
llICHU-T-79-005 c. 2

NllCHU SG 79 2P

~g  rRqg

MINE'f4' flIII'T
Ess L"mt 9sIIs~itoq

PETROLEUM TRANSPORT
ON THE GREAT LAKES
RQBERT M. SCHER



This report was prepared by Mr. Scher with assistance
from Professor Harry Benford, and Mr. Ming Shiun Liu,
research assistant, Naval Architecture and Marine
Engineering, College of Engineering, The University
of Michigan.

It is the result of work sponsored by the Michigan
Sea Grant Program with funds from the National
Oceanic and Atmospheric Administration, Office of
Sea Grant, grant number 04-M01-134, and from
appZopriations made by the Legislature of the State of
Michigan.

This publication is available from:

Michigan Sea Grant
Publications Office

2200 Bonisteel Blvd.

Ann Arbor, MI 48109



PETROLEUM TRANSPORT

OH THE

GREAT LAKES

Michigan Sea Grant Report

MICHU-SG-79-213

Robert M. Scher

Department of Naval Architecture
and Marine Engineering
Co11ege of Engineering

The University of Michigan

November 1979



CONTENTS

History and Geography

Projections

WATERBORNE PETROLEUM TRAFFIC ON THE GREAT LAKES: CRUDE OIL

THE GREAT LAKES TANKER FLEET

29Tankers

35Tankbarges

Tanker and Tankbarge Market Share 39

POLLUTING INCIDENTS INVOLVING WATERBORNE PETROLEUM TRANSPORTATION

SPILL PREVENTION

CONCLUSIONS

Development and Geography of the Petroleum Traffic

49

The Existing Fleet

Spill Prevention Experience

55

REFERENCES

BIBLIOGRAPHY

APPENDIX: GREAT LAKES TANKER AND TANKBARGE DATABASE

59

ZNTRODUCTZON

WATERBORNE PETROLEUM TRAFFIC ON THE GREAT LAKES' PETROLEUM PRODUCTS



INTRODUCTION

Zt would be difficult to imagine a geographical area in which

the balance between economic necessity and environmental protection

is more delicate or complex than that of the Great Lakes region.

The economy of the region is intimately bound to the lakes: for

water supply, recreation and tourism, fisheries, and not least,

for transportation of the resources and products of some of the

most important industrial centers of the nation. Thus, the use

of the lakes has always been characterized by some degree of

conflict between competing interests and apparently irreconcilable

goals.

Nowhere have the lines of conflict been more sharply drawn

than in the transport of hazardous substances, including large

shipments of petroleum, on the waters of the Great Lakes. The

risks associated with petroleum transport are evident, certainly

in a cpxalitative sense, from recent and bitter experience on the

world's oceans.

No technological history of the 20th century would be complete

without some mention of the groundings of the ~Terre ~Csn on, the

~Ar o Nerchant, and the Amoco Cadiz ~ While the world's attention

has naturally turned to such catastrophic spills, terrible as they

are, the resulting focus of public opinion has led to governmental

and international action to reduce the probability and severity of

spills from large tankers. This, at least, is a positive repercussion

of disaster: we can learn from our mistakes or our mischances.



There is another, less hopeful, si de effect, however. As attention

centers, justifiably enough, on the special problems of massive oil

spills and of larger tankers, we tend to forget that there is a

tremendous potential for environmental violence even in a "modest"

spill of 100,000 gallons or so, literally a drop in the bucket

beside the Amoco Cadiz loss of 240,000 tons.

The consequences of a given volume of oil discharge on the

Great Lakes can be expected to differ from those in ocean coastal

areas, and probably to be more serious and long-lasting, for the

following reasons:

1. The total water mass  and biomass! of the Great Lakes is

an insignificantly small fraction of the ocean' s.

2. The limited extent of the lakes does not permit any sizable

discharge to disperse "innocuously" in the open lake; it will almost

certainly end up ashore.

3. The absence of tidal water exchange does not permit the

lakes to unburden themselves in the same way as the coastal eco-

system. As a result, a healthy ecology cannot readily be restored

from adjacent environments.

For these reasons, it is particularly important in the context of

the Great Lakes to protect the environment from petroleum discharge.

Zt is tempting to regard the lakes as an ocean in miniature,

complete with its own petroleum trade, tanker fleet, and ports.

Xt would be somewhat misleading to do so, however. Firstly, the

ships themselves, though dwarfed in absolute terms by comparison

with new generations of ocean tankers, are far larger in relation



to their environment. They aze never far from land, by ocean

standards; they spend a far greater percentage of their working

lives in restricted waters, and in heavy traffic. Port calls and

cargo handling operations aze more frequent. Secondly, the lakes,

although specialized, are not closed. Since the opening of the St.

Lawrence Seaway, a portion of the Great Lakes petroleum tonnage

has been carried in tankers designed and built foz general ocean

and coastal service. In spite of the size limitation imposed by

the Seaway locks, many of these ocean tankers are substantially

larger than the specialized intralake vessels presently operating.

For this and other reasons, they are generally less suitable for

the specialized conditions of the lakes, in terms of maneuvering

capabilities and spill-prevention equipment. Thirdly, a large

fraction of Great Lakes petroleum tonnage is carried in barges,

while the barges themselves are very nearly as large as the self-

propelled tankers in the Great Lakes fleet. This is not true of

the ocean petroleum trades.

The purpose of this report. is to present an introduction to

the Great Lakes petroleum trade, its development, its geographic

distribution, and the vessels serving it. Forecasts of the future

of this trade are presented, subject to the current uncertainties

of any projection related to petroleum. Finally, the recent

safety record of Great Lakes petroleum transport is assessed, and

compared with the larger experience of the world tanker fleet.



WATERBORNE PETROLEUM TRAFFIC ON THE GREAT LAKES: PETROLEUM PRODUCTS

Histor and Geo ra h

As shown in Fig. 1, waterborne shipments of petroleum products in

the Great Lakes trade represent a stable or slightly declining share

of the regional energy transport requirement. Apart from a few unusual

fluctuations, the total annual tonnage of petroleum products carried

by the combined U.S. and Canadian tank fleet on the 3.akes has been

surprisingly constant over the twenty-year period 1958-1977. During

that same period, the total population of the six-state region  IL3.inois,

Indiana, Michigan, Ohio, Wisconsin, and Minnesota! increased by about

L6%, while total energy consumption in the region increased at a slightly

higher rate ~

In part, the absence of corresponding growth in the marine ship-

ment of petroleum in the Great Lakes region might be explicable in

terms of larger economic forces. For example, the region's relative3.y

modest growth in manufacturing employment with respect to other regions,

the long-term migration of industrial concentration from the Great

Lakes states into the South and Southwest, and the consequent shift of

energy demand from the industrial sector to lighter commercial and

residential consumexs, might be invoked as a partial explanation  Ref. 1!.

