a 7-day voyage these ships are
estimated to generate 330 kg or 2.2 m® of garbage, of which only 22 kg is
plastics. One cubic meter represents approximately 8-9 large 113.5 liter
(30-gal) garbage bags.

Cargo wastes.--Table 10 presents estimates of the number of entrances
to U.S. ports by U.S. and foreign general cargo vessels, and of the quanti-
ties and types of dunnage generated by such ships. In the Customs data
base, dry cargo ships account for 56.1% of entrances by U.S. ships and
74.4% of entrances by foreign ships (Bureau of the Census 1987). The MARAD
data indicate that 28 of the 101 dry cargo ships in the U.S. foreign trade
fleet (27.7%) are general cargo-type ships (MARAD 1987a). Applying this
percentage to the number of dry cargo entrances, it is estimated that U.S.
and foreign break-bulk ships enter U.S. ports 617 (0.277 x 0.561 x 3,969
entrances) and 6,819 (0.277 x 0.744 x 33,087 entrances) times annually.
These entrances are seen in Table 10 to generate potentially close to
20,000 m° of waste lumber, 3,815 m® of cardboard, and 2,981 m® of plastic.

Commercial Passenger Vessels

The category of commercial passenger vessels encompasses all for-hire
passenger-carrying vessels, including cruise ships, ferries and excursion
vessels, and charter boats.

Cruise Ships

The cruise ship category includes domestic ships which operate exclu-
sively within U.S. waters and foreign ships which sail from U.S. ports on
international voyages. The Customs data base identifies approximately 80
foreign cruise ships which operate regularly out of U.S. ports. In 1986,
these vessels recorded an estimated 3,324 entrances to U.S. ports (see
Table 11). A high proportion of these entrances (45%) was recorded by
vessels entering the Miami and Tampa port districts from the Bahama Islands.
Other origin and destination combinations which account for large numbers
of entrances include Canada/Alaska, Mexico/Los Angeles, Mexico/Miami, and
Bermuda/New York. Puerto Rico and the Virgin Islands also receive numerous
cruise ships, which arrive primarily from other Caribbean or South American

ports.

Based upon the predominance of short-haul trips represented by these
data, an average voyage duration of 1 day (24 h) is assumed for cruise
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Table 10.--Estimates of annual quantities of cargo waste
(dunnage) currently dumped and quantities dumped under MARPOL
Annex V (Eastern Research Group estimates).

U.S. Foreign
Basis of estimate vessels vessels
Number of entrances to U.S. ports per year 3,969 33,087
Dry cargo as percentage of all entrances 56.1% 74.4%
Dry cargo entrances 2,227 24,617
General cargo as percentage of all dry cargo ships 27.7% 27.7%
General cargo entrances 617 6,819
Dunnage generated per clearance from U.S. port
Lumber
Quantity (m’) 48.6 48.6
Percent of entrances 66.7% 66.7%
Cardbeard
Quantity (m%) 23.6 23.6
Percent of entrances 33.3% 33.3%
Plastic
Quantity (m?) 0.12 0.12
Percent of entrances 10.0% 10.0%
Total dunna§e quantities generated per year
Lumber (m~”) 19,983.4 220,930.2
Cardboard (m®) 130,979 130,979
Plastic (m®) 7.20 7.20
Incidence of dumping 50.0% 50.0%

Total dunnage quantities dumped in U.S. waters per year
Current practice

Lumber (m®) 9,991.7 110,465.1

Cardboard (m’) 1,768,214 1,768,214

Plastic (m®) 3.602 3.602
Under MARPOL Annex V

Lumber (m®) 9,991.7 110,465.1

Cardboard (m°) 1,768,214 1,768,214

Plastic (m®) 0.00 0.00




Table 11.--Cruise ships entering U.S. ports (Bureau of the
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Census 1987; Eastern Research Group estimates).

