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I. INTRODUCTION AND SUMMARY 

This report covers the first of four tasks of an energy 
study of ship transportation systems conducted for the 
Transportation Conservation Division of the Energy Research 
and Development Administration (ERDA) by Booz,'Allen & 
Hamilton's Transportation Consulting Division. The objec- 
tive of each of these.tasks is as follows: 

Task 1. Develop a Marine Transportation Industry 
profile in terms of equipment, costs, operating 
profiles and energy consumption. 

Task 2. Identify the roles of all government and 
quasi-government agenci.es that impact energy use 
in the Marine Transportation Industry. 

Task 3. Identify existing and expected R&D 
, programs that could impact energy use in the 

Marine Transportation Industry. 

Task 4. Evaluate a,lternative industry futures. 
in the operational, regulatory and technological 
areas to determine the overall energy impact of 
each scenario. 

The output of this study is intended to assist ERDA 
in developing the baseline information needed to formulate 
R&D programs in the marine transportation sector'. 

1. OBJECTIVE OF TASK 1 

The objective of Task 1 of this study is to identify 
the various operating or service sectors of the Marine 
Transportation Industry and determine the numbers and types 
of vessels, their operating characteristics and energy 
consumption. This analysis includes all powered water- 
borne craft, with the exception of those owned or operated 
by a government organization and fixed offshore production 
platforms. 



2. OUR APPROACH TO TASK 1 

The approach used in this research effort consisted 
of the following four steps: 

Divide the Maritime Transportation Industry 
into sectors based on vessel types and services 

Determine the vessel population of each sector 
and identify representative vessels for each 
sector 

Identify the operating profiles associated with 
each vessel type 

Simulate operations in order to develop energy 
use patterns. 

.Each of these four steps is described in greater 
detail below. 

(1) The Marine Transportation Industry Was Divided 
Into Seven Sectors 

The Maritime industry consists of a diversified 
fleet'of watercraft that can be classified into 
seven broad operating and service sectors: 

The ocean shipping sector or those U.S. and 
foreign flag general cargo ships, dry bulk 
carriers and tankers that participate in 
the foreign commerce of the United States. 

The Great Lakes sector or those U.S. and 
Canadian vessels that participate in the . 
U.S. and Canadian Great Lakes trade. 

The coas'tal shipping sector or those U.S. 
flag vessels that participate in our coast- 
wise and intercoastal trade. 

The.offshore sector consisting of drill 
rigs and ships, pipe laying barges and work- 
boats that are employed in the discovery 
and production of offshore oil. 

The inland waterway sector consisting of - towing vessels and barges engaged in the 



transportation of predominantly bulk 
products on our inland river systems. 

The fishing and miscellaneous sector. 
Miscellaneous craft include those special 
purpose service craft operating predominantly 
in local harbor areas. 

The pleasure boat sector consisting of small 
noncommercial craft used exclusively for 
recreational purposes. 

( 2 )  The Population of Each Sector Was Determined and 
Generic Vessels Were Identified for Each Vessel 
.Type 

The populations and physical characteristics of 
the vessels in the various sectors were assembled from 
a number of sources.including the Maritime Administra- 
tion, Army Corps of Engineers, Yilitary Sealift Command, 
U.S. Coast Guard, American Waterways Operators and 
other trade associations and nongovernment organiza- 
tions. Estimates of foreign flag vessel populations 
and physical characteristics were obtained through 
assembling and correlating data from such sources as 
the Journal of Commerc'e, Drewry's Shipping Statistics 
and Economics, British Petroleum's Statistical Review 
of the World Oil Industry, Containerization' Interna- 
tional Yearbook, and the Maritime Administration 
Statistical Review of the World Merchant Fleet. 

. Using data available, generic ships, representa- 
tive of the typical vessel types found in each of the 
industry sectors were identi,fied. Each industry 
sector and the generic vessels identified to represent 
that sector are discussed in greater detail in the 
following chapters. 

( 3 )  Operating Profiles Associated With Each Industry 
Sector and Vessel Type Were Developed 

Defining the operating profiles 'or duty cycles 
for generic vessels involved calculating round trip 
voyage lengths, time spent at sea; time spent in 
port, and deadweight utilization fact0r.s. 



Operating profiles for the ocean shipping sector 
were based on and calculated for all essential tra'de 
routes as defined by the Maritime Administration. 
Where available, empirical data describing weight 
and space utilization, voyage lengths, etc., were 
obtained from various U.S. shipping companies. In 
the absence of such data, operating characteristics 
were developed based on distances between major ports, 
itineraries published in the Journal of Commerce, and 
the operational experience of Booz, Allen's Maritime 
Group. 

For the various dome,stic shipping sectors, Corps 
of ~ngineers data and information supplied by the 
Maritime Administration, trade associations and 
operators, were used in compiling operating profiles. 
These sources provided productivity estimates in 
ton-miles, average haul distances, typical locking . 

times, and information on the types of commodities 
carried in the domestic shipping sectors. 

(4) Maritime - Transportation Operations Were Simulated 
in Order To Develop Energy Use Patterns 

Trading patterns were developed on the basis of 
commodities movement identified for the year 1974. 
The year 1974 was selected as it was the latest for 
which data was available from the Maritime Administra- 
tion for the ocean shipping sector and the Army Corps 
of Engineers for the.Coastal,Great Lakes and Domestic 
Inland sectors. The generic vessels developed in the 
second step were applied to the commodity movement 
consistent with the operating profiles developed in 
Step 3. The number of ship cycles required to 
support this level of trade were calculated and the 
energy required to support this .level,of activity was 
determined. A more detailed explanation of the 
energy consumption calculations is contained in 
Appendix A. 

3. FINDINGS AND CONCLUSIONS 

Our energy consumption analysis of the Marine Trans- 
portation Industry has led to five major findings. 



(1) The Marine Transportation Industry Consumes 2.95 
Quads* Annually ' 

Utilizing the latest annual trade statistics 
available (1974), it is estimated that the Marine 
Transportation Industry consumes 2.95 quads annually. 
Table 1-1 provides a summary of the industry's 
productive activity and energy consumption by industry 
sector. This energy consumption figure reflects the 
fuel or energy estimated by Booz, Allen to be required, 
(regardless of purchase point), by all vessels 
(regardless of flag) when.engaged in the foreign and 
domestic commerce of the United States. 

Table 1-1 
Productivity and Energy Consumption Summary of the 

Marine Transportation Industry . . 

Prior to the Arab oil embargo in 1974, the 
questions of fuel consumption rates and their reduc- 
tion were either not addressed by operators or given 
a very low priority due to the relatively minor 

* one quad is equal t o  1015 ~ t u s .  

Percent of Total 
Energy Consumed 

80.0 

1.8 

3.0 

4.0 

2.2 

8.2 

0.8 

1 00.0 

Energy 
Consumed 

(quads) 

2.360 

0.052 

0.009 

0.1 12 

0.064 

0.241 

0.032 

2.950 

Long Tons of 
Cargo Moved 

(Millions) 

654.9 

175.3 

535.8 

21 3.0 

- 

- 

- 

1,579 

Sector 

Ocean 

Great Lakes 

li-lland Waterways 

Coastal 

Offshore 

Pleasure Craft 

Fishing & Misc. 

Total 

Population 

4,800 

690 

2,400 

1,930 

620 

7,400,000 

90,300 

7,500,740 



impact that changes in the rate in fuel consumption 
had on total transportation costs. Consequently, a 
shortage of data exists concerning energy consumption 
in the industry, and until recently, few comprehensive 
studies have been initiated to determine the industry's 
energy intensiveness. As a result, our estimates of 
the energy consumption of the industry carry a degree 
of uncertainty. Th,e methodology developed to calcu- 
late energy consumption required a number of assump- 
tions. The major assumptions are: 

In the ocean shipping sector a specific 
vessel. was dedicated to one trade route, as 

' defined by the Maritime Administration. In 
reality vessels frequently deviate from these 
trade routes. 

In all sectors a generic vessel was applied 
to historical trade flows. The degree to 
which these generic vessels accurately 
represent a cross section of each trade and 
sector is unknown. 

In the Maritime industry vessel capacity is 
generally measured in deadweight* tons or 
cubic feet and trade flows are measured in 
tons. A deadweight utilization factor, 
based on historical averages was applied to 
each generic vessel type in order to com- 
pensate for variations in both.cargo densities 
and vessel utilization. In reality the 
amount of a vessel's weight c a r r y i l l y  capa- 
bility actually used varies significantly 
based on factors such as: 

- Vessel operator 
- Type of cargo carried 
- Industry sector 
- Season of the year 
- Direction of the trade flow 
- Shipping technology used 
- Depth of water at pier side. 

* Deadweight-+ term describing the weight carrying capacity of 
a cargo ship, it includes 'the weight of cargo, crew, stores, 
and fuel and is measured in long-tons of 2240 pounds. 



In almost all bulk trades and to a lesser 
degree liner trades the trade flows are 
not balanced as far as tonnages moving in 
both directions. In the bulk trades, vessels 
typically spend half their life in ballast. 
The extent to which the search for back 
haul cargos effect operating profiles and 
energy consumption is unknown. 

The analysis of the recreational boating 
sector relied on 1973 U.S. Coast Guard 
data describing populations, sizes and 
operating patterns. These 1973 operating 

' 

patterns were applied to 1975 recreational 
boating population statistics. The extent 
to which operating profiles identified in 
1973 accurately represent those occurring 
in 1975 is unknown. 

The fishing and miscellaneous, and offshore 
sectors are so diverse tha.t meaningful 
operating profiles could not be developed. 
As a result, the analysis used for these 
sectors differs from that developed for 
the other sectors. 

These factors effect the calculated marine transporta- 
tion energy consumption figure of 2.95 quads. It is 
estimated that the uncertainty associated with our 
estimate of total industry energy consumption could 
reach plus or minus 25 percent. 

(2) Energy Consumption in the Marine Transportation 
Sector Represents 15 Percent of the Energy 
Consumed for Transportation Services 

The Energy Research and Development Administra- 
tion estimates that the nonmaritime transportation 
services consume 16.55 quads as shown in Table 1-2. 
Adding the 2.95 quads calculated for marine sector 
yields 19.50 quads used by all transportation modes. 
The Marine Transportation Industry represents 
approximately 15 percent of this total. 



Table 1-2 
Energy Consumed for Transportation Services 

Source : Marine consurr~gtion rep~esents 
estimates provided by Booz, 
Allen & Hamilton. All other 
estimates are provided by 
the Energy Research and 
Development Administration. 

Sector 

Highway 

Air 

Pipeline 

Rail 

Marine 

Total 

(3) The Ocean Shipping Sector Consumes 8 0  Percent of 
the Estimated Marine Transportation Energy Re- 
aui'rements 

Of the estimated 2.95 quads required to support 
the Marine Transportation Industry, Table 1 - 3  
indicates that the ocean shipping sector accounted 
for 2.36 quads or 80 percent. Table 1-3 provides 
a distribution of the total ocean shipping sectors 
energy requirements among the five types of shipping 
service identified. 

Energy 
Consumed 

(Quads) 

12.91 

1.92 

1.15 

0.57 

2.95 

19.50 

A Maximum of 35 Percent of the Energy Required 
by the Mar'ine Transportation Industry Is Pur- 
chased in the U.S. 

Percent of 
Total Energy 

Consumed 

66 

10 

6 .  

3 

15. 

100 

Table 1-4 presents a summary of all the marine 
fuels purchased in the United States. This total of 



Table 1-3 
Energy Requirements of the 

Ocean Shipping Sector 

Table 1-4 
Reported U.S. Purchases of Marine Fuel, 1974 

Service Type 

Liner 

Tramp 

Dry Bulk 

Tankers 

Passenger 

Total 

(Quads 1 

Energy Requirements 
(Quads) 

0.53 

1.08' 

0.33 

0.33 

0.08 

2.36 

Sources :  "Bunker F u e l , "  U.S. Department o f  
Commerce, Bureau o f  t h e  Census.  

Percent of 
' Total 

22 

46 

14 

14 

4 

100 

"Mineral  I n d u s t r y  Survey,!' U.S. 
Departrr~ent o f  I n t e r i o r ,  Bureau 
o f  Mines. 

Trade 

Domestic 

Ocean 

Total 

" P r i v a t e  and Commercial Nonhighway 
U s e  o f  Gasoline-1974," U.S. Depart-  
ment o f  T r a n s p o r t a t i o n ,  FHA. 

Gasoline 

0.09 

0.09 

Total 

0.37 

0.44 

0.81 

Residual 

0.19 

0.39 

0.58 

Distillate 

0.09 

. 0.05 

0.14 



.81 quads represents 35% of the total energy 
requirements or 2.95 quads presented earlier in 
Table 1-2. 

1. Approximately 20 Percent of the Energy Con- 
sumed by the Ocean Shipping Sector is Pur- 
chased in the United States 

Further inspection of Table 1-5 shows 
that 0.37 quads were reported purchased 
by the domestic sectors and 0.44 quads 
were reported purchased in the U.S. by the 
ocean shipping sector. This 0.44 quads 
represents approximately 20 percent of 
the ocean shipping sector's estimated 
energy requirements. Table 1-5 displays 
the percentage of fuel required by the ocean 
shipping sector by flag of registry and 
purchase point. 

Table 1-5 
Ocean Shipping Fuel Requirements* 

* Based on "Bunker Fuels"  publ i shed  U . S .  Department 
o f  Commerce, Bureau of  Census. 

Vessels 

2. The Present Energy Reporting Systems 
Account .for Approximately 60 Percent of 
the Estimated Domestic Requirements 

The "Mineral Industry Survey" published 
by the U.S.. Department of. Interior, Bureau of 

Point of Purchase 

United States Overseas 

.I25 

1.795 

1.920 

Quads 
- 

43% 

1 6% 

20% 
1 

U.S. 

Foreign Flag 

All Vessels 

Quads ---- 
57% 

84% 

80% 

Percentage 

.090 

.350 

.440 

Percentage 



Mines, and the "Private and Commercial   on- 
highway Use of Gasoline - 1974" published by 
the Federal Highway Administration report 
fuel representing 0.37 quads as purchased for 
domestic marine use in 1974. This represents 
appro~~imately 60 percent of the 0.59 quads 
estimated for the six domestic shipping sectors 
as shown in Table 1-2. Table 1-6 provides a 
comparison of the fuel reported sold vs. estimated 
requirements. 

Table 1-6 
Comparison of Fuel Reported Sold for Marine 

Use vs. Estimated Requirements 
(Quads) 

1 From T a b l e  1-4. 

2 From T a b l e  1-1. 

Percent to Which Reported Sales 
Represent Estimated Requirement 

20% 

63% 

27% 

The low percentage that is shown for our 
foreign trade has been previously explained as 
being caused by foreign purchases. The rationale 
for the relatively low percentage that domestic 
purchases represent of domestic requirements is 
difficult to explain. A partial'explanation for 
the differential may be due to 

Estimated Requirements 
(0uadsI2 

2.36 

0.59 

2.95 

Trade 

Foreign 

Domestic 

Total 

The purchase of fuel by fishing and 
pleasure craft at nearby foreign loca- 
tions 

Reported Sold 
(Quads) ' 

0.44 

0.37 

0.81 

The nonreporting of consumption by 
vessels under charter to the major 
petroleum production and refining 
companies in support of offshore 
drilling and production activities or 
petroleum product distribution efforts. 