However, the extent to which this and other demographic trends may have

inf3.uenced the curx'ent pattern of petroleum products distribution on

the Great Lakes is beyond the scope of this report.

On the supply side of the equation, it might be supposed that

the long-term constancy of the marine tonnage of petroleum products
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Figure 1. Total U. S. and Canadian shipments and receipts

of petroleum products on the Great Lakes, 1958-1977.

Source; Annual Report of the Lake Carriers Association.



reflects a decline in the relative importance of petroleum in the

regional energy supply. For the period in question, however, the

available data suggests that. this has not been the case. the petroleum

share of the total energy supply of the region has in fact increased

over most of the period. In recent years, shipments of western coal

have begun to play a new and significant role in the electric utility

sector in the Great Lakes region, and given a. favorable policy environ-

ment this trend will continue and expand  Ref. 2!. Even more topically,

recent uncertainties in supplies and prices of petroleum fuels  most

notably gasoline and diesel fuel! cast some doubt on the future

development of the energy markets. Certainly, any long-term fore-

casts regarding the relative importance of various grades of fuels in

the various consumption sectors would be perilous. However, in view

of the present lack of technologically and economically feasible
I

alternatives, and the time necessary to obtain such alternatives, it

seems undeniable that petroleum fuels will continue to be essential in

some industrial applications, as well as in the majority of transporta-

tion uses, for some years

The single most significant factor that has limited the growth

of the marine petroleum trade on the Great Lakes appears to be the

geographic structure of the trade itself, and especially the competi-

tive situation of the marine mode with respect to pipeline, rail, and

highway movement. The geography of the region is such that the majority

of industrial and population centers are directly accessible to the

overland modes from most of the regionally important refineries.

These major concentrations in the petroleum product market, including

centers of heavy industry and electric power generation, are naturally



susceptible to product pipeline service, due to the relatively high

volume and reasonably consistent demand. Smaller, outlying centers of

energy consumption, as well as intermediate nodes in the product

distribution network, can often be served by the marine mode, if only

in part.

In the regional growth process typical of the early and middle

1950's, many smaller communities remained relatively stable in both

popuLation and energy demand, as the larger industrial cities expanded.

More recently, a shift of manufacturing employment from larger to smaller

communities has effected some decentralization of regional energy demand

 Ref. 1!. In spite of this apparent reversal of effects, the over-aLL

change in the geography of the petroleum product distribution system

has been consistent. Initially, the increased concentration of popu-

lation and industry encouraged an expansion of the product pipeline

system; much of the local distribution to the "new" industrial

communities is firmly established as pipeline, rail, or over-the-road

tonnage, depending on local demand volume.

The marine mode, in essence, serves as an adjunct to the pipeline

network, and as an intermediate segment of the distribution system. In

many cases, the competitive position of the marine mode is "sandwiched"

between the pipe and the highway. Together with the complete insuscep-

tibility of many inland commodity moves, the structure of the petroleum

trade is such that the waterborne share has been characterized by

limited growth.

Nevertheless, the marine mode continues to fulfill several

important functions:

1. Providing a low-cost alternative for the distribution of



2. Serving local movements of petroleum products in and around

ports and harbors, including bunkering operations.

3. Providing a flexible transport capacity that can augment

pipeline flows during periods of high demand.

4. Serving "spot" movements of commodities which, for institu-

tional, scheduling, or geographic reasons, cannot be put into a pipe.

Tables I, II, and III record U.S. shipments and receipts of three

broad categories of petroleum products, on the Great Lakes, for the

years 1971-1976. Within each commodity, tonnages are disaggxegated by

type of movement. as follows:

Import/Export: Including Canadian and ovexseas movements, of

which the latter is a very small portion, for

petroleum products.

Domestic traffic which includes ocean carriage.

Including all domestic traffic between lake

ports, whether or not inland watezways are involved

in the movement.

Coastwise:

Lakewise:

Movements of freight within a port, or hazbor,

including bunkering.

Local:

The data shows the following general trends regarding the move-

ment of petroleum products on the lakes:

1. Total shipments of the lighter zefined products  gasoline,

petroleum products fx'om the pipehead to communities, industries, and

transshipment nodes whose tonnages are too small to justify pipeline

extension  oz rail improvement!, and too lazge to be served efficiently

ovex the road.



Table X. Total shipments of petroleum products through U. S.

ports of the Great Lakes: gasoline, !et fuel, and kerosene.  Short

tons.!

Import

Total Export Coast Local

1971 9886030

1972 6642 6721

1973 15657 19910

1974 57 4125

1975 157211

59084

7078

1976 7018

Source: Waterborne Commerce of the United States.

3344980

2843313

2765033

2098279

2044873

1823130

3071409

2682889

2606756

1977362

1799588

1740070

266553

147061

122710

116735

80996

16958



Table II. Total shipments of petro1eum products through U. S.

ports of the Great Lakes distillate fuel oil.  Short tons.!

Import
Total Export Coast LocalLake

1971

1972

1973

1974

1975

1976

Source: Waterborne Commerce of the United States.

-10-

3002239

3184471

2654298

2638660

2522421

2731499

115754

119681

50670

151817

596146

633511

2391327

2363678

2046716

1758143

1570178

1768080

494058

701112

556912

728700

356097

329908



Table III. Total shipments of petroleum products through U. S.

ports of the Great Lakes: residual fuel oil.  Short tons.!

Import

Total Export Coast Local

1971 535015

823912

2627769

3196379l972

1973 3598481 1454287 17025

1974 3085893

2877902

3437606

934946

734663

888235

1975

1976

-11-

1341676

1583973

1448138

1505571

1497316

1753576

Source; Materborne Commerce of the United States.