Estimated
number of
entrances Percent
Vessel origin U.S. port of entrance (1987) of total
Bahamas Miami 1,232 37.1
Bahamas Tampa 276 8.3
Canada (Pacific coast) Anchorage 244 7.3
Mexico (Pacific coast) Los Angeles 228 6.9
Mexico (Gulf coast) Miami 168 5.1
Bermuda New York 152 4.6
French West Indies Virgin Islands 116 3.5
Leeward/Windward Islands Virgin Islands 84 2.5
Netherlands Antilles Virgin Islands 80 2.4
French West Indies San Juan, Puerto Rico 72 2.2
Netherland Antilles Miami 72 2.2
Haiti Miami 56 1.7
Netherland Antilles San Juan, Puerto Rico 56 1.7
Bahamas San Juan, Puerto Rico 52 1.6
Haiti San Juan, Puerto Rico 44 1.3
Jamaica Miami 44 1.3
Dominican Republic Virgin Islands 40 1.2
Dominican Republic San Juan, Puerto Rico 32 1.0
Venezuela San Juan, Puerto Rico 32 1.0
All other origins All other destinations 244 7.3
Total 3,324 100.0

ships arriving in the United States. While examples of much longer voyages
may be found within the data, short voyages are much more typical.

Foreign cruise ships entered U.S. ports with an average passenger
complement of 786. Crew-to-passenger ratios are approximately 1:2 (J.
Ruers, International Committee of Passenger Liners, pers. commun. 1988),
hence an average of approximately 1,000 persons are assumed to be on board
such ships.

Coast Guard data indicate that approximately two dozen U.S.-flagged
vessels are used in domestic cruise operations (L. Stanton, Coast Guard,
pers. commun. 1988). These include two large vessels of over 1,000 GT
which operate in the Hawaiian interisland trade as well as several smaller
vessels active on coastal routes along both the east and west coasts.
Average time between ports is estimated at 1 day, as the vessels are
usually in port each night. Such vessels are estimated to carry an average
of 200 passengers and crew members (E. Scharfe, Director, Small Passenger
Vessel Association, pers. commun. 1988) during typical cruises.
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Other Passenger-Carrying Vessels

Additional categories of passenger-carrying vessels include ferries
and charter fishing and pleasure vessels, of which there are a large number.
In 1987, the Coast Guard's MSIS data base contained some 49 U.S.-flagged
passenger vessels of 1,000 GT and over, and 4,774 vessels under 1,000 GT.

Among the larger passenger vessels, four are ocean-designated and
include the two Hawaiian cruise ships discussed above as well as two con-
verted hospital ships that are part of the MSC. These are covered in the
merchant vessel data. Ten larger passenger vessels operate with river
designations (e.g., Mississippi River cruises), while the remaining 34 are
designated for operation in lakes, bays, and sounds. These vessels offer
ferrying services and excursion or sightseeing cruises of short duration.
Thus, a total of 44 additional large ferries and riverboats operate domes-
tically. They are assumed to carry up to 1,000 passengers on voyages
averaging 1 day in duration.

Approximately 75% of the 4,774 passenger-carrying vessels under 1,000
GT are charter fishing boats, with ferries, yachts, and other small boats
accounting for the remaining 25% (Stanton pers. commun. 1988). Charter
fishing boats are assumed to carry an average of 20 persons, while ferries
and other commercial passenger vessels are assumed tc carry 200 people.
Voyage lengths of 1 day or less are assumed for all vessels in this cate-

gory.

Large cruise ships generate substantial quantities of garbage even on
overnight voyages. Table 12 indicates that 1,000 passengers on a luxury
cruise will generate over 2 MT of garbage each day. Smaller ships
carrying 200 passengers may generate close to 500 kg per day.

Commercial Fishing

United States Vessels

Fishing vessels may be classified according to whether they operate in
onshore, offshore, or inland fisheries. Onshore fishing, defined as fish-
ing which takes place within 12 nmi from shore, is conducted by smaller
boats making primarily day-long trips. Data sources distinguish between
fishing boats, which are under 5 net tons in size, and fishing vessels,
which include all craft of 5 net tons or more (see Table 13).

Boats under 5 net tons generally do not exceed 7.6 m (25 ft) in length
(T. Willis, Coast Guard Documentation Branch, pers. commun. 1988), and are
not eligible for Coast Guard documentation. Normally, therefore, they do
not operate at significant distances from shore. For convenience, all
fishing boats (i.e., <5 net tons) are assumed to operate in the onshore
fisheries. The NMFS estimates there to be approximately 105,500 boats
active in the U.S. fisheries (NMFS 1987). These are assumed to carry an
average of three crew members, and to return to port each night.
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Table 13.--Employment and craft
in the U.S. commercial fisheries
({U.S.] National Marine Fisheries
Service 1987).