4. ORGANIZATION OF THE REPORT 

This report is organized into eight chapters. This 
first chapter is intended to provide an introduction to 
the ~verall.assignment, a summary of our approach to the 
problem, and the major findings and conclusions. 

The following chapters each address themselves to 
one of the seven industry sectors identified above. In 
each chapter the industry sector is described in terms of: 

Population 
Operating profiles 
Energy consumption 
Typical or generic vessels 
Costs 
Cargo movements. 

The depth of treatment o£.each sector varies due to avail- 
ability of data and its importance as an energy consumer. 



11. THE OCEAN S H I P P I N G  SECTOR 



THE OCEAN SHIPPING SECTOR 

. The oceangoing merchant  f 1 e e t . i ~  d e f i n e d  a s  t h o s e  
s t e e l - h u l l e d ,  s e l f - p r o p e l l e d  v e s s e l s  of  o v e r  1 ,000 g r o s s  
r e g i s t e r e d  t o n s  capab l e  o f  o p e r a t i n g  i n  t h e  U.S. f o r e i g n  
t r a d e .  T h i s  c h a p t e r  p r o v i d e s  a  comprehensive d i s c u s s i o n  
of  t h e  f o u r  s e r v i c e s  p rov ided  by t h e  ocean s h i p p i n g  s e c t o r .  

'1. THE OCEAN SHIPPING SECTOR REPRESENTS 5 PERCENT OF THE 
COMMERCIAL POPULATION AND CONSUMES 80 PERCENT OF THE 
ENERGY REQUIRED BY THE MARINE TRANSPORTATION INDUSTRY 

The U. S. economy g e n e r a t e d  approx imate ly  655  m i l l i o n  
long  t o n s  o f  seaborne  impor t s  and e x p o r t s  i n  1974. Ta- 
b l e  11-1 i n d i c a t e s  t h a t  there a r e  n e a r l y  4,800 v e s s e l s  en- 
gaged i n  t h i s  t r a d e .  Approximately 7 p e r c e n t  o r  3 4 0  of  
t h e s e  v e s s e l s  a r e  r e g i s t e r e d  under  U.S. f l a g .  Tab l e  11-1 
summarizes t h e  r e s u l t s  of  t h e  a n a l y s i s  of t h e  ocean s h i p p i n g  
s e c t o r  by f l a g  of r e g i s t r y .  

Tab l e  11-1 
Ocean S e c t o r  bv F l a q  

The ocean sh ipp ing  s e c t o r  can be  subd iv ided  i n t o  f o u r  
major  s u b s e c t o r s  a cco rd ing  t o  t h e  t y p e  of  s e r v i c e  o f f e r e d .  

L i n e r  
Non l ine r  o r  t ramp 
Dry bu lk  
Tanker.  

Tab l e  11-2 summarizes t h e  r e s u l t s  of  t h e  a n a l y s i s  of  
t h e  ocean s h i p p i n g  s e c t o r  by s e r v i c e  and f l a g  o f  r e g i s t r y .  
Energy r equ i r emen t s  w e r e  c a l c u l a t e d  based on 1974 c a r g o  

Btusl 
Ton-Mile 

827 
619 

63 3 

- 

. Btus 
in Quads 

.215 
2.145 

2.360 

' Billions 

Ton-Miles 

260.1 
3,467.4 

3,72'7.5 

Millions 
of 

Tons Carried 

45.0 
6 10.0 

655.0 

Flag 

U.S. 
Foreign 

Total 

Population 

340 
4,434 

4,774 



data. �� he method used to derive energy consumption is 
described in Appendix A. 

Table 11-2 
Ocean Sector by service* 

- 
? Foreign flag population figures are Booz, Allen estimates. 

These four service groups are estimated to have consumed 
2 .36  quads of energy, 91 percent of which was consumed by 
foreign flag vessels. 

Btus 
in 

Quads 

,163 

.447 

.019 

1.061 

,006 

.33 1 

.027 

.306 

2.360 

Vessel 

Type 

Liner 

Tramp 

Dry Bulk 

Tanker 

Total 

(1) Liner Vessels Represent 26 Percent of the Ocean 
Shipping Population and Consumed 26 Percent of 
the Energy Estimated for the Ocean -. Shipping Sector 

--," ... . ., .-..- 

Liner vessels operate as common carriers and pro- 
vide a regularly scheduled service between specified 
ports. This portion of the ocean shipping sector is 
characterized by fast ships moving relatively high 
value cargo. There are a variety of vessel types 
employed in liner service. This variety in vessel 
typcs is a resulk uf the growth of intermodal trans- 
portation. The intermodal vessels call on fewer ports 
and minimize port time due to their more efficient 

Flag 

US 

. FF 

US 

F F  

US 

FF 

US 

FF 

Population 

2 70 

9 84 

3 

2,500 

17 

500 

50 

450 

4,774 

Billions 

of 

Ton-Miles 

1 17.3 

256.4 

9.6 

729.5 

13.1 

1,035.6 

120.1 

1,445.9 

3,727.5 

Millions 

of 

Tons Carried 

15.4 

36.1 

6.4 

152.6 

2.0 

145.9 

21.2 

275.3 

655.0 

Millions of 

Btusrrons 

10.6 . 
10.2 

3.0 ' 

7.0 

2.9 

2.3 

1.3 

1.1 

1.6 

Btusl , ' 

Ton-Mile 

1,391) 

1,430 

1,990 

1,450 

442 

320 

228 

212 

590 ' 



cargo handling techniques and links to other trans- 
portation modes. Liner vessels have been classified 
according to ship type in the following five categories: 

Break-bulk and partial container 
Container . 
Roll-on/Roll-off 
Barge carriers 
Passenger. 

Table 11-3 identifies the generic vessels used for each 
ship type and the trade routes to which they were ap- 
plied.. The trade routes used in this analysis are 
those'defined by the Maritime Administration as essen- 
tial to U.S. foreign trade and described in Appendix B. 
The five largest liner trade routes are illustrated in 
Figure 11-1. 

Foreign flag vessels ca'rried approximately 70 per- 
cent of the liner tonnage in 1974 and consumed 73 per- 
cent of the total energy required for liner service. 
In terms of energy consumed per long ton of cargo car- 
ried, liners were found to be the least efficient ves- 
sels in the ocean sector due to their obligation to 
maintain scheduled service and the high volume to 
weight ratio of the cargo carried. 

1. Break-Bulk and Partial Container vessels 
Accounted for 53 Percent of Liner Cargo 
Tonnage and 59 Percent of the Total Liner 
p~ 

Energy Requirements 

Break-bulk and partial container vessels are 
designed primarily for the carriage of packaged 
cargoes. These vessels are equipped with cargo 
.booms to facilitate the loading .and discharge of 
cargo. Partial container vessels are generally 
break-bulk vessels that have been converted so 
they are able to accommodate a limited number of 
containers either on the main deck, and often, 
one or more holds are cellularized to carry con- 
tainers exclusively. Included in this group are 
combination cargo-passenger ships, capable of 
carrying up to 200 passengers, which depend,pri- 
marily on cargo for their revenues. The typical 
break-bulk vessel is described in Table 11-4. 
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The operating profiles of break-bulk vessels 
differ from other liner vessels in that they 
typically make more port calls and require longer 
voyages than the intermodal type vessels. These 
vessels also spend more time in port because of 
the relatively slow method of loading and dis- 
charging cargo. As a result, their typical voy- 
ages are considerably longer than other liner 
vessel types. 

Table 11-4 
Typical U.S. Break-Bulk Vessel 

Energy consumption for break-bulk liner ves- 
sels was estimated at 0.357 quads in 1974, of 
which 71 percent was consumed by foreign flag 
vessels. 

2. Containerships Accounted for 29 Percent of .-- 
Liner Carso Tonnase and 15 Percent of Total 

DWT 

13,500 

Liner Enerav.Reauirements 

Foreign flag break-bulk liners operating. in the 
U.S. foreign trade have similar characteristics 
except that they are predominantly diesel-powered. 
Current foreign construction costs are 30 to SO 
percent below domestic costs. 

Speed 
(Knots) 

19 

Containerships are designed to carry unitized 
cargo in the form of steel or aluminum "vans" or 
containers. The standard meaaure of container 
capacity is a container 20' x 8" x 8' called the 
20 foot equivalent unit (TEU). Fully container- 
ized vessels have a cellular structure allowing 
the vessel to accommodate only containers. The 
containerization concept allows for the cargo to 
be packed and sealed by the shipper, trucked to 
the ship, loaded. aboard and discharged from the 
ship and trucked directly to the consignee with 
a minimum handling of the cargo. Containerships 
rely on quick turnaround to stay viable. The 
method of cargo handling virtually assures a mini- 
mum stay in port and prior to the 1974 oil embargo, 

HP 

14,500 

1976 Estimated 
Construction 

Cost 

$30 million 

. Engine 

Turbine 

1976 Estimated 
Daily Operating 

Cost - 
$6,190 



new containerships were being built with increasing 
speed capability for the ocean voyage. One example 
is the Sea-Land SL-7 class containerships, which 
is compared tonfour typical container vessels 
in Table 11-5 below. i '  

Table 11-5 

. Container vessels were estimated to have 
consumed .094 quads of energy in 1974 with foreign 
flag containerships accounting for 64 percent. 

3. Roll-on/Roll-off (Ro/Ro) Vessels Accounted 
for 12 Percent of Liner Cargo Tonnage and 
9 Percent of Total Liner Energy Requirements 

Deadweight 

12,000 

1 6,500 

18,500 

23,000 

27,000 (SL-7) 

Ro/Ro vessels are designed to load and dis- 
charge mobile cargo and other unitized cargoes 
capable of being driven aboard by forklift. 
Trailers, automobiles, and other self-p'ropelled 
vehicles comprise the major cargo carried by these 
vessels. Ro/Ro vessels utilize an extensive inter- 
nal movement of cargo. 

Container 

Engine 

Steam 
Turbine 

Steam 
Turbine 

Steam 
Turbine 

Steam . 
Turbine 

Steam 
Turbine 

' Horsepower 

8,000 

1 7,000 

18,000 

28,000 

120,000 

Vessels 

Speed 
(Knots) 

16 

20 

20 

23 

33 

Estimated 197.6 
Construction 

Cost in 
Millions of Dollars 

' 16.1 

32.2 

43.1 

47.4 

79.2 

Estimated 1976 
Daily 

Operating 
Cost 

$ 8,300 

$ 8,300 

$ 8,900 

$ 7,300 

$12,000 



The s t o r a g e  c a p a b i l i t y  o f  t h e  Ro/Ro s h i p  i s  less 
t h a n  o t h e r  l i n e r  t y p e s  d u e  t o  t h e  u n u t i l i z e d  c u b i c  
s p a c e  above and below t h e  wheeled c a r g o .  The 
c h a r a c t e r i s t i c s  of t h r e e  t y p i c a l  Ro/Ro v e s s e l s  i s  
shown helow i n  T a b l e  11-6. Ro/Ro v e s s e l s  a r e  
e s t i m a t e d  t o  have  r e q u i r e d  .056 quads  of  ene rgy  
i n  1974 w i t h  F o r e i g n  f l a g  Ro/Ro v e s s e l s  ac-  
c o u n t i n g  f o r  79 p e r c e n t  o f  t h e  t o t a l .  

T a b l e  11-6 
Ro/Ro V e s s e l s  

4 .  Barge C a r r i e r s  Accounted f o r  7  P e r c e n t  o f  
L i n e r  Cargo Tonnage and 3 P e r c e n t  of  T o t a l  
L i n e r  Enerav Reauirements  

Estimated 1976 
Daily 

Operating 
Cost 

$8,200 

$7,200 

$6,500 

- 

Barge c a r r i e r s  r e p r e s e n t  a  r e l a t i v e l y  new 
form o f  i n t e r m o d a l i s m  i n  which b a r g e s  a r e  p re -  
l o a d e d ,  m e e t  t h e  l i n e  h a u l  v e s s e l  a t  a  s p e c i f i c  
p o i n t ,  and a r e  h o i s t e d  aboard .  There  a r e  two 
p r i n c i p a l  t y p e s  of  b a r g e  c a r r i e r s  i n  o p e r a t i o n  
t o d a y ;  t h e  Sea-Barge .and t h e  " l i g h t e r  aboard  s h i p "  
o r  Lash v e s s e l .  The Sea-Barge employes an  ele- 
v a t o r  i n  t h e  s t e r n  o f  t h e  s h i p  f o r  l o a d i n g  and 
d i s c h a r g i n g  i t s  b a r g e s ,  w h i l e  t h e  Lash v e s s e l  
u s e s  a  t r a v e l i n g  g a n t r y  c r a n e  t o  p i c k  up t h e  
b a r g e s  a t  t h e  s t e r n  and c a r r y  them o v e r  t h e  deck 
t o  t h e  h o l d s .  T a b l e  11-7 compares t h e  two t y p e s  
o f  b a r g e  c a r r i e r s .  

Estimated 1076 
Construction 

Cost 
(in Millions of Dollars) 

$16.1 

$32.2 

$56.7 

Speed 
(Knots) 

24 

22.5 

22.5 

Engine - Deadweight Horsepower 

10,000 

16,500 

18,000 

1 1,000 

22,000 

25,000 

Steam 
Turbine 

Steam 
Turbine 

Steam 
Turbine 



. F o r e i g n  f l a g  b a r g e  c a r r i e r s  s e r v i n g  t h e  U.S'. t r a d e  
t y p i c a l l y  r a n g e  from 44,000 t o  48,000 deadweight  
t o n s  and make 19 k n o t s .  C o n s i d e r i n g  t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  of  b o t h  U.S. and f o r e i g n  f l a g  . 
b a r g e  c a r r i e r s ,  t h e  g e n e r i c  v e s s e l s  shown i n  
T a b l e  11-8 w e r e  chosen a s  r e p r e s e n t a t i v e  o f  t h e  
t y p e  o f  v e s s e l s  s e r v i n g  t h e  U.S. t r a d e .  

T a b l e  11-7 
Comparison of  U.S. Sea-Barge and 

Lash Barge C a r r i e r s  

T a b l e  11-8 . 
Gener ic  Barge C a r r i e r s  

Estimated 1976 

Daily. 

Operating 

Cost 

$9,400 

$9,400 

The energy  consumed by b a r g e  c a r r i e r s  i n  1974 
was e s t i m a t e d  t o  be' .017 q u a d s ,  o f  which 94 p e r c e n t  
was consumed by U.S. f l a g  v e s s e l s .  

Estimated 1976 

Construction 

Cost 

in Millions of Dollars 

3 3 

28 

5. P a s s e n g e r  Vessels Represen t  7  P e r c e n t  o f  
t h e  L i n e r  P o p u l a t i o n  and Consumed 3 P e r c e n t  
o f  t h e  E s t i m a t e d  L i n e r  Energy Requirement 

Speed 

(Knots) 

20.0 

22.5 

P a s s e n g e r  s h i p s  a r e  s l e e k ,  f a s t  v e s s e l s  t h a t  
can  accommodate more t h a n  200 p a s s e n g e r s  on c r u i s e s  
r 'anging from s h o r t  i s l a n d - h o p p i n g  t r i p s  t o  t r a n s -  
a t l a n t i c  c r o s s i n g s .  p a s s e n g e r  l i n e r s  i n  t h e  U.S. 
f o r e i g n  t r a d e  o p e r a t e  c r u i s e s  p r i m a r i l y  t o  t h e  
Car ibbean ,  C e n t r a l  America, and Europe o r i g i n a t i n g  
from N e w  York, F l o r i d a ,  and ' C a l i f o r n i a  p o r t s .  
F l o r i d a  p o r t s  have  been t h e  t r a d i t i o n a l  l e a d e r s  

Engine . 