751078

788494

679031

645376

645923

795795



jet fuel, and kerosene! have declined by 45% over the six-year period.

While the most drastic annual decrease occurred at the time of the '73-

'74 "crisis," the decline was already established in prior years, and

has continued since. The impact of the 1979 disruptions will be

watched with some interest. The most important elements in this steady

decrease have been the losses of lakewise and, even more notably, of

local tonnage, presumably due to shifts to the land modes rather than

to such marked declines in the available market.

2. Total tonnage of distillate fuel oil has remained relatively

stable, although showing a slight downward trend. Decreases in lake-

wise and local domestic traffic have been largely counterbalanced by

receipts of Canadian imports.

3. Marine shipments of residual fuel oil have increased, with

greater domestic lakewise and import/export tonnages available. Local

movements have remained quite steady over the period.

Figure 2 indicates a comparison of the relative magnitudes of the

various product categories for the years 1971 and 1976, while Fig.3 shows a

similar comparison on the basis of movement type for the same two

years. The implication of these figures is that the recent trends

are toward the use of the marine mode for somewhat larger consignment

sizes, and for somewhat longer trips than in the past. Particularly

for local moves of the more highly refined products, the waterborne

mode appears to be relinquishing some of its former tonnage to overland

systems. Bunkering of merchant ships continues to support the local

movement of residual fuels, and to a lesser extent, blends and distil-

late fuel oils.
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Lubricating oils and greases

Naphtha and other petroleum solvents

Asphalt, tar, and pitch

Petroleum coke

Liquified gases

Asphalt building materials

Miscellaneous products

104,436

10,752

276,335

135,970

1,766

658

7,865

537,782Total tonnage

This excluded tonnage amounted to just over 6% of all products

carried in the petroleum trade in 1976.

The geographic distribution of petroleum movements on the Great

Lakes, involving shipments and receipts at U.S. ports only, is shown

in Tables IV-VI for the year 1976, disaggregated by product category

and type of movement, including direction. The largest center of

product distribution is Indiana Harbor, Ind., which accounted for a

major share of all U.S. petroleum product shipments in 1976: 77% of

gasoline and other light products, 72% of distillate fuel oils, and

nearly 50% of residual fuels. Other major shipping ports included

Chicago, Toledo, and Buffalo. This pattern of distribution is quite

typical. The annual tonnages for some of the minor ports are very

small: they represent marginal markets for the marine mode.

Certain types of petroleum products, representing a small fraction

of the total tonnage, were excluded from further consideration in this

.study. These products, together with their 1976 total Great Lakes

tonnages, were as follows:
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Pro ections

In spite of uncertainties regarding the continued reliability of

supplies of various fuels, a few recent trends may be noted:

l. In comparison with the country as a whole, the Great Lakes

region has a well-balanced dependency on the three principal fuels

 coal, petroleum, and natural gas! in its total enexgy consumption.

In particular, regional consumption of coal accounts for approximately

354 of the total energy production, as opposed to about 20% for the

nation at lazge. The remaindex' of the gross regional demand is almost

equally divided between petroleum and natural gas supplies. Zn the

long run, coal is expected to account foz an increasing fraction of

electric power generation, replacing other fuels. However, the

importance of oil fuels in transportation and agxiculture will continue.

In spite of recent congressional interest in synthetic Liquid fuels

 mainly derived from coal!, the possibility of commezical production

of such fuels in significant amounts must be considered very slight,

at Least fox the next two decades.

2. The Great Lakes region, and particularly the states of Illinois

and Wisconsin, have been in the forefx'ont of nuclear power development.

In view of the recent reverses suffered by the nuclear power industzy,

howevex', it seems likely that the continued growth of nuclear capacity

will be hindered. As a result, some of the planned generating capacity

that was originally intended to be nuclear based will necessarily resort

to another fuel. However, at present price levels, it is quite probable

that the alternative fuel will be coal, barring unforeseen tightening

of environmental requirements.



3. The Great Lakes region is, by a substantial margin, a net

importer of energy. While coal production and zeserves in the region

az'e substantial, much of the resource is environmentally unacceptable

for burning in an unblended or unmodified form. By contrast, petroleum

production in the region accounts for no more than 1% of the national

total, and reserves are of corresponding size. Therefore, the region

will continue to depend on outside sources for nearly all of its liquid

fuels until synthetic fuels become commercially feasible and economi-

cally attractive. This will probably not happen soon.

U.S. Domestic

Imports from Canada

Exports to Canada

Imports from overseas

3.9%

1.3%

-22-

Because of the basic attachment of the regional electric utilities

to coal resources, it seems unlikely that petroleum shipments will

increase markedly in the foreseeable future. On the other hand, the

dependency of domestic and transportation demand on liquid fuels shows

no sign of abating: therefore, it seems equally unlikely that ship-

ments of distillate fuels  and residual fuels for marine and industrial

applications! will decrease below a certain ground level without

implying serious economic disruptions. Accordingly, present trends

show no compelling reason to expect othe.. than modest growth in marine

tonnages over the coming two decades.

Before the present round of petroleum uncertainties, the Corps of

Engineers Great Lakes Freight Model had produced the following foze-

casts,  Ref. 3!, summarized as projected percent annual tonnage increases

for the period 197S-2000:



These projections were for the aggregate of all petroleum fuels,

for all U.S. ports on the Great Lakes-St. Lawrence Seaway System.

During the same period, Canadian domestic waterborne tzansport and

overseas imports were projected to increase at about 54 per year.

Even with an increasing dependence on foreign fuels, imports of

the refined products are not expected to amount to more than 7% of total

Great Lakes mazine tonnage, and even this fraction will not materialize

without substantial changes in the operating environment of the St.

Lawrence Seaway, including navigational improvements and season

extension. Thus, no significant new influx of saltwater tankers is to

be expected in the products trade.

Prom the standpoint. of total U.S. Great Lakes port. receipts, a

rate of increase of 3.7% per year seems excessive in view of a zegional

population growth rate of about 0.1%, and manufacturing employment

growth perhaps lower than that. It may well be that the slow growth of

regional industry, coupled with new efforts in energy conservation,

will reduce the rate of petroleum traffic growth to substantially less

than 3.7%. The geography of the existing products movement, as well

as its approximate volume, should remain faizly stable.