Size Number
Vessel >5 tons 24,300
Motor boats 104,000
Other boats 1,500

Total craft 129,800
Fishermen 238,800

While some larger craft also operate close to shore, fishing vessels
(5 net tons and over) are assumed to operate beyond 12 nmi from shore.
These vessels are capable of longer voyages, and are frequently equipped
with sophisticated navigational and fish locating equipment. They also
have greater onboard storage and processing capacity.

The NMFS estimates that in 1986 there were 24,300 fishing vessels of 5
net tons or more in the United States. While these may range up to 1,000
GT and over in size, relatively few are this large. Table 14 indicates
that over 60% of fishing vessels are both smaller than 25 net tons in size,
and <15.2 m (50 ft) in length.

Inland fishing covers commercial activity taking place on the inland
waterways. At present, small commercial fisheries operate on the Great
Lakes and along the Mississippi River (S. Koplin, NMFS, Statistics Branch,
pers. commun. 1988), and account for only a small percentage of the
national catch. States bordering the Great Lakes, for example, accounted
for only 1.7% of the 1987 U.S. commercial catch (NMFS 1987). As boats
active in the inland fisheries will be contained within the data presented
above, the craft involved will be assumed to operate in a fashion similar
to those in the saltwater fisheries. Assumptions regarding crew sizes and
voyage lengths of fishing vessels are shown in Table 15, which derives the
per voyage, per vessel, and aggregate annual garbage quantities.

Foreign Fishing Vessels

Foreign fishing vessels granted access to fishing stocks within the
U.S. exclusive economic zone (EEZ) will also be expected to comply with
MARPOL Annex V. While some restrictions on vessel discharges already
apply, the requirements do not address specifically the problem of garbage

dumping.

In the recent past, foreign fishing activity in U.S. waters has
centered around the eastern Bering Sea and Aleutian Islands areas, where
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Table 14.--Documented U.S. fishing vessels,®” by length and
gross tonnage (U.S. Coast Guard, Marine Safety Information
System 20 April 1986; [U.S.] National Marine Fisheries Service

1987).
Vessel length
<15.2 m 15.2-19.8 m 19.8-24.1m >24.1 m

Gross tonnage (<50 ft) (50-65 ft) (65-79 ft) (>79 ft) Total
Less than 25 14,703 112 2 2 14,815
25-49 2,774 1,152 33 -- 3,959
50-99 340 1,511 1,107 45 3,003
100-199 : 18 117 1,418 674 2,227
200-299 -~ -- -- 69 69
300-399 -- -- -- 32 32
400-499 -- -- -- 49 49
500-599 -- -- -- 45 45
600-699 -- -- -- 15 15
700-799 -- -- -- 10 10
800-899 -~ -- -- 10 10
900-999 -- -- -- 23 23
1,000-1,999 -- -- -- 34 34
2,000-2,999 -~ -- -- 2 2
3,000-3,999 -- -- -- 2 2
4,000-4,999 -~ -- -- 2 2
More than 5,000 -- -- -- -- --

Total 17,835 2,891 2,560 1,015 24,300

®*Vessels are defined as craft of 5 net tons or over.

the most significant target species has been Alaskan pollock. The country
most active in this fishery is Japan. Other fisheries with considerable
foreign participation include the Pacific whiting and Atlantic mackerel
fisheries.

Direct access to U.S. fishing stocks by foreign vessels has been cut
back considerably in recent years. At present, foreign access is obtained
primarily through joint venture permits (J. Kelley, NMFS, Office of Fishery
Conservation and Management, pers. commun. 1989). Under joint venture
agreements, U.S. vessels deliver their catch to large foreign motherships
or other factory trawlers, which process the fish at sea.

Data on the number of foreign fishing vessel permits issued in 1987,
by type of vessel, flag of vessel, and fishery, were requested from the
NMFS, but were not available in time for this report. 1In general, though,
activity by foreign fishing vessels within U.S. waters has been decreasing
in recent years with the "Americanization" of the U.S. EEZ. Direct fishing
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by foreign vessels has been almost completely phased out, while joint
ventures between U.S. catcher vessels and foreign processing vessels are
declining. More and more, foreign access to U.S. fishery products will be
in the form of exported products processed on U.S. soil. According to a
report to the Alaska Department of Environmental Conservation, "it is
generally assumed that there will be little, if any, joint venture activity
in the North Pacific EEZ by 1991" (Pacific Associates 1988).