Steam 

Turbine 

Steam 

Turbine 

Speed 

22 

22 

Engine 

Steam 
Turbine 
or 
Diesel 

Deadweight 

33,000 

42,000 

Horsepower 

36,000 

32,000 

Type 

Seabee 

Lash 

Deadweight Utilization 

60% 

60% 

Horsepower 

33,000 

38,000 

Deadweight 

38,000 

30,000 



w i t h  h a l f  t h e  number o f  p a s s e n g e r s  embarking t h e r e .  
R e c e n t l y ,  however,  c e r t a i n  g u l f  p o r t s  have  emerged 
a s  major  p o r t s  o f  enibarkat ion  f o r  w i n t e r  c r u i s e s .  
Most c r u i s e s  a r e  s h o r t ,  l a s t i n g  from 7 t o  1 0  days  
w i t h  r e l a t i v e l y  l i t t l e  p o r t  t i m e .  

According t o  s e v e r a l  p a s s e n g e r  c r u i s e s h i p  
a s s o c i a t i o n s ,  it i s  e s t i m a t e d  t h a t  approx imate ly  
84 f o r e i g n  s h i p s  s e r v e  t h e  U.S. c r u i s e  t r a d e .  
Approximately t w o - t h i r d s  of t h e  p a s s e n g e r  v e s s e l s  
s e r v i n g  t h e  U.S. c r u i s e  t r a d e  a r e  powered by s team 
t u r b i n e  e n g i n e s .  T a b l e  11-9 g i v e s  t h e  c h a r a c t e r -  
i s t i c s  of two t y p i c a l  p a s s e n g e r  v e s s e l s .  

T a b l e  11-9 
T y p i c a l  P a s s e n g e r  Vessels 

x Size is in Gross Registered Tons (GRT), a measure 

of the internal volume of a vessel in which 100 
cubic feet is one ton, excluding spaces exempted 
from measurement by law. 

These  f o r e i g n  f l a g  v e s s e l s  w e r e  e s t i m a t e d  t o  
have  r e q u i r e d  0.08 quads  o f .  ene rgy  i n  1974,  66 
p e r c e n t  o f  which was r e s i d u a l  "Bunker C" f u e l .  

Speed 
(Knots) 

20 

22.5 

Tramp V e s s e l s  Represen t  52  P e r c e n t  of  t h e  Ocean 
Sh ipp ing  P o p u l a t i o n  and Consumed'46 P e r c e n t  o f  
t h e  Energy E s t i m a t e d  f o r  t h e  Ocean S h i p p i n g  S e c t o r  

Engine 

Steani 
Turbine 

Steam 
Turbine 

Size* 

' 20,000 G KT 

30,000 G RT 

Tramp v e s s e l s ,  i n  c o n t r a s t  t o  l i n e r  v e s s e l s ,  o f f e r  
i r r e g u l a r  s e r v i c e  and a r e  a v a i l a b l e  f o r  h i r e  t o  a  
s h i p p e r  under  e i t h e r  a  t i m e  o r  voyage c h a r t e r ,  t o  l o a d  
and d i s c h a r g e  s p e c i f i e d  c a r g o  between such  p o r t s  a s  t h e  
c h a r t e r  s t i p u l a t e s .  I n  some c a s e s  f o r e i g n  f l a g  o p e r a t o r s  
move t h e i r  v e s s e l s  between l i n e r  and t ramp s e r v i c e .  
T h i s  i s  p a r t i c u l a r l y  t r u e  i n  t h e  ocean s e r v i c e  t o  t h e  
G r e a t  Lakes. Another  p e r t u r b a t i o n  o c c u r s  when an  op- 
e r a t o r  o f f e r s  b e r t h  s e r v i c e  i n  one d i r e c t i o n  on a  t r a d e  

Horsepower 

20,000 

26,000 



r o u t e  a n d  c o n t r a c t  o r  t ramp s e r v i c e  i n  t h e  o t h e r  d i r e c -  
t i o n .  A . t y p i c a 1  tramp v e s s e l  i s  g e n e r a l l y  o f  t h e  break-  
b u l k  v a r i e t y  b u t  i s  d i f f e r e n t  i n  t h a t  it i s  a  g e n e r a l l y  
o l d e r  and s lower  v e s s e l  w i t h  a  s m a l l e r  c a r g o  c a r r y i n g  
c a p a c i t y .  Because t h e  t ramp movements r e p r e s e n t  a  cha r -  
t e r  marke t ,  t h e  wor ld  p o o l  of  g e n e r a l  c a r g o  f r e i g h t e r s  
can  b e  drawn upon. The e s t i m a t e  of  2,500 t ramp s h i p s  
o p e r a t i n g  i n  t h e  U.S. f o r e i g n  t r a d e  i s  r e p r e s e n t e d  by . 

t h e  t y p i c a l  t ramp v e s s e l  d e s c r i b e d  i n  T a b l e  11-10. 

T a b l e  11-10 
T y p i c a l  Tramp V e s s e l  

Tramp v e s s e l s  a r e  t h e  l a r g e s t  ene rgy  u s e r s  i n  t h e  ocean 
s e c t o r .  Of t h e  e s t i m a t e d  1 .08  quads  of  ene rgy  r e q u i r e d  
by tramp v e s s e l s ,  98 p e r c e n t  was consumed by f o r e i g n  
f l a g  v e s s e l s ;  Tramp sh ipments  accoun ted  f o r  approx i -  
ma te ly  159 m i l l i o n  t o n s  of  c a r g o  i n  1974 (24 p e r c e n t  
of  a l l  ocean s e c t o r  c a r g o  t o n n a g e ) , o n l y  4 p e r c e n t ' o f  
t h i s  t o t a l  moved i n a U . S .  f l a g  t ramp v e s s e l s .  F ig-  
u r e  11-2 i l l u s t r a t e s  t h e  f i v e  l a r g e s t  n o n - l i n e r  t r a d e  
r o u t e s .  

Size 

8,400 D W T  

Dry Bulk C a r r i e r s  Represen t  11 P e r c e n t  of  t h e  
Ocean Sh ipp ing  P o p u l a t i o n  and Consumed 1 4  P e r c e n t  
of  t h e  Energy E s t i m a t e d  f o r  t h e  Ocean S h i p p i n g  
S e c t o r  

Horsepower 

5,000 

Dry b u l k  c a r r i e r s  a r e  d e s i g n e d  t o  c a r r y  such  b u l k  
c a r g o e s  a s  g r a i n s  and o r e s .  T h i s  g roup  a l s o  i n c l u d e s  
o r e / b u l k / o i l  (OBO) v e s s e l s  s u i t e d  f o r  b o t h  t h e  l i q u i d  
and d r y  b u l k  t r a d e s .  L i k e  t ramp v e s s e l s ,  -dry  b u l k  
c a r r i e r s  a r e  c h a r t e r e d  on a  t i m e  o r  voyage b a s i s ,  and 
a r e  drawn from t h e  wor ld  p o o l .  Three  t y p i c a l  d r y  b u l k  
c a r r i e r s  a r e  d e s c r i b e d  i n  T a b l e  11-11 on t h e  f o l l o w i n g  
page  

Dry b u l k  c a r r i e r s  a r e  engaged i n  i m p o r t i n g  such 
commodit ies  a s  s u g a r s ,  f e r t i l i z e r s ,  i r o n  o r e ,  and 
e x p o r t i n g  such  commodit ies  a s  g r a i n ,  c o a l ,  and f e r t i l -  
i z e r s  t o  and from t h e  Uni ted  S t a t e s .  Dry b u l k  s h i p -  
ments  p r i m a r i l y  o r i g i n a t e  o r  t e r m i n a t e  i n  e a s t  and g u l f  

Engine 

Diesel 

Speed 
(Knots) 

14 

Efficiency 

40% D W T  
Util izatiorr 
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c o a s t  p o r t s .  These v e s s e l s  t y p i c a l l y  c a l l  a t  one o r  
two p o r t s  on e a c h  l e g  of  t h e  voyage and r a r e l y  spend 
more t h a n  1 o r  2  days  i n  p o r t .  The t y p i c a l  o p e r a t i n g  
p r o f i l e  o f  a d r y  b u l k  c a r r i e r  i s  loaded i n  one  d i r e c -  
t i o n  and b a l l a s t  on t h e  r e t u r n  l e g .  There  i s  seldom 
any o p p o r t u n i t y  f o r  backhau l  c a r g o .  

T a b l e  11-11 
Dry Bulk C a r r i e r s  

I t  i s  e s t i m a t e d  t h a t  approx imate ly  148 m i l l i o n  
long  t o n s  of  c a r g o  moved by d r y  b u l k  c a r r i e r  i n  1974,  
r e p r e s e n t i n g  2 3  p e r c e n t  of a l l ' o c e a n  c a r g o  tonnage .  . 
The f i v e  l a r g e s t  d r y  b u l k  t r a d e  r o u t e s  a r e  i l l u s t r a t e d  
i n  F i g u r e  11-3. Approximately . 3 3 7  quads  of  ene rgy  
were r e q u i r e d  t o  s u p p o r l  khe d ry  b u l k  t r a d c ,  o f  which 
98 p e r c e n t  was consumed by f o r e i g n  f l a g  d r y  b u l k  
c a r r i e r s .  

( 4 )  Tankers  R e p r e s e n t  11 P e r c e n t  of  t h e  Ocean Sh ipp ing  
P o p u l a t i o n  and Consumed 1 4  P e r c e n t  of  t h e  Energy 
Es t ima ted  f o r  t h e  Ocean S h i p p i n s  S e c t o r  

DWT 
Utilization 

96% 

96% 

96% 

Tankers  a r e  d e s i g n e d  f o r  t h e  c a r r i a g e  o £  l i q u i d  
b u l k  c a r g o e s  such a s  c r u d e  o i l ,  r e f i n e d '  p e t r o l e u m  
p r o d u c t s ,  c h e m i c a l s  and e d i b l e  o i l s .  These  v e s s e l s  
a r e  also used t o  move d r y  b u l k  c a r g o e s  t h a t  can  b e  
handled  u s i n g  pumping o r  s u c t i o n  sys tems .  They have  
been employed e x t e n s i v e l y  i n  t h e  U.S. f o r e i g n  g r a i n  
t r a d e .  T a b l e  11-12 p r o v i d e s  a  r e p r e s e n t a t i v e  l i s t i n g  
of  t h e  t a n k e r s  i n v o l v e d  i n  t h e  Unl ted  S t a t e s  f o r e i g n  
t r a d e .  

Deadweight 

20,000 

30,000 

40,000 

Engine 

Diesel 

Diesel 

Diesel 

Horsepower 

8,000 

10,000 

1 1,000 

Speed 
(Knots) 

15 

15 

15 
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A s  w i t h  d r y  b u l k  c a r r i e r s ,  t a n k e r s  t y p i c a l l y  c a l l  
a t  o n l y  one  p o r t  on each l e g  of  t h e . v o y a g e ,  spend a  
minimum amount o f  t i m e  i n  p o r t ,  and c a r r y  no backhau l  
c a r g o .  

T a b l e  11-12 
T y p i c a l  Tankers  

Near ly  297 m i l l i o n  l o n g  t o n s  of  c a r g o  w e r e  t r a n s -  
p o r t e d  by t a n k e r  i n  1974,  r e p r e s e n t i n g  45 p e r c e n t  o f  
a l l  ocean s h i p p i n g  c a r g o  tonnage.  Tankers  proved t o  
be  t h e  most e f f i c i e n t  u s e r s  of  ene rgy  i n  t h e  ocean 
s e c t o r .  I t  i s  e s t i m a t e d  t h a t  , 3 3 3  quads  of energy  was 
r e q u i r e d ,  92 p e r c e n t  of  which was consumed by f o r e i g n  
f l a g  t a n k e r s .  I n  t e r m s  o f  ene rgy  consumed p e r  l o n g  
t o n  o f  c a r g o  d e l i v e r e d ,  t h e  t a n k e r  i s  t h e  most ene rgy  
e f f i c i e n t  v e s s e l  t y p e  i n  t h e  ocean s e c t o r .  

A s p e c i a l i z e d  c a t e g o r y  of  t a n k e r s  i s  d e s i g n e d  f o r  
t h e  c a r r i a g e  of l i q u i f i e d  n a t u r a l  g a s  ( L N G )  and l i q u i -  
f i e d  pe t ro leum g a s  (LPG). There  a r e  24 e x i s t i n g  LNG 
t a n k e r s  i n  t h e  wor ld  f l e e t  w i t h  a  c a p a c i t y  o f  between 
1 ,000  and 125,000 c u b i c  meters o f  LNG.  Al though none . 
o f  t h e s e  v e s s e l s  a r e  under  U.S. r e g i s t r y ,  1 6  a d d i t i o n a l  
LNG t a n k e r s  a r e  under  c o n s t r u c t i o n  i n  U.S. s h i p y a r d s  
and due t o  b e  d e l i v e r e d  d u r i n g  1977 and 1978. The LNG 
t a n k e r  d e s c r i b e d  i n  T a b l e  11-13 i s  t y p i c a l  o f  t h e  f u t u r e  
Uni ted  S t a t e s  LNG f l e e t .  These  v e s s e l s  a r e  u s i n g  
"Bunker C" and c a r g o  b o i l - o f f  a s  f u e l .  

Percent DWT 
Utilization 

96 

,96 

96 

96 

96 
Crude pe t ro leum d e s t i n e d  f o r  t h e  Uni ted  S t a t e s  

g e n e r a l l y  o r i g i n a t e s  i n  Sou th  America, A f r i c a ,  and t h e  
Arab ian  G u l f ,  w h i l e  c l e a n  pe t ro leum p r o d u c t s  move p r i -  
m a r i l y  from t h e  Car ibbean a r e a  t o  t h e  U.S. e a s t  c o a s t .  
F i g u r e  1 1 - 4  g i v e s  an  i l l u s t r a t i o n  of  t h e  f i v e  l a r g e s t  
t a n k e r  t r a d e  r o u t e s .  

DWT 

20,000 

40,000 

65,000 

80,000 

150,000 

Engine 

Diesel 

Diesel 

Diesel 

Diesel 

Diesel 

Horsepower 

7,000 

9,000 

. 14,000 

16,000 

20,000 

Speed 
(Knots) 

14 

14 

15 

15 

15 
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Table  11-13 
U.S. F u t u r e  LNG F l e e t  

2.  ALTHOUGH THE OCEAN SHIPPING SECTOR CONSUMES 8 0  PERCENT 
OF THE MARINE TRANSPORTATION ENERGY REQUIREMENT, ONLY 
20 PERCENT I S  PURCHASED I N  THE.UNITED STATES 

The major  p o r t i o n ' o f  bunker ing  a c t i v i t y  by v e s s e l s . e n -  - 

gaged i n  t h e  U.S. f o r e i g n  commerce t a k e s  p l a c e  o v e r s e a s . .  
T a b l e  1 1 - 1 4  d i s p l a y s  t h e  p e r c e n t a g e  o f  f u e l  r e q u i r e d  by t h e  
ocean s h i p p i n g  s e c t o r  by f l a g  of  r e g i s t r y '  and p u r c h a s e  p o i n t .  