As mentioned above, such long-term forecasts of fuel use must

be viewed with the greatest suspicion. Recent developments in the

petroleum situation make even short-term forecasts of relatively

little value. Howevez, in this very uncertainty there is a lesson

to be learned. Under conditions of uncertain tonnages and trade

routes, the marine mode offers a very tangible advantage: a vessel

employed in a given service, or built in anticipation of a certain

economic environment, can often be shifted to another service if and
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when conditions change. Furthermore, a marine transport system allows

capital investment in discrete units, along with additional capacity

as needed. The same cannot be said of a new pipeline, or even new



WATERBORNE PETROLEUM TRAFFIC ON THE GREAT LAKES: CRUDE OIL

In- contrast to the products trade, the movement of crude petroleum

on the Great Lakes has been characterized by great fluctuation in annual

tonnage, and by geographic shifts from year to year. Table VIl shows

annual tonnage for U.S. Great Lakes ports from 1971 to 1976, by type

of movement, as described previously in connection with petroleum

products. The variability of annual flow is evident from the data.

The l976 geographic distribution of crude-oil shipments and

receipts at U.S. ports is shown in TabLe VIII. Tonnages handled through

the Chicago area dominated the 1976 traffic, and the importance of

Chicago was evident in most other years of the sampLe period.. However,

large shipments to other areas were found in other years. For example,

the unusualLy high crude-oil tonnage of 1973 centered on the Toledo,

Ohio area, while much of the 1975 traffic was directed to refineries

on the St. Clair River.

This lack of uniformity in both history and geography of the

crude-oil traffic reflects the importance of short-tern energy demands

in the distribution of the crude resource. In general, however, most

of the crude oil arriving on the lakes originates as domestic cargo

via the Great Rivers through the port. of Chicago. By contrast, the

anomalous 1973 traffic consisted largeLy of Canadian imports.

Crude-oil tonnages handled at U.S. ports are relatively small by

comparison with petroleum products, and the distribution network is

less widespread, reflecting the centralization of the refining industry.

Canadian domestic movements show the same general characteristics, al-

though the average annual tonnages are somewhat larger.



Table VII. Total shipments of crude petroleum through U. S.

ports of the Great Lakes.  Short tons.!

Import

ExportTotal Coast Meal

1971 16184 16184

1972 7355 7355

1973 9252

1974

1975 1233

1976 15826 10571

Source: Waterborne Commerce of the United States.
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Projections of the future of crude petroleum tonnage are even

more dubious than forecasts of petroleum products. A l977 Corps of

Engineers projection used an average annual rate of growth for U.S.

imports from Canada of 3.4%, for the period l97S-2000. During the

same period, Canadian imports were projected at a 4.9% annual growth

rate. These rates are probably high.
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THE GREAT LAKES TANKER FLEET

Tankers

While the total annual Great Lakes petroleum tonnage has remained

fairly steady over recent years, there has been a drastic reduction in

the number of vessels serving this tonnage. Table ZX shows the total

number of U.S. and Canadian self-propelled tankers involved in the

intra-lakes petroleum product movement for the years 1958-1977, as

compared with total annual tonnages.

The decrease in the number of tankers serving lakewise petroleum

cargoes has been accomplished mainly by an increase in vessel size.

Nevertheless, the typical Great Lakes tanker remains extremely small

by seagoing standards. Table X presents the size distribution of the

existing Great Lakes tanker fleet, excluding barges. The data have been

grouped by nationality, and the average age within each cell is indi-

cated. The number of Canadian vessels of the largest size classes

shows the influence of the St. Lawrence Seaway on Canadian petroleum

movements. It should be noted that many of these tankers are operated

on the Seaway at significantly less than their full load deadweight,

due to the Seaway draft constraints of 25.5 ft. These vessels are

frequently involved in coastal voyages as well as purely interlake

movements, and are therefore more typical of oceangoing vessels than

of tankers intended specifically for the lakewise trades. Neverthe-

less, the larger classes are becoming increasingly important in the

crude-oil and fuel-oil distribution systems, particularly as import/

export tonnage replaces the strictly lakewise and local traffic flows.
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Table ZX Number of self-propelled vessels involved in Great

Lakes domestic movements of petroleum products, 1958-1977.

Total Great Lakes

Petroleum Product

Tonnage  Millions

of Short Tons!Vessels

Source: Annual Report of the Lake Carriers Association.
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1958

1959
1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

97

100

97

88

87

80

82

74

72

67

66
71

69
65

44

42

39

36

33

31

14.0

14.4

14.3

14.9

13.9

10.8

12.4

11.2

13.0

12.1

12.8

13.1

13.9

13.3

13.8

15.1

12.7

11.5

13.2

15.1



serving the Great Lakes petroleum trades.

Avg
Year

Built

Avg
Year

Built

Deadweight

 Long ton! Number Number

American � �� Canadian-

999

1000 � 1999

2000 � 3999

4000 - 5999

6000 - 7999

8000 � 9999

10000 - 14999

15000 +

19391955

19641955

1944 1952

1963 1958

19561952 10

1953 10 1964

1969

1957

Total 18 1959

Combined

Deadweight 43353766668
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This gradual change in the character of the petroleum products

trade is probably the principal reason for the increase in average

vessel size, and the consequent reduction in the number of vessels in

the fleet. Increased vessel utilization has also resulted from slightly

faster service speeds, more efficient turnaround, and tighter scheduling.

The actual limit on the length and beam of vessels using the St.

Lawrence Seaway is 730 x 76 ft, dimensions typical of a large class of

lakes freighters. However, such pxoportions are inefficient for purely

oceangoing vessels, and no tankex of these dimensions has been built,

on or off the lakes.

Because of the specialized nature of the trades, many of the Great

Lakes tankers differ in proportions, power, and equipment from tankers

intended for coastal or ocean trades. Apart. from size, which has

already beep mentioned, specialized Great Lakes tankers are marked by

the following characteristics:

1. Relatively shallow draft. Typical Great Lakes tankers in the

size range of 6000-9000 tons deadweight  dwt! usually dx'aw 22-23 ft.

The economic value of shallow draft is dictated by the geography of

the service, in which many of the smaller ports involved have not been

dredged to the full Great Lakes - St. Lawrence Seaway draft.