Garbage Generation Estimates

Domestic garbage.--Table 15 shows the derivation of the per voyage
and annual domestic waste estimates. The largest ships may generate up to
1,800 kg of garbage overall per voyage. Of this amount, however, they
would likely have to retain only the plastics. Small fishing boats are
estimated to generate only 4.5 kg of total garbage per day at sea.

Commercial wastes.--As indicated, it is assumed that most fishing
craft will generate an additional 0.028 m® (1.0 ft®) of plastic gear waste
per week (0.004 m® (0.14 ft®) per day). Longliners and boats in the
herring fisheries are assumed to generate twice this amount. Such vessels
are assumed to represent 5% of all vessels in the 5-25 and 25-300 GT
categories. Table 16 shows the estimated quantities of fishing wastes
generated annually.

Recreational Boating

All recreational boats operating over the navigable waters of the
United States are also required to comply with Annex V. Potentially,
therefore, most of the approximately 14 million recreational boats in the
United States might be included in an analysis of Annex V. For this study,
we limit the analysis to numbered boats in coastal states or in states
bordering the Great Lakes. Still, some 7.3 million recreational boats fit
this criterion (see Table 17).

The majority of recreational boats are used on inland waters or, when
used in the ocean, within 3 nmi from shore. When operating in these
waters, boaters are prohibited from disposing of any garbage overboard.
Beyond 3 nmi from shore, limited dumping may occur.

In order to identify those boats prohibited from any overboard
disposal, several assumptions were made. First, only boats registered in
coastal states are assumed to operate in the ocean. Secondly, only larger
boats are assumed to operate beyond 3 nmi from shore. Within coastal and
Great Lakes states, the size breakdown of the registered boating fleet is
as follows:

e 56.3% are under 4.9 m (16 ft) long,
e 39.6% are between 4.9 and 7.9 m (16 and 26 ft) in length, and

e 3.7% are greater than 7.9 m (26 ft) in length (see Table 17).
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Table 16.--Estimates of annual quantities of plastic fishing
gear wastes generated in the U.S. fisheries (Eastern Research
Group estimates) (GT = gross tons, MT = metric tons).

Annual quantities of fishing waste generated

Vessels generating Vessels generating
normal quantities® additional quantities®
Number of
Vessel category vessels (MT) (m®) (MT) (ma)
Undocumented 105,500 1,779 131,781 0 0
Documented
5-25 GT 14,815 216 12,570 23 1,323
25-300 GT 9,258 135 7,855 14 827
300-1,000 GT 188 3 160 0 0
Over 1,000 GT 40 1 34 0 0
Foreign vessels NA NA NA NA NA
Total 129,801 2,133 152,400 37 2,150

*Vessels using trawls, set nets, or pots. Plastic waste in these
fisheries is essentially gear-related.

PVessels active in bait fisheries (i.e., longlining) or herring
fisheries which generate additional quantities of plastic waste in the form
of bait wrappings or salt bags.

According to the Boat Owner's Association of the U.S. (BOATUS),
recreational boats under 4.9 m (16 ft) in length "are most likely confined
to inland lakes, rivers, and bays," and of those over 4.9 m (16 ft), only
10% are estimated to venture beyond 3 nmi from shore (Schwartz 1987),

Based on this, approximately 219,000 boats are estimated to operate in
areas where some overboard disposal of garbage is permitted. The remaining
13.1 million operate in areas where no garbage disposal may occur.

Garbage Generation

Voyage lengths and onboard complements for recreational boats of
various sizes are shown in Table 18, which derives the per voyage and
annual garbage quantities generated.