Deadweight 

63,000 

T a b l e  1 1 - 1 4  
Ocean Sh ipp ing  F u e l  Requirements* 

Speed 
(Knots) 

20.5 

Horsepower 

43,000 

* Based on "Bunker Fuels" published U.S. Department 

of Commerce, Bureau of Census. 

Engine 

Steam 
Turbine 

Capacity 

1 25,000m3 

Vessels 

U.S. 

Foreign Flag 

All Vessels 

Of t h e  e s t i m a t e d  .215 quads  of  ene rgy  r e q u i r e d  by U.S. ves-  
sels  i n  t h e  ocean s h i p p i n g  s e c t o r ,  approx imate ly  43 p e r c e n t  
was r e p o r t e d  s o l d  i n  t h e  Uni ted  S t a t e s  by t h e  U.S. Depar t -  
ment o f  Commerce, Bureau of  Census. The Bureau of  Census 
a l s o  r e p o r t e d  t h a t  of  t h e  2.145 quads  r e q u i r e d  by f o r e i g n  
f l a g  v e s s e l s  approx imate ly  16  p e r c e n t  was s o l d , i n  t h e  Uni ted  
S t a t e s .  

Estimated 1976 
Construction 

Cost 

$125 million 

Bunker f u e l  s a l e s  i n  t h e  Uni ted  S t a t e s  t o  f o r e i g n  
- . v e s s e l s  had been d e c l i n i n g  u n t i l  t h e  Arab o i l  embargo, due 

t o  lower f u e l  p r i c e s  ab road .  S i n c e  t h a t  t i m e ,  p r i c e  c o n t r o l s  
have  k e p t  U.S. f u e l  p r i c e s  low r e l a t i v e  t o  o v e r s e a s  sources, 
and bunker  f u e l  s a l e s  i n  t h e  U.S. have  been i n c r e a s i n g .  

Point of Purchase 

United States Overseas 

Quads 

.09 

.34 

.43 

Quads 

.I25 

1.800 

3.925 

Percentage 

43% 

16% 

20% 

Percentage 

67% 

84% 

80% 





111. THE GREAT LAKES SECTOR 

The Great Lakes sector of the U.S. merchant fleet has 
been defined as those vessels operating within the Great 
Lakes/St. Lawrence Seaway system. The system stretches 
for more than 2,300 miles from the Atlantic 0cea.n to mid- 
America, with a controlling depth of 27 feet. Traditionally, 
the Great Lakes operating season has been cut short by the 
winter season, as icing on the lakes has rendered navigation 
virtually impossible. In recent years, successful attempts 
have been made in extending the operating season in certain 
sections from 10 to 12 months. There are 16 locking points 
and more than 155 miles of channels and canals in the system. 

1. WATERBORNE COMMERCE ON THE GREAT LAKES CONSISTS PRE- 
. DOMINANTLY OF THE MOVEMENT OF DRY BULK COMMODITIES IN 

THE U.S. DOMESTIC TRADE 

Waterborne commerce in the Great Lakes can be divided 
into the following categories: 

Domestic interlake and intralake movements or 
trade between U.S. ports within a specific 
lake or between lakes 

Trans-lakes movements between the United States 
and Canada 

Overseas' foreign movements. 

Table 111-1 presents the distribution of cargo tonnage 
among these three Great Lakes service areas. 

Table 111-1 
Great Lakes Trade During 1974 

Source: "Domestic Waterborne Trade of the United States 1967-1974," 
Maritime Administration, U.S., Dept. of Commerce. 

1 

Percent 

75 
20 

5 

100% 

Service 

Domestic 
Trans-Lake 
Overseas Foreign 

Total 

Total Trade in 
Millions of Long Tons 

138.2 
37.7 
8.1 

184.0 



V 
The table indicates that 184 million long tons of water- 
borne commerce moved during 1974. This represents 12 
percent of the total U.S. waterborne commerce during the 
year. 

The domestic trade accounted for 75 percent of total 
trade on the lakes, as shown in Table 111-2. This partic- 
ular trade is predominantly a bulk trade with bulk commod- 
ities representing 75 percent of the domestic trade. 

Table 111-2 
1974 Movement of Bulk Commodities in 

Great Lakes Domestic Trade 

Source: Waterborne Commerce of the  United S ta tes .  

Iron ore is the major moving commodity on the lakes 
and represents nearly.50 percent of our domestic commerce. 
Figure 111-1 shows the pattern of iron ore movements on 
the lakes. 

Percent 

64 
28 

1 
1 
1 
1 
1 
1 
2 

100%' . . 

Commodity 

Iron Ore and Concentrates 
Limestone 
Nonmetallic Minerals 
Sand, Gravel, Crushed Rock 
Wheat 
Distillate Fuel Oil 
Gasoline 
Residual Fuel Oil 
Other 

Total 

, 
2. THE GREAT LAKES IS UNIQUE TO WATERBORNE TRANSPORTATION 

AS IT PRESENTS A DEEP DRAFT NAVIGATION ALTERNATIVE TO 
OTHER TRANSPORTATION MODES 

In Millions of 
Long Tons 

66.4 
29.5 

1.4 
1.1 
1 .O 
1.6 
1.4 
1.3 
2.0 

104.3 

Unlike'any other U.S. waterway, the Great Lakes 
provides shippers and consignees with a deep draft all- 
water alternative to other transportation modes. This is 
especially important in the overseas trade. As was 
indicated in Table 111-1, over 8 million tons of cargo 
moved overseas from U.S. Great Lakes ports. The likely 
alternatives for this cargo is a rail or truck movement to 
east coast ports and a barge or rail movement to gulf 



FIGURE 111-1 
I r o n  O r e  Movements on t h e  Great  Lakes 



coast ports. The cargo would then be loaded aboard 
ship at these ports for the continuation of its routing 
to Europe, South America or the Far East. The Great Lakes 
alternative provides all shippers with savings in trans- 
portation costs because of the competitive interaction 
between modes and is more efficient than the overland 
methods from an energy perspective. 

3. THE GREAT LAKES SECTOR REPRESENTED 1 PERCENT OF THE 
COMMERCIAL VESSEL POPULATION AND CONSUMED APPROXIMATELY 
1.8 PERCENT OF THE ENERGY REQUIRED BY THE MARINE TRANS- 
PORTATION INDUSTRY 

Table 111-3 provides a productivity and energy consump- 
tion profile of the Canadian and U.S. Great Lakes fleets. 

The fleet accounted for nearly 102 billion ton miles 
of service in 1974 or approximately 3 percent of that 
reported for the ocean sector. The fleet consumed 511 Btus 
for each ton-mile of service provided. By comparison, 
the ocean sector consumed approximately 20 percent more 
fuel per ton-mile of service provided. 

Table 111-3 
Production and Energy Consumption Profile 

of the Great Lakes Fleet 

Ship 
T V P ~  

Dry Bulk 

Tanker 

Tug 

Total 

Millions 
of 

Btusl 
Ton 

0.27 
0.24 ' 

0.35 
2.90 

0.1 8 
1.60 

0.30 

Flag 

U.S. 
Canada 

U.S. 
Canada 

U.S. . 

Canada 

Btusl 
Ton-Mile 

543 
484 

652 
587 

304 
320 

51 1 

Btus 
(in 

Quads) 

.036 

.008 

.002 

.003 

.001 

.002 

,052 

Population 

172 
128 

16 
43 

203 
1 30 

692 

Millions 
of 

Tons 
Carried 

132.80 
32.10 

4.63 
0.90 

3.89 
0.99 

175.31 

Billions 
of 

Ton- 
Miles 

71.4 
16.1 

2.5 
4.5 

2.3 
5.0 

101.8 



The ta5le indicates that the fleet consists primarily 

Dry bulk carriers 
Tankers 
Tug boats. 

In addition, a limited number of packaged freighters 
and ferries operate in the lakes. Typical characteristics 
of these ship types are presented in Table 111-4. 

The Great Lakes/St. Lawrence Seaway system is a 
freshwater system. The vessels are not subjected to 
corrosion caused by the interaction between seawater 
and the vessel's hull. As a result, many of the vessels 
in the lakes remain in service far longer than normally 
encountered in other maritime sectors as evidenced in 
Figure 111-2. Table 111-4 presents typical characteristics 
of the major Great Lakes vessels. 

After inspection of Tables 111-3 and 111-4, the 
following observations may be made about the principal 
types of ships in the lakes: 

Dry bulk carriers represent 39 percent of the 
c re at Lakes fleet; carry 94 percent of the tonnage 
involved in the domestic and Canadian trades and 
consume 85  percent of the fuel used in the Great 
.Lakes sector. 'Most of the dry bulk 'commodities 
moved are carried on U.S, flag ships. They 
carried 80 percent of the products and consumed 
82 percent of the fuel used by all dry bulk 
carriers in the lakes. 

Tankers represent 8  percent of the number of 
ships; carry less than 7 percent of the tonnage 
and consume approximately 10 percent of the 
fuel. As shown in Table 111-4, tankers are 
considerably smaller than their oceah counter- 
parts. 

Tugs represent 43 percent of the number of ships; 
are responsible for less than 3 percent of the 
'cargo movements and consume approximately 10 
percent of the fuel. The inbalance between 
the population and productivity of tug 



~abie 111-4 
Average Characteristics of Great Lakes Vessels 

Characteristic 

Population 

#Steam 

# Diesel 

Deadweight 
Tons 

Gross Tons 

Length 
in Feet 

Breadth 
in Feet 

Draft 

Horsepower 

Speed in Miles 
per Hour 

Flag 

U.S. 
Canada 

U.S. 
Canada 

U.S. 
Canada 

U.S. 
Canada 

U.S. 
Canadd 

U.S. 
Canada 

U.S. 
Canada 

U.S. 

Canada 

U.S. 
Canada 

Tugs 

203 
1 30 

0 
0 

203 
1 30 

- 
- 

103 
1 50 

64 
79 

18 
21 

Depth 
9 

Depth 
10 

900 
1,750 

9 

Dry Bulk 
Carriers 

172 
128 

135 
69 

37 
59 

15,000 
18,000 

8,800 
12,000 

596 
61 4 

6 1 
66 

24 

25 

4,000 
5,000 

. 12 

Tankers 

16 
43 

4 
6 

12 
37 

3,700 
7,400 

1,740 
4,700 

259 
377 

42 
53 

14 

21 

1,540 
3,300 

12 

Package 
Freighters 

20 
8 

0 
2 

20 
6 

85 
6,000 

100 
4,300 

80 
374 

22 
51 

7 

20 

440 
4,300 

9 

Car 
Ferrles 

39 
12 

7 
0 

32 
12 

- 
- 

1,330 
530 

1 60 
112 

38 
33 

9 

8 

1,780 
660 

9 



FIGURE 111-2 
Age Distribution Comparison of 

the Great Lakes Fleet 

SOURCE: GREENWOOD'S GUIDE TO GREAT LAKES SHIPPING 1975. 
CANADA U.S. 



boats is caused by the fact that oftentimes tugs 
are required to attend overseas vessels during 
maneuvering and docking and undocking and because 
of the considerable amount of out of service 
time experienced by tugs. 

Package ferries represent 4 percent and ferries 
account for 6 percent of the Great Lakes popula- 
tion. 

Compared to oceangoing ships and coastal ports, develop- 
ment of the Great Lakes fleet and ports has been relatively 
slow. It is likely that, as efforts to extend the seaway 
season and to promote shipping on the lakes continue, develop- 
ment could occur both in shipping and cargo handling tech- 
nology in the Great Lakes fleet. 



IV. THE COASTAL SHIPPING SECTOR 



IV. THE COAS.TAL SHIPPING SECTOR 

The coastal shipping sector of the U.S. merchant fleet 
'was defined as those vessels transporting cargo in the U.S. 
domestic deep-sea trade, which is protected from foreign 
competition by the Jones Act. This 'sector includes the 
non-contiguous trades with Puerto Rico, Hawaii, and Alaska. 

1. THE COASTAL SHIPPING SECTOR IS DOMINATED BY BULK 
COMMODITY MOVEMENTS 

Nearly all of the cargo movements in the domestic 
deep-sea trade consist of bulk commodities transported by 
either tanker or barge. In 1974, nearly 213 million long 
tons of cargo was carried in this trade, 90 percent of 
which was bulk commodities as shown in Table IV-1. 

Table IV-1 
Coastal Shipping Commodities 

Source: "Waterborne Commerce of the United Sta tes ,"  Corps of 
Engineers, U . S .  Army. 

Movements of non-bulk commodities are handled predominantly 
by coastwise container feederships and Ro/Ro ships,. The 
'coastal fleet was divided into the fol'lowing three.categories: 

Percent of Tonnage 

76% 

13% 

11% . 

'i 00% 

Tanker 
Tug/barge 
Other coastal. 

Billion of 
Ton-Miles 

225.0 

37.3 

32.2 

294.5 

Commodity 

Petroleum & Products 

Other Bulk . 

Other 

Total ' 

Millions of 
Tons 

162.7 

27.0 

23.3 

213.0 



' The c o a s t a l  s e c t o r  h a s  l o n g  been t h e  s t a g i n g  ground 
f o r  t h e  development  of  un ique  s h i p  t y p e s  such  a s  t h e  
c o n t a i n e r  s h i p ,  t h e  i n t e g r a t e d  t u g / b a r g e  and t h e  p a r c e l  
t a n k e r .  A f t e r  development  t h e s e  s h i p  t y p e s  a r e  g e n e r a l l y  
deployed i n  o u r  c o m p e t i t i v e  f o r e i g n  t r a d e s . .  T a b l e  IV-2 
p r e s e n t s  t y p i c a l  c o a s t a l  v e s s e l s .  

Tab le  IV-2 
C o a s t a l  S h i p  Types 

2; APPROXIMATELY 80 PERCENT OF U.S. FLAG TANKERS ARE 
EMPLOYED IN THE COASTAL SHIPPING SECTOR 

Tankers  employed i n  t h e  c o a s t a l  s h i p p i n g  s e c t o r  have 
t h e  same c h a r a c t e r i s t i c s  a s  t h o s e  i n  t h e  ocean shipp. ing  
s e c t o r ,  and many p a r t i c i p a t e  i n  b o t h  t r a d e s .  

Tanker 

Tug 

Other 

The c u r r e n t  employment o f  t h e  U.S. f l a g  t a n k e r  f l e e t  
i s  shown i n  Ta.ble IV-3. 

Deadweight 

40,000 

- 

7,800 

Movement o f  t a n k e r s  i n  and o u t  o f  t h e  c o a s t a l  s h i p p i n g  
s e c t o r  i s  d i c t a t e d  by marke t  demand. F o r  example,  many . 

t a n k e r s  a r e  employed i n  t h e  g r a i n  t r a d e  on s p o t  c h a r t e r s  
and l a t e r  r e t u r n e d  t o  d o m e s t i c  pe t ro leum s e r v i c e .  With 
t h e  coming o f  t h e  w i n t e r  s e a s o n ,  some o f  t h e  U.S. t a n k e r s  
employed i n  f o r e i g n  t r a d e  a r e  d i v e r t e d  t o  domes t i c  s e r v i c e  
t o  move .win te r  f u e l  o i l  requi reme.nts .  