2. Relatively low power and service speed. Because of the short

voyages, with frequent calls and substantial restxicted-speed mileage,

less of an economic premium is placed on service speed. Apart from

ocean-going vessels serving the St. Lawrence overseas trades, tanker

service speeds rarely exceed 12.5 knots.

3. Prevalence of twin-screw arx'angements. Of 18 American tankers

operated exclusively on the lakes, 8 are twin-screw vessels, while of
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of the remainder, 6 were built prior to 1940. Of 49 Canadian tankers,

including salt-water vessels serving the St. Lawrence Seaway during

L976, ll are twin-screw. Significantly, many smaller vessels have

adopted the twin-screw arrangement, and the trend in both fleets has

been toward this type of power-plant. Tt should be pointed out that

for relatively low-powered vessels of this size, the twin-screw plant

offers Little or no advantage in propulsive efficiency. Furthermore,

with the advent and widespread application of bow and stern thrusters,

twin-screw vessels no longer possess marked advantages in Low-speed

maneuverability. However, the added reliability of the twin-screw

propulsion systems offers several key advantages in the field of hazard.

avoidance and consequent spill prevention. A price is paid for this

additional maneuverability and reliability, however; almost without

exception, a twin-screw plant costs more to build and operate than a

single-screw plant of similar output, while its additional weight

incurs a further penalty in cargo capacity.

4. Limited extent and height of superstructures. Many of the

Great Lakes tankers are constrained by overhead clearances in the

ports and harbors on their routes. The low, compact superstructures

that are required give a distinctive appearance to tankers intended for

the purely interlake trades. By contrast, the normal superstructure

proportions of St. Lawrence Seaway and ocean-going tankers would

effectively bar these vessels from many of the smaLLer terminals.

The vast majority of tankers serving the Great Lakes are motor

vessels. Of a total of 67 self-propelled tankers, Canadian and U.S.,

59 are diesel powered. Of the remainder, at least half are older
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vessels fitted with obsolete reciprocating steam engines. At the low

horsepowers typical of these small ships, the steam turbine is placed

at an insoluble disadvantage, which is further aggravated by the usual

choice of twin-screw configuration.

Tank arrangements of Great Lakes oil carriers vary somewhat, even

among vessels of similar size and age. The newer vessels, with the

exception of bunkering tankers  ships of the smallest classes!, have

adopted either a single longitudinal bulkhead arrangement with rela-

tively short tanks, or a twin-bulkhead plan. These arrangements have

been typical of products carriers since the 1950's. The most recent

additions to the U.S. Great Lakes tanker fleets have also incorporated

a full double shell over the length of the cargo space.

Advanced vessel-handling equipment has been fitted to a number of

small Canadian tankers of between 1200 and 2100 dwt, built between

1963 and 1970. These vessels are twin-screw, of relatively low

power, and are equipped with directionally-controlled propellers of the

Harbormaster type. For local moves, and bunkering, within the confines

of a harbor or waterway, these installations provide exceptional

maneuverability, with consequ'ent improvements in both efficiency and

safety.

As of this writing, the newest and largest American tanker specifi-

cally designed and built for Great Lakes service is the 6700 gross ton

Gemini, delivered to Cleveland Tankers in 1978. On over-all dimensions

of 419 x 65 x 29 ft depth, with a cargo deadweight of 9710 long tons,

she is very little larger than the lakes tanker Amoco Illinois of 1918.

Clearly, the increase in tanker size within the Great Lakes fleet, is

a shift of the average rather than of the extreme. It is interesting
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to compare this modest growth with trends in the deep-water tanker fleet.

When built, the Xllinois was about half the size of the largest tankers

then sailing; by contrast, Gemini is about one-fiftieth of the size of

the world's largest ocean tankers.

Petroleum barging on the Great Lakes may be divided into two

distinct classes. At the smaller end of the size scale, barges have

been a traditional harbor appliance, and have carried a great deal of

the local petroleum tonnage. These barges have declined in number over

the years, however, as local movements have slowly gravitated toward

non-waterborne modes.

Above 2000 tons deadweight, however, the Great Lakes tankbarge

fleet has grown rapidly, with much of the added tonnage built during

the 1960's. Table XZ lists the characteristics of the barge fleet as

of l977, grouped by deadweight and nationality. The barge mode, in

its modern form, is largely an American innovation. The advantages

of barging, in a trade such as the Great Lakes petroleum product

movement, can be summarized briefly as follows:

l. savings in initial costs. By making use of some standardized

barge components, and by taking advantage of the relatively high

productivity of specialized barge yards, substantial economies in

building costs can be realized. 1n addition, tugs represent a virtually

"off-the-shelf" commodity in the marine transport field.

2. Savings in operating costs. Due to the present manning

regulations, a tug/barge combination can be operated with a substan-

tially reduced crew versus a ship of roughly comparable deadweight and
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Great Lakes petroleum trades

Avg
Year

Built

Avg
Year

Built

Deadweight

 Long ton! Number Number

-- � -Ameri can-- �- � � Manadian � ��

1935999

1000 � 1999

2000 - 3999

4000 � 5999

6000 +

1958

1957

1963

1972

195720Total

Combined

Deadweight
72535
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dimensions. In some cases, savings of 40% in annual crew costs can

be realized.

3. Interchangeability of system components. The tug/barge

system, because of its ability to separate the cargo-carrying and

propelling vessels, can often realize a valuable f3.ezibility in route

and schedule. Furthermore, the availability of standard units permits

a higher degree of service protection without prohibitive investments

in backup equipment.

4. Intermodality. Typical barge proportions permit vessels of

nearly 3000 dwt to operate fully loaded at the dredged river draft of

9.5 ft. The movement through the Illinois waterway, connecting the

Great Lakes with the Great Rivers, can be significantly more economical

with a barge operation.

5. Winter operations. In some situations, the tug/barge combina-

tion can be used advantageously under relatively severe ice conditions.