Offshore 0il and Gas Operations

Offshore oil and gas operations such as exploratory drilling, develop-
ment drilling, and oil and gas production from offshore platforms are also
covered by MARPOL Annex V. The restrictions which apply to such operations
are different from those applicable to commercial and recreational vessels.
Under Annex V, ocean disposal of all types of garbage, with the exception
of ground food wastes, is prohibited. For operations located within 12 nmi
from shore, even the disposal of ground food wastes is prohibited.
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Mobile Offshore Drilling Units

Data from the Department of the Interior’s Minerals Management Service
(MMS) for February 1988 showed there to be 124 mobile offshore drilling
units (MODU’s) active in U.S. Federal waters (L. M. Tracey, Department of
the Interior, Minerals Management Services, pers. commun. 1988). All but
one of these were reported to be operating beyond 12 nmi from shore.
Approximately 78 MODU's were active in state waters (J. Dees, Ocean & 0il
Weekly, Houston, TX, pers. commun. 1988). State waters extend out to 3 nmi
from shore, except off Florida and Texas, where the state-federal boundary
occurs at 3 leagues or approximately 10.35 nmi. All activity in state
waters is subject to the complete ban on disposal within 12 nmi of shore,
while MODU’'s in Federal waters would be able to dispose of ground food
wastes. The MMS data indicate that MODU’s in Federal waters have an
average of 40 beds. This figure has been used as an estimate of the number
of men aboard MODU’s on a 24-h basis. Active MODU's are assumed to operate
at 100% utilization,

Platforms

Approximately 3,500 production platform "complexes," consisting of one
or more platforms in a single location, actively operate in U.S. Federal
waters. Of these, however, only 779 are manned. A total of 124 manned
platforms are situated within 12 nmi from shore, while the remaining 655
are located beyond 12 nmi. Dees (pers. commun. 1988) estimates that a
maximum of 40 additional manned platforms are active in state waters.

The MMS data indicate that platform complexes have an average of 15
beds each.

Offshore Service Vessels

Service vessels employed in petroleum support activities are also
covered by Annex V prohibitions. This category includes supply ships,
tugs, anchor-handling vessels, crew ships, and research and survey vessels.
Coast Guard data indicate that there are 484 offshore service vessels
(0SV's) operating in the Federal Outer Continental Shelf region. Most crew
and supply ships fall in the 50-200 dwt range. These are assumed to carry
crews of five persons, and to make trips lasting an average of 1 day.

No data are available to indicate how many OSV’'s operate in state
waters. Assuming the same ratio of structures (MODU'’'s and platforms) to
0OSV's exists in state waters as in Federal waters, it is estimated that
there are 63 additional 0OSV’'s active in state waters (484 + 903) x 118).

Garbage Generation

Garbage quantities for the offshore oil and gas sector are calculated
in Table 19 on a per day, rather than a per voyage basis, since the struc-
tures are stationary and relatively permanent. Currently, all garbage with
the exception of food wastes is required by the MMS to be transported to

shore for disposal.
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Research and Other Miscellaneous Vessels

Several categories of miscellaneous vessels have also been included in
this analysis. These include vessels operated by universities and other
oceanographic research institutions, maritime academy training ships, and
various "industrial" vessels such as dredges and cable-laying ships.

Research Vessels

Numerous universities as well as private and nonprofit groups (e.g.,
Greenpeace, the Cousteau Foundation), operate oceanographic research
vessels. The Coast Guard's MSIS data base indicates that in 1987 there
were 26 vessels actively involved in oceanographic research (Coast Guard

1987b).

A 1978 profile of the world's oceanographic research fleet indicated
that a typical research cruise might involve 20-25 crew members and 10-20
scientists (Trillo 1978; cited in Parker et al. 1987). These estimates
were deemed appropriate by individuals connected with two major oceano-
graphic research institutes, the Woods Hole Oceanographic Institute (J.
Colburn, Woods Hole Oceanographic Institute, pers. commun. 1988) and the
Scripps Institution of Oceanography (G. Schorr, Associate Director, Scripps
Institution of Oceanography, La Jolla, CA, pers. commun. 1987).

School Training Vessels

Seven maritime academies in the United States operate a total of 14
ships used for training (Coast Guard 1987b). Seven of these are ocean-
designated, six are authorized for coastwise travel, and one carries a
Great Lakes designation. Only five of the vessels are greater than 1,000

GT in size.

Training ships of 1,000 GT or over are estimated to carry 150 men,
while those under 1,000 GT are estimated to carry a crew of 50. Voyage
lengths are estimated at 15 and 7 days, respectively. These estimates are
based on discussions with officials at the Massachusetts Maritime Academy,
who are familiar with the sizes and operations of vessels used at their and
other maritime academies (D. Kan, Massachusetts Maritime Academy, Buzzard's

Bay, MA, pers. commun. 1987).