Speed (MPH) 

18 

9 

15.5 

Horsepower 

12,000 

2,000 

6,000 

Engine 

Steam 
Turbine 

Diesel 

Steam 
Turbine 



Table' IV-3 
Current Employment of U.S. Tankers 

Source: "Merchant Marine Data Sheet," Maritime Administration 
1 September 1976. 

THE COASTAL SHIPPING SECTOR REPRESENTS 2 PERCENT OF 
THE NON-RECREATIONAL POPULATION AND CONSUMES 4 PERCENT 
OF THE ENERGY REQUIRED BY THE MARINE TRANSPORTATION 
TNDUSTRY 

Deadweight Capacity 
In Thousands of Long Tons 

501 
1948 
980 

2968 
472 
706 

692 
1266 
754 

10,287 

Area of Employment 

Foreign Trade 

Nearby Foreign 
Overseas Foreign 
Foreign to Foreign 

Domestic Trade 

Coastwise 
Intercoastal 
Noncontiguous 

M.S.C. 
Inactive 
Laid-Up 

Total 

The coastal shipping sector carried nearly 213 million 
long tons of waterborne commerce and over 316 billion ton- 
miles of activity in 1974. It is estimated that 2,000 
vessels are engaged in this trade. The coastal shipping 
sector is estimated to have,consumed .12 quads of energy 
in 1974. Table IV-4 summarizes the results of the analysis 
of the coastal sector by vessel type. A detailed explana- 
tion of the method used to derive energy consumption is 
given in Appendix A. 

#Vessels 

15 
37 
4 

96 
16 
22 

23 
23 
18 

254 



T a b l e  I V - 4  
C o a s t a l  S e c t o r  B y  V e s s e l  Type 

(1) Tankers  Account f o r  Approximately 70 P e r c e n t  o f  -. 
Cargo Movements and 66 P e r c e n t  o f  t h e  Energy 
Required  by t h e  C o a s t a l  S h i p p i n g  S e c t o r  

Domestic deep-sea  t a n k e r s  a r e  ma in ly  engaged i n  
c a r r y i n g  c l e a n  pe t ro leum p r o d u c t s  and c h e m i c a l s  between 
E a s t ,  W e s t  and ' .Gulf  Coas t  p o r t s .  

Btus 

in 

Quads 

,020 
.071 
.02 1 

. l l 2  

Tankers  spend a  minimum amount o f  t i m e  i n  p o r t ,  
t y p i c a l l y  one  day ,  and c a r r y  no backhau l  c a r g o .  Tankers  
w e r e  t h e  h e a v i e s t  u s e r s  o f  ene rgy  i n  t h e  c o a s t a l  s h i p -  
p i n g  s e c t o r ,  consuming a p p r o x i m a t e l y  .079 quads  o f  
ene rgy  o r  66 p e r c e n t  of  t h e  s e c t o r ' s  p o r t  r e q u i r e m e n t s .  
Tankers  have t h e  second b e s t  e n e r g y  e f f i c i e n c y  i n  t h e  
c o a s t a l  s e c t o r  due t o  t h e i r  l a r g e  s i z e  and h i g h  dead- 
w e i g h t  u t i l i z a t i o n .  

Btusl 

Ton-Mile 

278 
355 

941 

380 

( 2 )  Tug/Barge O p e r a t i o n s  Accounted f o r  23 P e r c e n t  o f  
Carao Movements and 17  P e r c e n t  o f  t h e  Enerqy 
Required  by t h e  C o a s t a l  -.-. S h i p p i n g  S e c t o r  

Ton- 

Miles 

(Billions) 

73.0 
199.8 
21.7 

294.5 

Tons 

Carried 

(Millions) 

53.0 
144.0 

16.0 

213.0 

Vessel 

TugIBarge 

Tanker 

Other 

Total 

These v e s s e l s  a r e  p r i m a r i l y  engaged i n  t r a n s p o r t i n g  
o i l  and d r y  bu lk  commodit ies  a l o n g  t h e  A t l a n t i c  and 
Gulf C o a s t s ,  i n t o  t h e  Car ibbean ,  and a l o n g  t h e  P a c i f i c  
Coas t  t o  Alaska  and Hawaii ;  some v e s s e l s  s e r v i c e  t h e  
o f f s h o r e  o i l  i n d u s t r y .  

- - 
Btusl 

Ton 

(Millions) 

0.38 
0.49 

1.32 

0.53 

Population 

1,561 ' . 
173 

200 

1,934 

I n  ocean b a r g e  movements, p r o p u l s i o n  is prov lded  
by t u g b o a t s  e i t h e r  p u l l i n g  b a r g e s  w i t h  a  t o w l i n e  o r  
push ing  them. The n e a r l y  1 ,600  ocean t u g b o a t s  r a n g e  
from 100 f e e t  t o  o v e r  150 f e e t  i n  l e n g t h  and d e v e l o p  
from 1 ,500  t o  o v e r  9 ,000 horsepower .  The t y p i c a l  t u g -  
b o a t  i s  125 f e e t  i n  l e n g t h  and i s  powered by a  1 , 5 0 0  
t o  3,200 horsepower d i e s e l  e n g i n e .  i 

I V -  4 



Some t y p i c a l  ocean  b a r g e s  and t y p e s  o f  c a r g o  a r e  
shown i n  Tab le  IV-5. 

T a b l e  IV-5 
T y p i c a l  Ocean Barges  

Source: American Waterway Operations, Inc. 

- 
Size Range 

7,500-1 2,000 DWT 
12,000-20,000 DWT 

Tug/barge o p e r a t i o n s  w e r e  t h e  l o w e s t  e n e r g y  
consumers i n  t h e  c o a s t a l  s h i p p i n g  s e c t o r ,  r e q u i r i n g .  
o n l y  278 Btus  p e r  ton-mi le  and . 38  m i l l i o n  Btus  p e r  t o n  
o f  c a r g o  c a r r i e d .  These v e s s e l s  a r e  v e r y  e f f i c i e n t  i n  
c a r r y i n g  l a r g e  volumes of  bu lk  commodit ies  o v e r  l o n g  
d i s t a n c e s .  

Commodities Carried 

Fuels 
Lumber products, cement, 
petroleum 

"C. 

( 3 )  Other  V e s s e l s  i n  t h e  C o a s t a l  S h i p p i n g  S e c t o r  
Accounted f o r  7  P e r c e n t  o f  Carso  Movements and 
17  P e r c e n t  o f  t h e  Energy ~ e ~ u i ; e d  

C o n t a i n e r  f e e d e r s h l p s  and Ro/Ro v e s s e l s  a r e  t h e  . 
pr imary  non-bulk v e s s e l s  o p e r a t i n g  i n  t h e  c o a s t a l  
s h i p p i n g  s e c t o r .  A t y p i c a l  c o a s t a l  f r e i g h t e r  i s  de-  
s c r i b e d  i n  T a b l e  IV-G.  

T a b l e  IV-6 
T y p i c a l  C o a s t a l  F r e i g h t e r  

C o n t a i n e r  f e e d e r s h i p s  a r e  engaged i n  i n t e r c o a s t a l  and 
l i m i t e d  non-cont iguous  movements. These v e s s e l s  pro-  
v i d e  a  s e r v i c e  which d i s t r i b u t e s  and c o n s o l i d a t e s  
c o n t a i n e r s  a t  a  major  p o r t  f o r  a  l a r g e r  l i n e  h a u l  
v e s s e l .  C o n t a i n e r s h i p s  and Ro/Ro v e s s e l s  a r e  engaged 
i n  c a r r y i n g  s e m i - f i n i s h e d  and f i n i s h e d  goods i n  t h e  
P u e r t o  Rican,  Hawaiian,  and Alaskan t r a d e s .  These . .  

Speed (MPH) 

15.5 

Engine 

Steam 
Turbine 

Deadweight 

7,800 

Horsepower 

6,000 



i n t e r m o d a l  v e s s e l s  t y p i c a l l y  r e q u i r e  q u i c k  t u r n a r o u n d  
f o r  p r o f i t a b l e . a n d  r e l i a b l e  o p e r a t i o n s  t o  remain v i a b l e ,  
t h e r e f o r e  p o r t  t i m e  i s  minimized.  

c1n t h e  n e x t  c h a p t e r  t h e , o f f s h o r e  s e c t o r  i s  d i s c u s s e d .  





THE, OFFSHORE SECTOR 

The offshore sector consists of'.those craft engaged 
in the discovery and recovery of oil from offshore areas. 
This sector is the most recent and fastest changing of 
the seven industry sectors. 

1. THE PRESENT LEVEL OF ACTIVITY IN THE OFFSHORE SECTOR 
IS EXPECTED TO DOUBLE BY 1980 

The offshor,e oil industry originated in the 1950's 
in the shallow waters of the U.S. Gulf Coast. Initial 
drilling was from barges. As the search for oil moved 
into deeper waters and away from the coastal areas, jack- 
up rigs and semisubmersibles were developed and used. 

During the 1969-1972 period drilling activit.~ 
declined,off the U.S. Coast due to the almost complete 
cessation of leasing,o'f offshore acreage due to environ- 
mental concerns. A federal leasing program has accelerated 
and since 1972, 9.4 million acres have been offered for 
lease and 4.6 million have been accepted. It is anticipated 
that approximately 5 million acres will be leased annually 
through 1980. This indicated that the number of rigs in 
service off the coasts of tho Unj..t.ed. States may be double 
those in service today. Table V-1 provides rig employment 
during 1976 and compares it with employment during 1974 
'and 1975. 

The level of activity of offshore rigs is probably 
the single most important factor or parameter that deter- 
mines the energy requirement of this sector. The energy 
consumption estimates developed in the following sections, 
are based on the level of rig activity. 



Table V-1 
Number of Offshore Oil Rigs Employed 

Off the U.S. Coast 1974 to 1976 

Source: Hughes Tool Company. 

State 

Alaska 

California 

Louisiana 

Texas 

I 

Florida 

New Jersey 

Massachusetts 

Total Offshore 
Rig Years of 356- 
Day Years 

2. THE -- >. , OFFSHORE SECTOR CONSISTS PRIMARILY OF FOUR HIGHLY 
SPECIALIZED VESSEL TYPES 

The offshore segment consists of the following types 
of specialized vessels: 

1974 

2.8 

2.2 

114.2 

21.3 

- 

- 

- 

140.5 

Exploration or survey craft 
Drilling rigs 
Service craft 
Construction and pipelaying. 

Each of tliese vessel types is discussed below. 

1975 

2.9 

, 3;3 

1 32.1 

21.0 

1.9 

- 

- 

161.2 

1976 (annualized) 

3.2 

3.4 

134.7 

32.2 

- 

.4 ' 

.4 

174.3 



(1) Exploration or Survey Craft 

The offshore oil ex~loration fleet for the U.S. 
consists of approximately 30 vessels classified as 
geophysical or survey vessels. The typical vessel is 
125' in length with 1,000 HP installed, develops from 
10 to 12 knots and is diesel-powered. 

(2) Drilling Rigs 

Offshore drilling rigs fall into the four major 
categories shown in Table V-2. Fuel consumption of 
these 'rigs averages 50 bblls/day for the submersible, 
jack-up and moored drillships. The larger, dynamically 
positioned rigs average 100 bblls/day due to their 
position keeping propulsion requirements. 

Submersible, jack-up and moored drillships 
typically operate in the shallow water close to shore 
while the semisubmersible dynamically positioned rigs 
operate in deeper water. 

service Craft 

The offshore service industry is the largest part 
of the offshore sector in terms of numbers of units. 
It consists of those firms operating the specialized 
types of service craft necessary to supply the various 
drilling rigs and construction and pipelaying barges 
with men and matcrial. The estimated size of the 
offshore fleet, by type of craft is given in Table V-3. 
The offshore service craft population of 757 vessels 

' indicated in Table V-3 represents those vessels 
actively employed in this sector as of 1976. This 
population figure differs from the 621 service craft 
population in Table V-4, which represents a calculated 
vessel requirement for 1976 based on duty cycle 
assumptions explained in Appendix A. By far the most 
prevelant types of craft fall into four categories: 

Crew Boats. These are aluminum hulled, 
diesel-powered, high speed craft that 
transport men and a minimal amount of 
equipment to offshore rigs. As exploration 
has moved farther offshore, transportation 
of crews by helicopter is becoming more 
accepted. 



Table V-2 
World Rig Population By Type 

Source:  Ocean I r idus t ry ,  S e p t .  1975. 

Table V-3 
U.S. Offshore Service Fleet 

Tv~ical Characteristics 

Source  : Ocean I n d u s t r y ,  June 1976. 

Motet Figures are Rooz, A l l e n  estimates based  on  a  p a r t i a l  l i s t i n g  
o f  t h e  world  s e r v i c e . f l e e t .  



Tugs. These are steel hulled and diesel- 
powered units that are used for towing 
rigs and barges, anchor handling and stand- 
by emergency duty. 

Tuq/Supply. These are steel hulled, diesel- 
powered vessels with large open deck area 
aft, for cargo. In addition to providing tow- 
ing service, similar to.tugs, they transport 
supplies to various offshore activities. 

Supply Boats. These are steel hulled, 
diesel-powered units with large ocean deck 
area aft for cargo, designed specifically 
for carriage of dri'lling supplies to the 
offshore rigs. 

Industry sources estimate that approximately 7 0  percent 
of the offshore service fleet is engaged in support of 
exploratory drilling and the remaining 30 percent is 
engaged in support of production, offshore construc- 
tion and pipelaying. 

( 4 )  Construction and Pipelaying and Production Vessels 

Construction of production platforms, production 
drilling and pipelaying follow the location of a proven 
oil field. Construction of production platforms is 
accomplished from work barges that are kept supplied 
by the offshore service fleet. Production platforms 
are generally per111arieiiLly n~ounted on the occsn floor 
and production drilling is then undertaken from the 
fixed platform. 

Pipelaying activities are generally conducted 
from nonself-propelled barges and are also supported 
by the service fleet. 

3.  THE EXPLORATORY DRILLING RIGS ACCOUNT FOR 7 0  PERCENT 
OF THE TOTAL SUPPLY CRAFT ACTIVITY 

Drilling rigs and the supply craft needed to support 
their activity account for approximately 7 0  percent of the 
total activity inLthe offshore sector. Supply craft typi- 
cally operate less than 16 hours per day in order to avoid 
U.S. Coast Guard requirements for additional crew members. 
Industry sources confirm this figure stating that a 5 0  



percent utilization level for a supply boak is considered 
excellent. Much of the typical operating day for tugs and 
supply boat support craft is spent at very low power levels, 
either loading, unloading, or standing-by. Equivalent full 
power operating hours were estimated between 4 and 6 hours 
per day for support craft. 

Earlier in this chapter it was estimated that drilling 
activity during 1976 required the equivalent of 174 rig- 
years. Industry estimates indicate that each rig requires 
the dedication of 2.5 supply boats. This figure is expected 
to,rise to 3 boats per rig as exploratory drilling activity 
moves further offshore and supply lines lengthen. Based 
on these assumptions, the present active offshore fleet 
requirements are estimated to be 621 boats, split between 
the four major service types as shown in Table V-4. 