Often, the tug can act as an icebreaker, freeing the stuck barge and

resuming the tow. Furthermore, where ice conditions warrant, the barge

operator can double the assigned horsepower with a second tug. Both

of these techniques have been used successfully on the 3.akes ~

6. Barge-swapping capability. Where the availability of short-

term cargo makes it desirable, the operator can institute a barge-

swapping operation. The utilization of labor and capital  horsepower!

can be increased drastically by reducing the towboat's turnaround time

to an absolute minimum. In the past, the use of barge-swapping in the

petroleum trades has been limited by tonnage constraints, but changes

in the geography of the market may make this option more attractive

in the future.
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With an increased reliance on push-towing, and with technical

developments in tug/barge connection, the integrated tow  ZTB! has

largely overcome the traditional operational problems of the wire-

towed barge. These are disadvantages which have occasionally proved

particularly costly in terms of damage and loss, with a special

significance for petroleum transport:

1. Significant loss of precision in vessel handling and

maneuvering

2. Yaw instability.

3. Vulnerability to parting of the tow rope in heavy weather.

Zn modern barges, even when unsuitable weather conditions force wire-

towing operations, improved skeg designs contribute somewhat to the

safe and stable operation of wire tows. However, the penalty of these

devices is a higher horsepower requirement> and increased fuel consump-

tion. Zmprovements in cordage and towing machines have somewhat

reduced the dangers of losing the tow.

Zn the push-towing mode, which is becoming standard barge

practice, the powering disadvantage can be reduced to a few percent of

annual fuel costs, while maneuvering capabilities are essentially those

of a self-propelled vessel. The use of fully integrated tows will

certainly increase as obsolete equipment is retired from the tankbarge

fleet.

Tank arrangements of Great Lakes tankbarges closely parallel

current practice on the self-propelled tankers. The standard con-

figuration, with few exceptions, consists of a single longitudinal

bulkhead with relatively short cargo tanks. A few of the newest and
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largest. barges have also adopted double-shell construction.

Possible future developments of tug-barge technology include

the concept of multibarge operations in open water, along the lines

of present river flotillas  Ref. 4!. Although the safe operation

of multibarge combinations in relatively unprotected waters will

depend on the development of effective and economically feasible

linkage devices, not available at present, the advantages of multi-

barge systems in the petroleum trade could become significant,

particularly for the low-volume routes.

Tanker and Tankbar e Market Share

Over the past several years, the distribution of domestic

marine products tonnage on the Great. Lakes has undergone a sub-

stantial shift from self-propelled tank vessels to tankbarges.

The magnitude of this trend during the years 1973-1977 is shown

in Table XII.

The economic reasons for this apparent shift of market share

into the barge mode are not difficult to find. Barge costs per

deadweight ton are substantially less than for tankers, while the

standardization of both barge and tug designs in recent years has

permitted specialized yards to reduce initial costs even further.

Due to Coast Guard manning requirements, tug-barge combinations can

usually be operated by a smaller complement than a tanker of similar

cargo capacity. Finally, the local availability of replacement

tugs  and to an extent, barges! adds to the protection of the

service.
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Traditionally, the operational disadvantages of barges were

associated with the wire-tow, namely, additional power requirements

and maneuvering difficulties. With the advent of the fully-inte-

grated tow, however, the tug-barge system is rapidly approaching

the geometry, appearance, and capability of the conventional

self-propelled vessel. In a sense, as the two technologies converge

in form and function, it will be interesting to see whether the

economic distinctions between them will become increasingly

artificial. Elimination of the economic difference will, at that

point, depend largely on official recognition of the artificiality
of the operating differences, particularly with respect to manning
requirements.



POLLUTING INCIDENTS INVOLVING WATERBORNE PETROLEUM TRANSPORTATION

During 1976, the U.S. Coast Guard Ninth District reported 190

incidents of vessel-related petroleum spillage on the Great Lakes

and tributary waters, with a total discharge of 440,376 gallons.

Of this total volume, approximately 250,000 gallons  or about 75 4!

were recovered.

Table XZZZ summarizes 1976 vessel-related spill statistics by

vessel type, with number of incidents, total discharge, and percent

recovered. Taken together, tankships and tankbarges were the

source of over 98% of the marine-related spill volume, and almost

99% of the unrecovered spillage. Zt should be pointed out that

1976 was a "bad" year for tanker-related spills. By contrast, in

1977, the corresponding reports show l74 incidents leading to a

total released volume of 38,435 gallons, of which 43% was recovered.

Tankers and tankbarges were the source of 63% of Great Lakes marine-

related spillage for 1977 ' Zn terms of spill figures, 1977 was more

typical of the decade as a whole.

Regardless of "good" or "bad" years, the most important feature

of tanker-related oil pollution is simply that a single incident

can produce a more massive release of oil than any other marine

source. Fax example, in 1976, two incidents out of 190, that is,

1% of the occurrences, resulted in 97% of the total spill volume.

The vast majority of incidents, on the other hand, produce spills

on the order of a few gallons, or tens of gallons. This experience

is typical not only of the Great Lakes, but of other regions as

well  Ref�. 5!- -42-



Number of

Incidents
Volume

 Gallon! Total RecoveredTotalSource

Tankships

Tankbarges

Dry Cargo Vessels

Tugs & Towboats

Fishing Vessels

37 19.7% 3454 0.8%

43 22.9% 429303 97.5%

35 18.6% 1587 0.4%

1045 0.2%

83%

30%5.9%

1.6% 26

Passenger &

Recreational Vessels 15.4% 780 0.2% 18%

20%Public Vessels

Unidentified Vessels

6 9%13

3990 0.9% 83%17 9.0%

Total 188 440296

Source: Polluting Incidents in and around. U. S. Waters, CG-487.
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Table XZZZ. Vessel-related discharge of petroleum on the Great

Lakes and connecting waterways, including the St. Lawrence Seaway, 1976.



Referring back to the base year 1976, Table XI< summazizes

spill data by volume released. This table clearly shows the two-

fold nature of the problem: a large number of mall-volume spills,

usually caused by improper cargo-handling procedures and equipment

failures, punctuated by a relatively small number of high-volume

spills caused by collision, either with another vessel or a fixed

obstruction, or stranding.

In the context of the over-all regional oil-spill problem,

the marine transportation mode should be compared to other sources

of oil discharge. For 1976, non-marine sources were associated

with 588 incidents in the Great Lakes region, resulting in a total

spill of 273,757 gallons. The marine mode, based on these data,

was clearly a substantial contributor to over-all spillage, iden-

tified with almost 62% of the regional total spill volume. This

figure should be compared with the nationwide marine-transport

percentage for 1976: for that year, vessel-related spills accounted

for 46% of the total U.S. volume. Tank vessels, including both

self-propelled tankers and barges, were again the prime sources,

accounting for 97% of the vessel-related spillage, by volume

In general, the pattern of Great Lakes oil discharge from

tank vessels is fairly characteristic of the national situation

in terms of the distribution of spill causes and sizes, with one

notable exception. Due to the absence of very large tankers on

the lakes, the frequency of spills in the million gallon range is

curtailed  Ref. 7!. There is scant comfort in this, however.