Industrial Vessels

The category of industrial vessels comprises an assortment of vessel
types including dredges, cable-laying ships, and drilling ships. Their
common characteristic is that they carry crews who perform functions other
than operating the vessel. The Coast Guard’s MSIS data base indicates that
in 1987 there were a total of 85 such vessels. Of these, 57 were greater
than 1,000 GT, while 22 were under 1,000 GT. Furthermore, 69 were ocean-
designated, while 17 were designated for coastal operation only.

While it is difficult to generalize about these vessels as a group,
voyage lengths and crew complements on board have been approximated.
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Oceangoing industrial vessels of 1,000 GT or over are estimated to carry an
average of 30 persons on board and have voyage lengths averaging 15 days.
Coastal vessels of 1,000 GT are also assumed to carry crews of 30 men, but
are at sea for an average of 7 days. Both oceangoing and coastal vessels
under 1,000 GT are estimated to carry 15 persons and to operate over /-day

voyages.
Garbage Generation

Domestic garbage.--Estimates of garbage generation in these sectors
are shown in Table 20. School training ships and research vessels over
1,000 GT generate substantial quantities of garbage and plastics. Large
research vessels, for example, may generate over 10 m® of plastics from
domestic sources alone. This would be sufficient to fill an average
commercial garbage dumpster.

Research vessel wastes.--The additional quantities of plastics
associated with oceanographic research wastes are derived in Table 21.

U.S. Navy

Data from the Jane's Fighting Ships (1986) indicate that the U.S. Navy
fleet currently numbers approximately 679 active vessels (see Table 22).
Normal operational cycles for Navy vessels involve one 6-month tour of duty
outside of U.S. waters every 18 months (D. Steigman, Jane'’'s Publishing Co.,
pers. commun. 1988). Consequently, at any given time approximately one-
third of the Navy fleet is operating outside of U.S. waters.

Crew complements on board Navy vessels range from 25 men up to as many
as 5,000 on board the largest aircraft carriers. Where a range of crew
sizes was reported, crew complements shown in Table 22 represent the
average. Utilization factors while in U.S. waters range from 20 to 75%,
depending on the vessel'’'s strategic importance and its re-fit cycle
(Mullenhard, pers. commun. 1988). Steigman (pers. commun. 1988) provided
separate estimates of operating ratios for each class of Navy vessel, which
are used to derive garbage quantity estimates for these ships while in U.S.
waters.

Garbage Generation

Because of the large crew sizes and extended periods at sea, several
categories of Navy ships are seen in Table 23 to generate extremely large
quantities of wastes. Aircraft carriers with 5,000 men aboard, for example,
could generate as much as 200 MT of garbage over a 20-day cruise. Several
other categories of ships may generate 10 to 20 MT as well. Clearly, the
Navy has particular garbage handling problems.

U.S. Coast Guard

The Coast Guard operates a large fleet of vessels, ranging from small
harbor patrol boats to a pair of 121.9-m (400-ft) icebreakers. Table 24
provides a summary of the Coast Guard's fleet and indicates the number of
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Table 21.--Estimates of annual quantities of additional plastic
wastes generated by oceanographic research vessels (Eastern
Research Group estimates) (GT = gross tons).

Voyage Additional
Number of length Voyages waste per
Vessel category vessels (days) per year® year (m®)
Private vessels
1,000 GT and over 2 25 5 1.17
300-1,000 GT 15 10 13 22.78
Under 300 GT 9 10 13 13.67
National Oceanic and Atmospheric
Administration vessels
Large deepwater vessels 4 25 5 2.34
Small coastal vessels 20 10 13 30.37
Total 50 70.32

®Annual vessel utilization of 35% is assumed.

vessels in each class, the crew complement, and typical voyage durations.
This table is based upon discussions with Coast Guard operations personnel.

Coast Guard vessels are assumed to operate entirely within U.S.
waters. Utilization factors for Coast Guard vessels are similar to those
of Navy ships, and are assumed to average 50%.

Garbage Generation

Several categories of Coast Guard cutters as well as the large polar
icebreakers are estimated to generate substantial quantities of garbage
over representative voyages. The relevant quantities are shown in Table
25.