Table V-4 
U.S. Offshore Fleet Requirements 
1976 and High 1985 Estimates 

and 

Crew 

Tug 

TugISupply 

supply 

and 3 boat/rig service. requirement. 

1985 Share of 
Maximum 1,491 Boat 

Requirement* 

4. THE OFFSHORE SECTOR CONSUMES ,064 QUADS OR 2 PERCENT 
OF THE ESTIMATED ENERGY REQUIREMENTS OF THE MARINE 
TRANSPORTATION INDUSTRY 

1976 Share 
of 621 Boat 
Requirement 

Vessel 

Type 

x Based on expected doubling of offshore drilling 

24 

35 

24 

17 

The offshore sector's energy requirements were calcu- 
lated based on the following assumptions: 

% of Existing 
Fleet 

174 annual rig-years activity 

149 

21 7 

149 ' 

105 

621 service craft requirements based on 2.5 
boats per rig, distributed as shown in Table V-4 

358 

522 

358 

253 



and representing 70 percent of the energy con- 
sumption of the service industry 

An average operating day equivalent to 5 full 
power hours 

Boat sizes and rig consumption figures based on 
Table V-2 and V-3 

Exploratory and construction energy requirements 
were estimated to be minimal. 

~hese assumptions lead to a calculated energy consumption, 
shown in Table V-5, for the offshore oil exploitation 
sector of .064 quads. Of this total, .027 quads were 
estimated to be required by drilling rigs and .036 quads 
were attributed to service craft. Energy consumption by 
production platforms was not included in this analysis. 
The energy consumption of the survey sector and in pipelay- 
ing and construction was estimated to be minimal by 
industry sources'when compared to that required by the 
supply craft and drilling rigs. 

Table V-5 
Estimated Annual Energy Consumption Within 

the Offshore Sector 

Su bsector 

Drilling Rigs 

Supply Craft Supporting 
Drilling Rigs 

Supply Craft Supporting 
Production and Pipe- 
laying Activities 

Total 

Estimated 
Energy Consumption (Quads) 

.4- 

.027 

.026 

.010 

.064 



VI. THE INLAND WATERWAYS SECTOR 



VI. THE INLAND WATERWAYS SECTOR 

The inland waterways segment of the U.S. Merchant 
~arine refers to those vessels operating between ports in 
the United States where the movement takes place.entirely 
in rivers, canals, ports, channels, and other inland waters. 
Vessels opera.ting within the U.S. Great Lakes system were 
discussed previously. Figure VI-1 provides a graphic illus- 
tration of the geographi'c boundaries of the U.S. inland 
waterway system. 

1. THE U.S. INLAND SHIPPING SECTOR HAS DEVELOPED A UNIQUE 
METHOD OF MOVING WATERBORNE CARGO 

Most of the vessels operating upon the U.S. inland 
waterway system fall into the following categories: 

Towboats 
Tugboats 
Barges. 

Technical characteristics of these vessel types are 
presented in the following section. 

(1) Towboats Have Given Rise to the Concept of "Push- 
' Towing", Which. IE Unique to the TJnj t .4 States 

The towboat is a virtually flat-bottomed vessel 
which serves as the power unit for "push-towing" barges, 
in waterways that are protected or relatively calm 
in their natural state. 'Figure VI-2.presents an illus- 
tration of a typical towboat. Barges are lashed 
together by cables and ropes to form a single unit for 
push-towing. The towboat pushing from the rear of 
the tow is capable of handling a greater number of 
barges under better control than in the "pull-towing" 
method. These diesel powered vessels are capable 
of pushing barges carrying as much as 50,000 tons of 
cargo'. The use of multiple rudders allows maximum 
control in forward, backing, and flanking movements; 
,all necessary to navigate the winding channels of the 
inland rivers and canals. 



FIGURE IV-1 
Waterways in the United States 



FIGURE VI-2 
Typical Inland Waterway Vessels 

Towboat 

Tugboat 



The character and conditions of the waterway, 
locking conditions, the 'size of the tow, and the 
horsepower of the towboat a1.l influence load character- 
istics and productivity. Some towboats are being rigged 
for both push and pull-towing by the addition of an 
after towing bitt. Towboats are unsuited for ocean 
towing because'of their flat bottom and conventional 
(nontight) doors and windows. Table VI-1 presents 
the characteristics of some common towboats. " 

Table VI-1 - 
Towboats 

Source: "Big Load Afloat," American Waterways 
Operators, 1973. 

(2) Tugboats Provide "Pull-Towing" in Areas of the 
Inland .waterway System Where Towboats are 

Horsepower 
Range 

1,000-2,000 
2,000-4,000 
4,000-6,000 

Length 
(ft) 

117 
142 
160 

Unsuited 

Tugs are designed for pull-towing under conditions 
where wind, wave, and tidal actions would normally 
break up- a tow of barges rigidly lashed together. 
Figure VI-2 presents an illustration of a typical 
tugboat. In portions of the inland waterway system, 
particularly the Atlantic and Gulf Intracoastal Water- 
way, a tug pulls barges behind on a hawser. The 
pull-towing method essentially provides propulsion 
power, with very little guidance or control. These 
vessels have shaped hulls and are fitted with sealed 
gortholes and watertight doors. Although tugboats 
are suited for a myriad of jobs, such as assisting 
oceangoing vessels in docking and undocking, and 
salvage work; they are commonly used to tow barges 
along the inland waterways. Table VI-2 presents 
the characteristics of some common tugboats. 

.A 

I 

Breadth 
(ft) 

30 
34 
40 

- - 

Draft 
(ft) 

7.6 
8 
8.6 ' 



Table VI-2 
Tugboats 

Length Breadth Draf t  Horsepower 
Range 

65-80 ' . 21-23 350-650 

Source: "Big Load Afloat," American Waterways 
Operators, 1973. 

(3) Barges Provide Low-Cost Commodity Shipping on 
the U.S. Inland Waterways 

Barges are nonself-propelled, steel-hulled, 
shallow draft vessels designed for. operation as 
single Snits or as part of an integrated tow; In- 
tegrated tows, having an underwater shape almost 
equivalent of a single vessel, provide the most 
efficient method of barge movement. Barges are de- 
signed to carry various types of cargo and are generally 
of the following types: 

Hopper barges 
Tank barges 
Deck barges.. 

Hopper barges are double-skinned, open-topped 
boxes, with the inner shell forming a cargo hold. 
They can be equipped with or without hatches. 

Tank barges are used to transport bulk liquid 
commodities. This variety of barges.are single- 
skinned vessels with collision bulkheads, double- 
skinned vessels, and those fitted with independent 
cylindrical tanks to carry pressurized cargoes. 

Deck barges are designed. to carry cargo that can 
be tied down and does not require protection from 
the elements. T h e s e  barges have a simple box hull 
with a well supported deck. Many of these vessels 
are employed by the cons$ruction industry as work 
platforms and for moving~~equipment and supplies. They 
are also commonly used as railcar ferries. 



2. INLAND CARGO MOVEMENTS ARE DOMINATED BY BULK COMMODITIES 

Traffic on the inland wacerway system is characterized 
by large loads of semi-finished and bulk commodities as shown 
in Table VI-3. In 1974, inland waterway traffic amounted 
to over 500 million long tons, or approximately 16 percent 
of the U.S. domestic waterborne commerce. 

Table VI-3 
Inland Waterway Commodities 1974 

Sources: Waterborne Commerce o f  t h e  United S t a t e s ,  1 9 7 4 .  
U.S. Army Corps of Engineers .  

Commodity 

Petroleum and Products 
Coal and Coke 
Iron Ore, Iron, Steel 
Sand, Gravel, Stone 
Grains 
Logs, Lumber 
Chemicals 

i 

Shells 
All Other 

Total 

The operating profile for the inland waterways sector 
of the Maritime industry was developed using' information 
obtained from the Maritime Administration, American Water- 
ways Op,erators Association, and individual operators. It 
was found that barges are generally committed to one trade, 
ellmiria.Ling the need to clean multiple tows if more than 
one type of cargo is carried. Smaller sized boats are fre- 
quently used for movements above St. Louis in the Mississippi 
River System and average 15 barges per tow. South of 
St. Louis the waterways allow larger boats to accommodate up . 

to 30-50 barges in a tow. The boats operate at full power 
virtually all of the time. High speed oil tows move at 13 to 
14 miles per hour and dry bulk tows move at 7 to 9 miles 
per hour. In many of the dry bulk trades, boats deliver 
loaded barges and pick up empty ones, avoiding port delays. 
Normal loading/unloading time in the petroleum trade averages 
about 12 hours. 

Long Tons (lo6) 
193 
108 
14 
66 
2 3 
2 2 
33 
16 
61 . - 
536 



3 .  THE INLAND WATERWAYS SECTOR REPRESENTS 2 PERCENT OF 
THE NON-RECREATIONAL POPULATION AND CONSUMED 3 PERCENT- 
OF THE ENERGY REQUIRED dY THE MARINE TRANSPORTATION - - - 

INDUSTRY 

In 1974 there were over 2,400 tug/towboats operating 
on the U.S. inland waterways according to Army Corps of 
Engineer's data shown in Table VI-4. The total number of 
towing vessels differs from the U.S. Coast Guard's estimate. 
The towing vessels listed by the Corps of Engineers refiect 
Army figures built up from data voluntarily supplied by 
operators and is not inclusive due to some non responses. 
U.S.C.G. data shown in Appendix D includes all vessels 
'registered'with a service of towing and include some vessels 
that are uneconomical and very old. 

Table VI-4 
Number of Towing Vessels and Barges of the United States 1 

Operdted For the Transportation of Freight as of January 1, 19751 

Number of Vessels 

Number of Vessels 

1 From Corps of Engineers, U.S. Army. 

Source: 1974 Inland Waterborne Commerce Statistics, 
American Waterway Operators, Inc. 



The inland waterways sector of the Maritime industry 
is estimated to have consumed . 089  quads of energy in 1974. 
The inland waterways sector is the most efficient sector 
of the Marine Transportation Industry in terms of Btus 
consumed per ton of cargo moved. Table VI-5 summarizes 
the results of the analysis of the inland waterways 
sector of the Marine Transportation Industry. 

Table VI-5 
Inland Waterways Sector Summary 

This efficiency is due to the fact that inland water- 
ways transportation is primarily the movement of large 
volumes of bulk commodities. The energy estimates for the 
inland waterways sector were based on the use of an average' 
or "generic" towboat, shown in Table VI-6, and the amount 
of cargo capable of being towed by that generic vessel. 

Table VI-6 
Generic Towing Vessel 

Btus 
in Quads 

.089 

Vessel 

TugITowboat 

A more detailed explanation of the means in which 
energy consumption estimates were developed is provided 
in Appendix A. 

Population 

2,404 

TugITowboat 

Millions 
' of 

Tons 
Carried 

535.8 

Millions 
of Btusl 

Ton 

.16 

Billions 
of Ton- 

Miles 

185.0 ' 

Horsepower 

1,350 

Btusl 
Ton-Mile 

48 1 

Speed (mph) 

7.2 



VII. FISHING AND MISCELLANEOUS,SECTOR 



VII. FISHING AND MISCELLANEOUS SECTOR 

The U.S. commercial fishing fleet can be characterized 
as fragmented and dominated by single family one boat opera- 
tions. According to the National Marine Fisheries Service, 
the U.S. fishing fleet consists of over 15,000 vessels with 
capacities in excess of 5 net tons and more than 72,000 
boats with capacities less than 5 net tons. The U.S. 
Coast Guard, listing of fishing craft shown in Appendix D 
includes approximately 22,000 craft. Many fishing craft 
are registered with municipal or state agencies, and most 
small craft are not required to register at all. In 
1973, the U.S.. fishing fleet landed a catch of nearly 
5 billion pounds of seafood, and consumed approximately . 

.022 quads of energy. Table VII-1 presents the distribul 
tion of fishing craft among the major fisheries of the 
United States. 

Table VII-1 
Major Fisheries of the United states* 

Fishery I Vessels I Boats I Total Craft 

Pacific Salmon Purse Seine 
Gill Net 
Troll Lines 

Pacific Tuna Purse Seine 
Lines 

All Menhaden Districts: 
Purse Seine 

All Crab Pot Districts 
All Oyster Dredgcs 
All Shrimp Districts: 

Otter Trawl 
All Fish Otter Trawl 

Source: "Fishery Statistics of the United States," 
National Marine Fisheries Service, Depart- 
ment of Commerce, 1973. 

Total 

t Some fishing vessels operate in more than 
one fishery and may be double counted. 

17,484 26,963 44,447 



1. PHYSICAL CHARACTERISTICS AND OPERATING PATTERNS OF 
FISHING CRAFT VARY GREATLY WITH THE METHOD OF FISHING 
AND TYPE OF GEAR USED 

Fish landed each year in the Llnited States are caught 
using a variety of fishing gear including nets, lines and 
traps. The major types of vessels and the manner in which 
they operate are discussed in the following sections.* 

(1) Seiners Accounted' For More Than 50 Percent of 
m ~ a n d i n a s  in 1973 

These vessels seek out a school of fish and 
encircle'them with their net using one or two small . 

boats or skiffs. The nets are then pulled in until 
.the fish are sufficiently concentrated in the nets 
to allow brailing or pumping aboard. Most of the 
fuel consumption of this type of vessel takes place' 
in transit to and from the fishing grounds. 

(2) Trawlers and Dredges Are Probably the Most Fuel 
In'ten'sive of All' Fishinu Craft 

Trawling and dredging vessels will spend up to 
20 days a month at sea. During this operational 
period these vessels are underway and under power 
90 percent of the time and are actually engaged in 
trawling about 60 percent of the time. This method 
of fishing requires that the vessel remain underway 
while hauling a huge net or dredge through the water 
to capture the fish. Although such vessels are 
engaged in catching numerous species of fish, they 
may be best known for their service in the shrimp 
and menhaden fisheries (trawlers) and the shellfish 
industry (dredges) . 

(3) Vessels Utilizing Long Lines and-Nets Will 
Often Operate at Sea for Extended Periods 

This type of vessel utilizes sets of nets or 
bouyed lines and hooks str,ung together, (-which may 

* Operating patterns for the major types of fishing were obtained 

through information from actual operators, trade associations, 
the National Marine Fisheries Service, the Food and Agricultural 
Organization of the United Nations, and various fishing publica- 

. tions. 



extend for 5 0  to 7 5  miles) to land its catch. Sets 
are cast into the sea when a school of fish is spotted 
and hauled back in to secure the catch. The vessels 
cruise at low speeds when setting and hauling nets, 
making one catch a complete day's work. Because these 
vessels are often at sea for extended periods (some- 
times up to 3 or 4 months), they must be seaworthy 
and capable of operating the engines continually 
without frequent overhaul. 

(4) Vessels Utilizing Pots and Traps Are Unique to 
the Crab and Lobster Fisheries . . 

Pot and trap vessels usually operate approximately 
8 hours a day setting, checking, and resetting their 
gear. The engines run continually and the vessels 
make way when working the gear. 