Experience has shown that even a relatively "modest" spill of fuel

oil in coastal waters can have significant and costly environ-



Table XIV. Vessel-related discharge on the Great, Lakes and

connecting vaterways: cumulative distribution of spill volumes, 1976.

Spill
Volume

Gallon
Combined

Volume Total

Number of

Incidents Total

121 553

159 1759

2560

179 5356

183 8496

186 14296

Total all spills 440296 100.0%188 100.0%

Source: Ninth Coast Guard District Spill Reports.
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mental effects, both short and long-term. The West Falmouth spill

of 1969, described in Ref. 6, involved the release of about

175,000 gallons of Number 2 fuel oil  generally similar to diesel

fuel! from a stranded tankbarge. Most of the discharged oil came

ashore.

On the Great. Lakes system, spills of this magnitude are rare,

but two occurred in l976: one of 300,000 gallons on the St.

Lawrence River, of which about 80% was recovered, and another of

l25,000 gallons near Cleveland. The larger spill involved Number

6 fuel oil, substantially similar to bunker fuel, and potentially

more environmentally damaging than the lighter distillate of the

Falmouth incident. Both of these large spills involved tank-

barges: the river incident was a grounding, the Cleveland spill

was due to impact with a fixed object

Vessel Risk on the Great Lakes

Recent work on Great Lakes vessel hazards indicates that the

Loss rate for Great Lakes bulk carriers  including tankers! was

significantly Lower than for the world tanker fleet  based on data

for the years l950-L976!. L'n Ref. 8, a loss rate due to all causes

was placed at 0.00l3 per ship year, with an upper confidence limit

 95%! of 0.0022. By comparison, the total loss rate for all ocean

tankers was approximated in Ref. 5 as 0.0043, although some national

fleets were as high as 0.0075 or as Iow as 0.0018.

While the data cited in Ref. 8 were derived from a fleet con-

sisting Largely of dry bulk carriers, it could be argued that the

use of these figures is more logical than attempting to draw signifi-
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cant inferences from the far smaller fleet of Great Lakes tankers.

Zn doing so, it should be noted that there have been no losses of

Great Lakes tankers since the tanker Cardinal was declared a total

loss after being in collision, in 1974. The vessel was not sunk.

Xt would be logical to suggest that the predominance of twin-

screw arrangements and double-shell construction, and even more

importantly, efficient watertight subdivision, should combine to

make Great Lakes tankers even more secure against some vessel

hazards  collision, grounding, machinery or hull structural

failure! than the typical Great Lakes bulk carrier. However, the

corresponding risk of fire and explosion is far greater for the

tankers, although the magnitude of this risk difference is only

available for the world fleet at large. Surprisingly, the risks

are approximately equal at sea, but the tankers are at approximately

twice the risk in port  during cargo handling, tank cleaning, etc.!,

as listed in Ref. 9.

Needless to say, the loss of a loaded tanker or tankbarge on

the lakes or connecting channels would in all probability lead to

an environmentally disastrous cargo spill. Depending in great part

on the location and weather conditions surrounding the spill,

of the spill volume might be recovered, or it might not.

Even in the less drastic circumstances of a "minor" casualty,

the loss of cargo is entirely possible. For Great Lakes bulk

carriers, casualty rates tper round trip! for events not leading

to vessel loss have been estimated as follows  Ref. 8!:
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Total Rate 0.00565

The frequency data show a preponderance of grounding and

fixed-object contact, suggesting that. detailed improvements in

navigation and ship-handling systems, possibly including personnel

training, might be effective measures in reducing cargo-spill

risk. It should be noted that for a typical lakes vessel making

50 round trips per year, the probability of suffering at least one

incidence of a minor casualty, according to the above rates, is

about 0.25 in any given year. The figure may be higher for barges

than for self-propelled vessels.
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Contact with ice or fixed object

Collision

All other damage

0.003I.9

0 Ool37
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SPILL PREVENTZON

Two principal avenues are available in attempting to reduce

tanker-related oil spill probabilities and severities: changes in

operating procedures and in design of the vessels and their sub-

systems Many specific alternatives are listed in Refs. 10-13,

together with some quantitative assessments of their effectiveness.

With regard to these alternatives, the Great Lakes tanker fleet

enjoys substantial advantages over the world fleet at large:

The fleet is specialized. Vessels are specifically adapted

to the conditions and routes of the Great Lakes, and their

officers and crews are more familiar with the channels,

approaches, and ports on the lakes; trips are usually

short, and therefore frequent. This is primarily true of

the intralake fleets, of course, but saltwater vessels

are required to carry a Great Lakes pilot. Language is

not a problem in maneuvering against collision threats.

~ Traffic separation and local control are already implemented

in key locations on the lakes, notably on the St. Marys

River and at Port Huron, and on the approaches to many

ports. Upbound and downbound vessel tracks are well

separated on the open lakes as well.

Vessel speeds are low, as a matter of choice.

From the standpoint of design features, many existing Great

Lakes tankers already incorporate a number of recommended systems:
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~ Twin screws and rudders, with consequent improved maneuvering

and reliability.

Double bottoms and double shells.  The relative costs and

safety merits of double shell designs have long been

contzoversial. An exceIlent summary of arguments pro

and con may be found in Ref. 10.!

~ Relatively modest vessel size.  Great Lakes tankers are likely

to remain small, by deep-watez standards, over the coming years.!

On the other hand, it must. be remembered that in many other

ways, the Great Lakes tanker fleet is in a troublesome position:

~ The compactness of the tzade implies that a vessel must

operate for a substantial part of its lifetime in areas

of high traffic density, in shoal water, oq in port.

' Due to the shozt. trips, cargo handling operations are

frecpzent, and the possibility for minor spills is

increased.

The fleet is z'elatively aged, although this is less critical

in fresh water than in salt.

The propo«ion of cargoes carried by barge is high, and

increasing from year to year.