U.S. Army

The U.S. Army reports a fleet of approximately 580 crafts (G. Danish,
U.S. Army, pers. commun. 1988). Of these, only a small number are "sea
deployable."” As shown in Table 26, these include four logistic support
vessels approximately 91.4 m (300 ft) in length, 35 utility class landing
craft capable of extended trips at sea, and 10 large oceangoing tugs.

The rest of the Army’'s fleet is made up of approximately 490 "ship-to-
beach" craft of various types, used mainly for shuttling troops and
supplies to and from larger vessels anchored offshore. 1In addition, the
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Table 22.--U.S. Navy vessels by type and status (Jane’'s Fighting
Ships 1986; Navy League of the United States 1987).

Building/ Approximate “"Estimated

reactivating onboard manpower
Vessel type Active conversion complement total
Strategic missile submarines 38 5 150 5,700
Attack submarines 101 15 140 14,140
Aircraft carriers 13 3 5,000 65,000
Battleships 2 2 1,500 3,000
Cruisers 31 13 500 15,500
Destroyers 68 1 350 23,800
Frigates 100 4 300 30,000
Light forces 7 0 25 175
Light amphibious warfare ships 57 7 700-2,800 99,750
Mine warfare ships 3 6 70 210
Auxiliary ships 79 3 100-1,000 35,550
Military Sealift Command 72 18 25-120 5,220
Ready reserve force 73 0 40-1,200 45,260
Naval reserve 35 0 NA NA
Total 679 77 343,305

*Where crew complements vary within a class, the arithmetic mean of
the range is used. Total estimated complement is derived by dividing
average complement by the number of active vessels.

Army maintains 15 small harbor tugs and about 25 small outboard motor-
powered J boats.

These craft are used only intermittently during peacetime in logistics
exercises. A utilization rate of 35% is assumed for all vessels.

Garbage Generation

The largest Army ships, the logistic support vessels, carrying 40
persons on board for up to 30 days, may generate close to 2 MT of garbage
and 10 m® of plastics alone. Other vessel classes generate considerably
smaller quantities of garbage.

National Oceanic and Atmospheric Administration
Research Vessels

The NOAA operates a fleet of approximately two dozen vessels which are
engaged in atmospheric and oceanographic research (B. Cunningham, Office of
NOAA Corps, NOAA, pers. commun. 1988). These vessels range in size from
250 to 4,000 GT. Smaller vessels are estimated to carry approximately 10
persons on board, and to remain at sea for periods of approximately 1 week.




162

‘saouBIjUa JO Jaqumu syl puer 93whkoa i9d L3j3uend

‘s193es '§°f uy Suriviedo Ayyenuuv sfep jo a3wiuedied eyl o3 siejey,
238q198 (7) 10 ‘uojaeindod 1assea 1ad (1) Iay3aye® jo 3onpoad sy3 o3 jenbe 57 1wek 1ad Jydyem efwqaed 1930l