2. MISCELLANEOUS SERVICE CRAFT ACCOUNT FOR APPROXIMATELY 
0.3 PERCENT OF THE COMMERCIAL MARINE TRANSPORTATION 
INDUSTRY POPULATION 

According to the U.S. Coast Guard listing in Appendix D, 
there are 297 aiscellaneous or harbor service craft. 
This classification includes such craft as fireboats, ice 
breakers, pilot boats, police and patrol boats. Miscella- 
neous service craft were judged to be insignificant in 
determining energy consumption because these vessels are 
small in size and see limited duty in local harbor areas. 

3. IT IS ESTIMATED THAT FISHING AND MISCELLANEOU! 
CRAFT CONSUMES APPROXIMATELY 1 - - - -  PERCENT OF THE ENERGY 
REQUIRED BY THE MARINE TRANSPORTATION INDUSTRY , ' 

The U.S. commercial fishing is estimated to have 
consumed approximately . 033  quads of energy. Energy con- 
sumption for this sector was estimated subjectively by 
allocating the remaining portion of domestic fuel oil 
sales in the United States to marine vessels to the 
commercial fishing fleet. Lack of sufficient data on 
which to construct operating profiles on the industry 
precluded a more detailed analysis of fuel consumption. 





VIII. MCMATIONAL BOATS 

This sector consists of those small craft used exclu- 
sively for recreational purposes. The U'.S. Coast Guard 
estimated that there were over 9 million recreational boats 
owned by Americans in 1975. Of the.se, more than 7 million 
were motor-powered boats. 

i. THE DISTRIBUTION OF BOAT TYPES IS 'NOT HOMOGENEOUS 
THROUGHOUT THE UNITED STATES 

. , 

Recreational boating statistics were subdivided into 
the following types of motorized boats: 

Canoe 
Houseboat 
Inboard 
Inboard/outboard 
Outboard 
Rowboat/ j onboat 
Sailboat 
Other. 

The latest comprehensive recreational boating survey per- 
formed by the U.S. Coast- Guard in 1973, identifies power 
boats by type and region of the country as shown in Table 
VIII-1. The age of the average recreational boat in the 

Table VIII-1 
Recreational Power Boats hy Type and Reqion, 1973 

source :  Nat iona l  Boat ing Survey, U.S. Coast  Guard, 1973. 

Midwest/ 
Mountains 

419 
1,415 

26.414 
37,124 
362,433 
32,159 
2,652 
60,529 

523,145 

East 
Central 

-0- 
3,710 
27,612 
24,332 
354,316 
18,508 
-0- 

59,30G 

487,714 

Type 

Canoe (Motor) 
Houseboat 
Inboard 
InboardIOutboard 
Outboard 
Rowboat/Jonboat 
Sailboat (Aux) 
Other 

Total 1973 

Total 1975 

West 
Coast 

-0- 
-0- 

105,321 
127,190 
405,872 
43,071 
38,318 
26,582 

746,354 

Great 
Lakes 

22.91 1 
7,765 

120,731 
118,485 

1,098,017 
101,725 
4,652 
95,288 

1,569,484 

Middle 
Atlantic 

12,732 
7,910 

107,947 
77,256 
855,903 
74,066 
15,052 
41,824 

999,290 

New 
England 

16,651 
6,882 
94,014 
45,213 
546.31 5 
47,8 12 
20,185 
60,565 

837,637 

Total 

56,985 
38,552 
560,817 
527,317 

4,420,006 
380,661 
84,983 
458,622 

6,527,943 

7,303,286 

Gulf 
Coast 

4,272 
10,960 
79,240 
97,717 
997,150 
63,320 
4,124 

1 14,528 

1,371,319 



-.-. 

U.S. is 7.6 years. The national boating survey by the U.S. 
Coast Guard in L973 showed that 58.3 percent of the boats 

. are under 16 feet in length and 37.8 percent are between 
16 and 25 .feet in length. Aluminum and fiberglass are the 
most common hull materials for recreational boats, making 
up 33.5 percent and 40.3 percent of the boating population, 
respectively. ' The horsepower distribution of recreational 
boats is presented in Table VIII-2. 

Table VIII-2 
Horsepower Distribution of 

Motor-Powered Recreational Boats 

. ' 

S o u r c e :  U.S. C o a s t  Guard B o a t i n g  S u r v e y ,  1973. - 

- 
Percentage of Recreational 
Boat Population 

2. PLEASURE BOATS ARE ESTIMATED TO HAVE CONSUMED 
APPROXIMATELY 7 PERCENT OF THE ENERGY REQUIRED BY 
THE MARINE TRANSPORTATION INDUSTRY 

As shown in Table VIII-3 the average recreational boat 
consumed 1.46 gallons of fuel per hour of use during 1973. 

Horsepower Range 

Table VIII-3 \ 

Recreational Boating Exposure and Consumption, 1973 

< 11  

31% 

Canoe (with Motor) 
Houseboat , 

Inboard 
I nboardloutboard 
Outboard 
RowboatIJonboat (Motor) 
Sailboat (Aux) 
Other 

1 1-20 

9% 

TY pe 

Gallons Fuel1 

Fuel (Gallons) Boat-Hour 

21 -35 

12% 

Boat-Hours 

i Total 
/ 

-- - 

Gallons Fuel1 

Passenger-Hour 

36-1 00 

31% 

Passenger-Hours 

Source :  N a t i o n a l  B o a t i n g  Survey ,  U.S. C o a s t  Guard,  1973. 

1,041,635,314 3,147,439,277 . 



. Boats with inboard motors have the highest average 
amount of boating hours and consumed more fuel per boating- 
hour than any other type. Boats with outboard motors had 
the highest total number of boating and passenger hours, 
but ranked third behind inboard and inboard/outboard powered 
boats in terms of gallons of fuel.consumed per boating-hour. 

. . 

In order to estimate annual consumption it is necessary 
to determine the annual operating cycle of recreational 
boats. Table VIII-4 presents the results presented in the 
~ational ~oating Survey and indicates that the average rec- 
reational boat was operated for 186.2 hours during 1973. 

Table VIII-A 
Average Exposure By Type, 1973 

Source: National Boating Survey, U.S. Coast 
Guard, 1973. 

Type 

Canoe 
Houseboat 
Inboard 
InboardIOutboard 
Outboard 
RowboatIJonboat 
Sailboat 
Other 

Total 

A review of these two  table^ indicates that the 
average recreational boat consumed 271.8 gallons of 
fuel per year during 1973. 

Boating- 
HoursIYr 

184.6 
232.9 
256.6 
166.1 
139.0 
90.8 

189.7 
229.8 

186.2 

This indicates that thd' 6.5 million boat population 
estimated in Table VIII-1 for, 1973, consumed approximately 
1.8 billion gallons or .220 quads of energy in that year. 
After adjusting this estimate to reflect the results of 
the latest survey, it 1s estimated that recreational boats 
consumed 2.0 billion gallons or .241 quads of energy during 
1975. 
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APPENDIX A 

MARINE FUEL CONSUMPTION CALCULATIONS 

Calculations for determining fuel consumption in the 
Maritime industry differed in level of detail between foreign 
and domestic cargo movements. The ocean shipping sector cal- 
culations were broken'down according to service, ship type 
and flag of registry; while the various domestic sectors were 
calculated only for each vessel type. 

In all cases, calculations were intended to relate energy 
consumption 'to the amount of cargo tonnage'moved by each in- 
dustry sector. Trade statistics for the year 1974 were used. 
These figures were the latest available from government sources. 

1. OCEAN SHIPPING SECTOR 

Generic vessels were chosen for each ship type in the 
sector which represent typical ships in the trade. Table A-1 
shows the ,generic vessels, their operational characteristics, 
deadweight utilization and the trade routes to which they , 

were applied. Figure A-1 presents an operational diagram for 
commercial vessels. Energy consumption calculations consisted 
of the following steps: 

The level of trade on each trade route was allocated 
among the various ship types shown in Table A-1. 

The number of voyages required to move this tonnage 
on the heavy leg of each trade route was then deter- 
mined for each ship'type by dividing the amount of 
carqo by the deadweight of the vessel taking lnto 
account a deadweight utilization factor. 

(tonnage on heavy leg) 
Voyages (NV) = (vessel DWT) (deadweight utilization) ' 

At-sea consumption was determined by first calcu- 
lating hours (T) spent at sea using the speed of 
the generic vessel and voyage length. The specific 

, fuel consumption (SFC) rate ( .  37 lb/shp-hr for 
diesel and .47 lb/shp-hr for steam) was then multi- 
plied by the horsepower (HP) of the generic vessel, 
hours at sea, and the number of voyages and divided 



Table A-1 
Generic Vessels physical Description and Applications 

APPENDIX A (2) 

Great Lakes V e s s e l s  

Dry Ri.1 .I. k 
. . 15 ,000  

Tanker  4 ,000  

Tug 

I n l a n d  Waterways 

Tug/Towboat 

C o a s t a l  

Tug 

Tanker  40 ,000  

O the r  7 ,800  



APPENDIX A ( 3 )  

F I G U R E  A-1  
Operat ing Diagram For M a j o r  Ship  Types 

SPEED I k t s )  

Source: "Trends In Merchant Shipping," Donald Ross, Tetratech 
Report to Naval Undersea Center. 
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by 2,240 (pounds p e r  l o n g  t o n s )  t o  g e t  a t - s e a  f u e l  
consumption i n  l o n g  t o n s .  

F u e l  Consumption ('FCS) = (SFC) (HP) ( T )  (NV)/ (2 ,240)  

P o r t  consumption was c a l c u l a t e d  u s i n g  fo rmulae  f o r  
g e n e r a l  c a r g o  v e s s e l s  and b u l k  commodity c a r r i e r s  
o b t a i n e d  from v a r i o u s  s o u r c e s . *  

- Genera l  c a r g o  v e s s e l s  ( l o n g  t o n s / d a y )  = 

( .  000678) (DWT) 

- Tankers  and b u l k  c a r r i e r s  ('160na t o n s / d a v )  = 

(SFC) ( H P )  ( 2 4 )  ( .  364) 
2 ,240-  

I 

The f u e l  consumption f i g u r e s  w e r e  t o t a l l e d  by t r a d e  
r o u t e ,  s h i p  t y p e ,  f u e l  t y p e ,  and f l a g  b e f o r e  b e i n g  c o n v e r t e d  
t o  B tus  u s i n g  t h e  c o n v e r s i o n  f a c t o r s  i n  Appendix C.  

2. GREAT LAKES SECTOR 

The g e n e r i c  v e s s e l s  chosen f o r  t h e  G r e a t  Lakes s e c t o r  
a r e  shown i n  T a b l e  A L 1 .  Energy consumption c a l c u l a t i o n  con-. 
s i s t e d  o f  t h e  f o l l o w i n g  s t e p s :  

. . .  .The t o t a l  ton-mi les  f o r  b o t h  t h e  s e l f - p r o p e l l e d  
and towing s e c t o r s  was t h e n  d i v i d e d  by t h e  ton-  
m i l e s  p e r  a v e r a g e  t r i p  t o  o b t a . i n  t h e  a v e r a g e  number 
o f  t r i p s .  

Using a  speed  o f  9 m i l e s  p e r  hour  f o r  towing 
v e s s e l s  and 12 m i l e s  p e r  hour  f o r  s e l f - p r o p e l l e d  
v e s s e l s  and t h e  a v e r a g e  h a u l  d i s t a n c e s ,  t h e  number 
o f  s t eaming  h o u r s  was c a l c u l a t e d :  

- Number of  s t e a m i n g ' h o u r s  p e r  voyage ( t o w i n g )  = 
136 

- Number o f  s t eaming  h o u r s  p e r  voyage ( s e l f -  
p r o p e l l e d )  = 106.  

* General cargo vsssel port consumption is from "Genera1,Cargo Ship 

Economics and Design," Benford. Tanker and dry bulk carrier port 
consumption is from Maritime Administration report on Tanker 
Preliminary Design. 
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The specific fuel consumption rate of .37 lb/shp-hr 
for diesel and .47 lb/shp-hr for steam was then 
multiplied by the average horsepower, "steaming" 
hours per voyage, and number of trips and divided 
by 2,240 lb/long ton to obtain the steaming time 
fuel consumption. 

. , Port consumption for self-propelled vessels was 
calculated,in the same manner used for the ocean 
shipping sector. Port consumption for towing ves- 
sels was assumed to be negligible due to the 
operating patterns discussed in Chapter VI. 

3. COASTAL SHIPPING SECTOR 

The generic vessels chosen for the coastal shipping 
sector are shown in Table A-1. Energy consumption was ca.1- 
culated using the same method described in the Great Lakes 
sector. Vessel characteristics for coastal tankers and tug- 
boats were based on numerical averages of the U.S. tanker 
fleet and the coastal.towing fleet. A converted C-2 container- 
ship was chosen to represent all other coastal shipping vessels. 

4. OFFSHORE SECTOR 

The generic vessels chosen for the offshore sector are 
shown in Table A-2. , 

Energy consumption for the offshore sector was calculated 
based on the following assumptions: 

Table A-2 
Generic Offshore Vessels 

174 annual rig-years of activity. 

I 

Vessel Type 

Crewboat 

Tug 

TugISuppl y 

supply 

620 service craft requirement (all diesel-powered). 

Population 

1 49 

2 17 

149 

105 

Horsepower 

1,800 . 

4,000 

3,300 

3,300 

Full Power Operating 
Hours Per Day 

5 

5 

5 

5 
J 
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Average o p e r a t i n g  day e q u i v a l e n t  t o  5 f u l l  
power h o u r s .  

E x p l o r a t o r y  and c o n s t r u c t i o n  energy  r e q u i r e m e n t s  
were e s t i m a t e d  t o  be  mi.nimal. 

Rig consumption i s  e s t i m a t e d  t o  b e  75  b a r r e l s  
p e r  day.  

D r i l l i n g  r i g s  a r e  assumed t o  o p e r a t e  365 d a y s  p e r  
y e a r .  

These assumpt ions  l e a d  t o  a  c a l c u l a t e d  energy  consumption f o r  . . 
r i g s  a r r i v e d  a t  by m u l t i p l y i n g  t h e  number of  r i g s  ( N R ) ,  by 
t h e  o p e r a t i n g  d a y s  p e r  y e a r  ( O D ) ,  and r i g  f u e l  consumption 
p e r  day (BBL)  . 

RC = N R  x OD x BBL 

S e r v i c e  c r a f t  f u e l  consumption was a r r i v e d  a t  by m u l t i -  
p l y i n g  t h e  number o f  b o a t s  ( N B ) ,  f u l l  power o p e r a t i n g  h o u r s  
p e r  day ( O H )  , o p e r a t i n g  days  p e r  y e a r  ( O D )  , horsepower (HP)  , 
and s p e c i f i c  f u e l  consumption (SFC).  T h i s  t o t a l  was d i v i d e d  
by 2,240 (pounds p e r  l o n g  t o n )  t o  g e t  t o n s  of f u e l  consumed 
i n  one y e a r .  

SCR = [ ( N B  x OH x OD x H P  x SFC) + 2,2401 

5.  INLAND WATERWAYS SECTOR 

The g e n e r i c  v e s s e l  chosen f o r  t h e  i n l a n d  waterways 
s e c t o r , .  shown i n  T a b l e  A-3, r e p r e s e n t s  a  n u m e r i c a l  a v e r a g e  
o f  towing v e s s e l s  l i s t e d  by t h e  Army Corps o f  E n g i n e e r s .  