Due to the environmental sensitivity of the lakes, spills

of relatively small volume can z'epresent major threats.

The effectiveness of spill prevention measures in a particular

tanker fleet is difficult to assess, and it is often misleading to

try. As pointed out in Ref. 5, the simplest method of comparison,

namely, in terms of volume spilled per unit of cargo carried, is
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as follows:

3.975 0.010%

0 ~ 013%

0.001%

1976

1977

The ovez-all three year rate for the lakes is about 0.0077%, versus

a value of 0.0133% for U.S. waters as a whole. The relatively 3.ow

rate of cargo loss on the lakes is due, at least to some degree,

to the fleet mix of small, maneuverable vesse3.s, crew familiarity

with local waters, and the growing prevalence of twin-screw and

double-shell designs, both in self-propelled tankezs and barges.

-51-

not particularly useful, since it contains no information about the

distribution of spill volumes, their 3.ocations, and the actual

harm done. On the other hand, while such a simplistic measure is

of little. value in absolute terms, it may be interesting as a means

of comparing the expez'ience of two different fleets.

Typically, yearly values of the parameter for the world tankez.

fleet have averaged in the range 0.015% to 0.020%. Data foz spills

in U.S. waters show tremendous variation in spill volume from year

to year, while the number of incidents is relatively steady by

comparison. The obvious reason is that a single incident, such

significant part of the total annual cargo loss. Thus, for example,

recent U.S. experience varies from a typical value 0.011% for 1975

and 1977, to 0.018% for the "bad" year 1976.

On the Great Lakes, corresponding figures can be summarized



Zt should be pointed out, however, that there is a substantial

difference in spill prevention performance between self-propelled

vessels and barges. Zn 1976, to cite an extreme example, the barge

share of domestic petroleum traffic amounted to 46% for all commodi-

ties, yet barges accounted foz' over 99% of total cargo loss. This

comparison is scarcely fair, however, since it is unduly biased by

two very large spills. Comparable data for 1977 show a barge

market share of 53% in the domestic trades, while accounting for

92% of spill volume. Again, as in 1976, the major spills, including

two of 10,000 gallons each, and another of 3000 gallons, were from

barges. The precise reasons for the seeming vulnerability of

tankbarges may lie in several areas: maneuvering and course

stability, equipment, and crew training.

On the whole, the safety record of Great Lakes tankers and

tankbarges has been better than U.S. experience at large. However,

the natuze of the lakes environment, where even very modest spill

volumes can represent substantial damage, allows little room for

self-congratulation.
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COHCLUSIONS

Develo ent and Geo ra h of the Petroleum Traffic

The Great Lakes petroleum products trade is a mature trade,

and annual tonnage has been remarkably constant from year to year

since the late l9SO's.

2. While the steady tonnage in fact indicates a slowly

declining market share of all petroleum moves in the region, the

present climate of uncertainty in petroleum supplies may favor

investment in the marine mode as opposed to pipeline and rail

systems ~

3. Year-old projections of future growth in the marine

trade, forecasting annual growth rates in the neighborhood of 3%

to 4%, are probably too high, based on recent energy trends.

4. The distribution of products is highly diffuse, with a

few central shipping ports serving the needs of more numerous

receiving ports. The chief distributing ports in the U.S. are

Indiana Harbor, Chicago, Milwaukee, Detroit, Oswego, Toledo, and

Buffalo In Canada, tanker activity is centered on refineries in

Sarnia and Thunder Bay, Ontario, and the St. Lawrence River ports

of Montreal, Quebec City, and Sept Isles, P.Q The geographic

pattern is stable.

5. By contrast, the Great Lakes traffic in crude oil is

highly variable from year to year, both in volume and geographic

distribution. Fluctuations in the trade make projections of future

trends questionable, at best.
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The Existin Fleet

l. While the number of tankers serving the intralake trade

has steadily declined over the years, the "growth" of ships in

the fleet has been a growth of the average size, rather than an

increase in maximum vessel size. In this, the Great Lakes

experience has been unlike that of the world. tanker fleet as a

whole.

2. Specially designed lakes tankers of recent years have

favored twin-screw machinery and double=shell construction,

resulting in improved maneuverability and resistance to casualty-

related cargo loss.

3. As a rule, vessel speeds are quite low.

4. In the domestic petroleum trades, the market share of the

barge industry has grown rapidly over the past few years, and is

now over S0% of Great Lakes products moved.'

5. Ocean-going tankers operating up the St. Lawrence Seaway

are generally larger than the intralake tankers. They are pre-

dominantly single-screw vessels, built, to ocean standards, and they

frequently operate at reduced draft, adding to the possibility of

maneuvering problems.

S ill Prevention Ex erience

l. Recently published data suggest that Great Lakes vessels

are subject to somewhat lower levels of risk of loss than the world

fleet in general  Refs. 8 and 9!, in spite of a significantly older

fleet-



2. Risks of minor casualties  grounding or collision not

leading to vessel loss! are approximately equal to world risk. Zn

itself, this reflects the particularly confined and specialized

nature of Great Lakes service.

3. The rate of cargo loss, expressed in terms of total spill

volume per volume of cargo carried, is significantly lower on the

Great Lakes than in U.S. coastal waters in general, including

data for both tankships and tankbarges.

4. Tankbarges, however, account for a disproportionate share

of total cargo spillage.

5. Distributions of spill volumes are similar to general

experience: a very large number of low-volume spills accompanied

by a handful of major discharges. On the Great Lakes, however, the

limited size of tank vessels results in a skewing of the major

spills to a smaller volume, in the range of l0,000-300,000

gallons.
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APPEHDIX: GREAT LAKES TANKER AHD TANKBARGE DATABASE, 1979

The following data were obtained from a variety of sources. In many

cases, minor discrepancies between sources vere rectified. The vessels

listed weze in sezvice either on the Great Lakes  exclusively! at the end
of l978, or had delivered or received cargoes on the Great Lakes � St.

Lawrence Seaway System during the year.

The principal sources of the data were as follows:

American Bureau of Shi in Record

Llo d's Re ister of Shi in

U.S. Army Corps of Engineers Trans ortation Lines on the Great Lakes

The Tanker Re ister

Great Lakes Red Book

Annual Re ort of the Lake Carriers' Association

All relevant codes for the data are included in the listing that follows.
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