"y o1quL 935 ‘3ydjem Aq 28wqied KLip jo §/°9 sT @dwqied ojasvrd 3IyBrea £q 28eqivd 18303 Jo an 6G se paawInoIed s} Feqivd 4Laq,
025°'SLE 966 LS 199K 19d ed3wqied [wiol
0 0 VN Se 0 0 0 8L 9v2'1 601 8%0°11 121 009'81 0°¢ 00€'6 0z9 [ OAI9891 TVARN
S08°T¢L €10° 11 VN €L £98'0ST 8 139 8L 9vT'1T 601 8v0°'11 121 009'81 0°T 00£'6 029 S1 90103 9a19s91 Apway
1L's 9.8 VN L 91't S 4 6 161 £l LE€'1 ST 0s2'? 07 STT'1 SL st puszumo)
333199s A1wall1IN
8LL 1Y 80%'S VN 6L 11118 S I44 €9 G00°'T 88 0168 86 000°SY o'z 00S5°¢L 00S <1 sdiys Lxejiixny
t144 n¢€ VYN £ 95€* 11 S (24 6 ml A 91 1 001°2 0°¢2 050'1 oL ¢ sdiys ?1vjiva euyy
206°'S0T  Z8T°91 VN LS 688°€82 91 124 €L €L1'1 €01 s6L’0T  wI1 005" L1 o't 06L°8 osL't s sdjys eiejiea
snojqiydwe 3ydjq
G81 82 YN L 950'w S r2A € oS V] 9y S 0S¢L 0°2 L7414 (14 s1 sa0103 34871
0€L'1¢ 198'% VN 001 L99°8% v 14 0S %08 1L 8Z1°¢L 8L 00021 0z 000°9 00t 0T 52393113
TLi'se 198°¢ VN 89 8LL'96 v 144 65 BE6 8 91€°8 16 000°%1 0'7 000'¢L 0S¢ 0z saekoa3saq
76€°'91 718°¢ VN 1t 1549 ¢:] v r2A vg OovE'l 811 088°11  0f1 000°02 0°z 000°01  00$ 114 §198IN1)H
€LT1'E 8% VN z €EE'ene K/ 137 162 00'w  €S¢€ 0v9°'sE  16¢€ 000°09 'z 000°0€ 00S'1 0T sdjysetaavg
8%.'89 LLI ¢ VN £1 T 118 4 [24 L€8 O00%'EY LLTI'T 008'BIT %O£'T 000°00Z 0'Z 000'001 000'S 02 1973190 33VI0ATV
9¢' Y 699 VN 101 %29'9 € 9 8 1€l [t "91°1 €1 095'1 o'z 086 o1 L LELE SLUDULEE B2 RA J
LeL 11 VN 8¢ €L6°'T € € ki 09 S SES 9 006 o' 0s% 0s1 £ saujavmqns
2131s81® o}Faavaag
(@ {(IW) S9OUBIJUD STIESIA (3%) awek 1ed (%) (@ (3%) (W (3%) () (3) (Aep/3%) a3vhoa oz s (sdwp) s1oss9a KawN "S°n
3o "oN jJo ‘oN T71essaa 19d  safedop ejex 93wl aad  ml13 yaBuey
aanA aad aeak 1ad uoijez 29eqied a3eqied afvqied uojjeieuad sdep 93efop
a8wqied 98wqawy -¥113In 2335814 fag 1e3o] v37ded  uosiag
18301 diys 194
Tenuuy «23840a 19d uoy3wieuald aFeqawd djasamog

©(suo3 ofa3ew = IW ‘suol ssoad = 19) (sejewylss dnoan yoaeasay uialsey) s[assaa LaeN ‘S

;peaeiduad sayatauenb

adeqaed oy3sewop Tenuue pue ‘7ossoa 1ad ‘aFefoa 1ad jJo uoj3zeajiag--- g7 °1qel




163

Table 24.--U.S. Coast Guard fleet by type and status (Jane's
Fighting Ships 1986; Navy League of the United States 1987).

Under Approximate

Vessel type Active  Reserve construction complement
Cutters, high endurance 15 -- -- 171
Cutters, medium endurance 34 -- 7 82
Icebreakers 6 -- -- l6l
Icebreaking tugs 8 -- 1 17
Surface effect craft 3 -- -- 18
Large patrol craft 83 -- 8 11
Training cutter 1 .- -- 245
Buoy tenders, seagoing 28 -- -- 53
Buoy tenders, coastal 12 -- -- 20
Buoy tenders, inland 6 -- -- 20
Buoy tenders, river 18 -- -- 20
Construction tenders, inland 17 -- -- 20
Harbor tugs, medium 4 -- -- 10
Harbor tugs, small 14 -- -- 10
Total 249 -- 16 --

Larger vessels make voyages of up to 1 month and typically carry some 20
officers, 55 to 60 crewmen, and up to 30 scientists.

Approximately half of these vessels operate out of the NOAA base in
Seattle, while the other half are stationed in Newport News. Other bases
maintained by NOAA include Woods Hole, Miami, Pascagoula, and San Diego, as
well as one each in Alaska and Hawaii.

Garbage Generation

The largest NOAA ships may generate as much as 4 MT of garbage over a
typical 20-day voyage, and close to 20 m® of plastics from domestic sources
alone, as shown in Table 27.

Wastes associated with the research activities of these ships are
derived along with those of private research vessels in Table 21.

Other Government Vessels

Other Federal Government agencies such as the Customs Bureau and the
U.S. Army Corps of Engineers, as well as numerous state and local govern-
ment departments and agencies, may operate modest fleets of boats. No
large craft, however, are estimated to be operated by agencies other than
those discussed above. Smaller boats are included in the data presented in
the section on recreational boats, but are not separately analyzed here.
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