T a b l e  A-3 
G e n e r i c  Towing V e s s e l  

Horsepower. 

1,350 7.2 mph 

Energy consumption was c a l c u l a t e d  u s i n g  t h e  same method 
d e s c r i b e d  i n  t h e  G r e a t  Lakes s e c t o r .  
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6.  FISHING AND MISCELLANEOUS SECTOR 

Lack of ,  s u f f i c i e n t  d a t a  p r e c l u d e d  a d e t a i l e d  c a l c u l a -  
t i o n  of  ene rgy  consumption f o r  t h e  f i s h i n g  and m i s c e l l a n e o u s  
s e c t o r .  A f t e r  c a l c u l a t i n g  f u e l  .consumption f o r  a l l  domes t i c  
s e c t o r s ,  a n  energy  consumption. f i g u r e  was o b t a i n e d  f o r  t h e  
f i s h i n g  and m i s c e l l a n e o u s  s e c t o r  by s u b t r a c t i n g  t h e  c a l c u -  
l a t e d  f i g u r e s  from r e p o r t e d  f u e l  s a l e s  f o r  d o m e s t i c  m a r i n e  
u s e .  Reported f u e l  s a l e s  w e r e  o b t a i n e d  from Department  o f  
Commerc'e, ~ e p a r t m e n t  o f  T r a n s p o r t a t i o n  and Department of  
I n t e r i o r  p u b l i c a t i o n s .  T a b l e  A-4 d e s c r i b e s  t h e  s t e p s  i n -  
volved i n  e s t i m a t i n g  energy  consumption i n  t h e  f i s h i n g  and 
m i s c e l l a n e o u s  s e c t o r .  

. . 
T a b l e  A-4 

Energy Consumption E s t i m a t e  o f  F i s h i n g  and 
M i s c e l l a n e o u s  S e c t o r  

Total Distillate Fuel 

A. Sales to Domestic Vessels 

Calculated Distillate Fuel Consumpti'on: 

Great Lakes 
Coastal 
Inland 

B. Total 

'Difference (A-B) 
Assume 50% of Reported Sales to Recreational Boating 

Estimated Fishing and Miscellaneous Consumption 
C <  

Btus in Quads 

.I80 

.007 

.020 
,089 

.I19 

.064 

.032 

.032 
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Energy consumption of  t h e  o f f s h o r e  s e c t o r  was n o t  i n -  
c l uded  i n  t h i s  a n a l y s i s  s i n c e  t h e  m a j o r i t y  o f  o f f s h o r e  s e r v i c e  
c r a f t  a r e  c h a r t e r e d  by o i l  cornsanies which s u p p . 1 ~  t h e s e  
v e s s e l s  w i t h  f u e l  b u t  d~  n o t  r e p o r t  it a s  be ing  s o l d .  A s  
a  r e s u l t ,  f u e l  consumption by t h e  o f f s h o r e  s e c t o r  i s  n o t  i n -  
c luded  i n  t h e  government f u e l  s a l e s  s t a t i s t i c s .  

7 .  PLEASURE BOAT SECTOR 

Energy consumption f o r  t h e  P l e a s u r e  Boat  s e c t o r  was 
e s t i m a t e d  by t he .U .S .  Coas t  Guard i n  1973 th rough  a  compre- 
h e n s i v e  na t ionwide  b o a t i n g  su rvey .  Data o b t a i n e d  th rough  
t h e  1973 su rvey  i n c l u d e d  ave rage  b o a t i n g  hou r s  p e r  y e a r  p e r  
b o a t  and g a l l o n s  o f  f u e l  consumed p e r  b o a t i n g  hour .  Based 
on t h e  r e s u l t s  o f  t h e  197'3 s u r v e y ,  f u e l  consumption was c a l -  
c u l a t e d  u s i n g  t h e  1975 U . S .  Coas t  Guard e s t i m a t e  o f  t h e  
number o f  motor ized  p l e a s u r e  b o a t s ,  and d iv ided -be tween  
g a s o l l n e  ( 4 8 % )  and d i e s e l  powered b o a t s  ( 5 2 % ) .  
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- ESSENTIAL TPADE ROUTES 

The t r a d e  r o u t e s  u s e d  i n  t h i s  s t u d y  a r e  t h o s e  de'emed by 
t h e ,  U.S. Congres s  t o  b e  " . . . e s s e n t i a l  f o r  m a i n t a i n i n g  t h e  
f low o f  f o r e i g n  commer.ce o f  t h e  U n i t e d  S t a t e s  ..." The e s s e n -  
t i a l  t r a d e  r o u t e s  a r e  d e s c r i b e d  below i n  T a b l e  B - 1  a s  d e f i n e d  
by t h e  Mar i t ime  A d m i n i s t r a t i o n  i n  i t s  p u b l i c a t i o n ,  " E s s e n t i a l  
U n i t e d  S t a t e s  F o r e i g n  T r a d e  R o u t e s . "  

T a b l e  B - 1  
E s s e n t i a l  T rade  Rou tes  

T r a d e  
.Route  

No. D e s c r i p t i o n  

U. S .  A t l a n t i c / E a s t  C o a s t  Sou th  America.  Between 
U.S. A t l a n t i c  p o r t s  ( M a i n e - A t l a n t i c  C o a s t  F l o r i d a  
t o  b u t  n o t  i n c l u d i n g  Key West) and  p o r t s  i n  
B r a z i l ,  P a r a g u a y ,  Uruguay, a n d  A r g e n t i n a  . 

2 U.S. A t l a n t i c / W e s t  C o a s t  Sou th  Amer ica .  Between 
U.S. A t l a n t i c  p o r t s  ( M a i n e - A t l a n t i c  C o a s t  F l o r i d a  
t o  b u t  n o t  i n c l u d i n g  Key West) and  p o r t s  i n  P a c i f i c  
C o a s t  Colombia ,  Equador ,  P e r u ,  and  C h i l e .  

4 U .  S.  A t l a n t i c / C a r i b b e a n .  Between U .  S .  A t l a n t i c  
p o r t s  ( M a i n e - A t l a n t i c  C o a s t  F l o r i d a  t o  b u t  n o t  
i n c l u d i n g  Key West and  p o r t s  i n  t h e  Gul f  o f  Mexico 
and C a r i b b e a n  Sea  (Mexico-French Guiana ,  i n c l u -  
s i v e ) ,  a l l  i s l a n d s  o f  t h e  C a r i b b e a n  and  West I n d i e s  
( e x c e p t  P u e r t o  R i c o )  , t h e  Bahama I s l a n d s ,  and  
Bermuda . 

5-7-8-9 U.S. Nor th  A t l a n t i c / W e s t e r n  Europe .  Between U.S. 
Nor th  A t l a n t i c  p o r t s  ( M a i n e - V i r g i n i a ,  i n c l u s i v e )  
and  p o r t s  i n  t h e  U n i t e d  Kingdom, R e p u b l i c  o f  
I r e l a n d ,  and  C o n t i n e n t a l  Europe (Germany s o u t h  o f  
Denmark t o  n o r t h e r n  b o r d e r  o f  P o r t u g a l ) .  

U.S. Nor th  A t l a n t i c / S c a n d i n a v i a  and B a l t i c .  B e -  , 

tween  U.S. Nor th  A t l a n t i c  p o r t s  ( M a i n e - V i r g i n i a ,  
i n c l u s i v e )  and  p o r t s  i n  S c a n d i n a v i a n  and  B a l t i c  
c o u n t r i e s  and  t h e  i n t e r m e d i a t e  i s l a n d s  o f  ~ c e l a ' n d ,  
G r e e n l a n d ,  and  Newfoundland. 



Trade 
Route 
No. 

APPENDIX B (2 ) 

Description 

10 U.S. North Atlantic/Mediterranean. Between U.S. 
North Atlantic ports (Maine-Virginia, inclusive) 
and ,ports in Po-rtugal, Spain south of Portugal, 
Atlantic Morocco, and the Mediterranean Sea 
(including the Adriatic Sea, Aegean Sea, Black Sea, 
and other seas which are arms of the Mediterranean). 

U.S. South Atlantic/Western Europe. Between U.S. 
South Atlantic ports (North Carolina-Atlantic 
Coast Florida to but not including Key West) 
and ports in the United Kingdom, Republic of 
Ireland, and Continental Europe north of Portugal. 

U.S. Atlantic/Far East. Between U.S. Atlantic 
Dorts (Maine-Atlantic Coast Florida to but not 
including Key West) and ports in Japan, Taiwan, 
Philippines, and the Continent of Asia from the 
Union of Soviet Socialist Republics to Thailand, 
inclusive. 

U.S. South Atlantic and Gulf/Mediterranean. 
Between U.S. South Atlantic and Gulf ports (North 
Carolina-Texas, inclusive) and ports in Portugal, 
Spain south of Portugal, Atlantic Morocco, and 
the Mediterranean Sea (including the Adriatic ~ 6 a ,  
Aegean Sea, Black Sea, and other seas which are 
arms of the Mediterranean). 

U.S. Atlantic and Gulf/West Africa. Between U.S. 
Atlantic and Gulf ports (Maine-Texas, inclusive) 
and ports on the west Coast of Africa from the 
southern border of Morocco to the southern 
border of Angola, including Madeira, Canary, 
Cape Verde, and other islands adjacent to the 
West African Coast. 

15-A U.S. Atlantic/South and East Africa. Between 
U.S. Atlantic ports (Maine-Atlantic Coast Florida 
to h u t  not. including Key West) and ports in South 
and East Africa from the southern border of Angola 
to Cape Guarda:ui in the Somali Republic, including 
the Islands of Ascension and St. Helena in the 
South Atlantic, the Malagasy Republic, and ad- 
jacent islands in the Indian Ocean not east of 60' 
East Longitude. 



Trade 
Route 
No. 

APPENDIX B ( 3) 

Description 

U.S. Gulf/South and East Africa. Between U.S. 
,Gulf ports (Key West-Texas, inclusive) and ports 
in South and East Africa from the southern border 
of Angola to Cape Guardafui in the ~omali' Re- 
public, including the Islands of Ascension and 
St. Helena in the South Atlantic, the Malagasy 
Republic, and adjacent islands in the Indian 
Ocean not east of 60' East Longitude. 

16 U.S. Atlantic and Gulf/Australia and New Zealand. 
Between U.S. Atlantic and Gulf ports (Maine-Texas, 
inclusive) and ports in Australia, New Zealand, 
New Guinea, and South Sea Islands within the 
general area. 

U.S. Atlantic, Gulf, and Pacific/Indonesia, 
Malaysia, and Singapore. Between U.S. Atlan 
Gulf, and Pacific Coast ports and ports in I 
donesia, Malaysia (Malaya, Sarawak, and Sabah) , 
Singapore, and Brunei. 

U.S. Atlantic and Gulf/India, Persian Gulf, and 
Red Sea. Between U.S. Atlantic and Gulf ports 
(Maine-Texas, inclusive) and ports in Southwest 
Asia from Suez to Burma, inclusive, and Africa 
on the Red Sea and Gulf of Aden. 

U.S. Gulf/Caribbean. Between U.S. Gulf ports 
(Key West-Texas, inclusive) and ports in the ' 

Gulf of Mexico and Caribbean Sea (Mexico-French 
Guiana, inclusive) and all islands of the 
Caribbean and West Indies (except Puerto Rico). 

20 U.S. Gulf/East Coast South Arner.ica. Between U.S. 
Gulf ports (Key West-Texas, inclusive) and ports 
in Brazil, Paraguay, Uruguay, and Argentina. 

21 - U.S. Gulf/Western Europe. Between U.S. Gulf ports 
(Key West-Texas, inclusive) and ports in the 
United Kingdom, Republic of Ireland, and Con- 
tinental Europe north of Portuqal. 



APPENDIX B ( 4) 

Trade 
. -.- .Route 

No.. 
, , ., . Description 

U.S. Gulf/Far East. Between U.S. Gulf ports 
(Key West-Texas, inclusive) and ports in Japan, 
~aiwan, phi lip pine.^, and the continent of ~ s i a  
from the Union of Soviet Socialist Republics 
to Thailand, inclusive. 

U.S. Pacific/Caribbean. Between U.S. Pacific 
ports (Washington-California, inclusive) and ports 
.in the Gulf of Mexico and Caribbean Sea 
(Mexico-French Guiana, inclusive) and all islands 

. . ,of the Caribbean and West Indies (except Puerto 
. . Rico) . 

2 4 U.S. Pacific/East Coast South America. Between 
U.S. Pacific ports (Washington-California, in- 
clusive) and ports in Brazil, Paraguay, Uruguay, 
and. Argentina. 

U.S. Pacific/West Coasts Mexico, Central and 
South America. Between U.S. Pacific ports (Wash- 
ington-California, inclusive) and Pacific Coast 
ports of Mexico, Central America, Panama, Panama 
Canal Zone, and South America. 

26 U.S. - ~aci'fic/~estern Europe. Between U.S. Pacific 
ports (Washington-California, inclu'sive) and ports 
in the united-~in~dom, Republic of Ireland, and 
Continental Europe north of Portugal. 

27 U.S. Pacific/Australia and New Zealand. Between 
U.S. Pacific ports (washington-~alifofiia, inclu- 
sive, and Hawaii) and ports in Australia, New 
Zealand, New Guinea, and South Sea Islands within 
the general area. 

U.S. Pacific/India, Persian Gulf, and Red Sea. 
Between U.S. Pacific ports (Washington-California, 
inclusive) and ports in Southwest Asia from Suez 
to Burma, inclusive, and Africa on the Red Sea 
and Gulf of Aden. 

U.S. Pacific/Far East. Between U.S. Pacific ports. 
(Washinston-California, inclusive, ALaska, 
Hawaii, -and U. S. islands lying between the United 
States and the Far East) and ports in Japan, 
Taiwan, Philippines, the Continent of Asia from 



Trade 
Ro'u te 
No. 

. , 
Description 

the Union of Soviet Socialist Republics to Thailand, 
inclusive, and other Pacific islands lying be- 
tween the United States and the Continent of 
Asia as heretofore described. 

31 U.S. Gulf West Coast South America. Between U.S. 
Gulf ports (Key West-Texas, ~nclusive) and ports 
in Pacific Coast Colombia, Ecuador, Peru, and Chile. 
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APPENDIX C 

CONVERSION FACTORS 

. . 
The conversion factors.used in the study are listed in 

Tables C-l and C-2. 

Table C-1 
Energy Content of Fuel Types 

Table C-2 
Conversion Factors 

- 
Fuel Type . 

7 

' Diesel 

Residual 

Gasoline 

Coal 

BtusILong Ton of Fuel 

43.142 x lo6 

41.451 x lo6 

44.887 x lo6 

26.2 x lo6 

To Convert 

Pounds to long tons 

Gallons to barrels 

Barrels to long tons 

Divide by 2240 

Divide by 42 

Multiply by .I34 
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APPENDIX D 

MERCHANT VESSELS OF THE UNITED STATES 
. . 

Each year the United States Coast Guard publishes 

"Merchant Vessels of the United States (Including Yachts)," 

which lists and describes American merchant vessels and 

yachts having uncanceled documents. The 1976 computer tapes 

of this publication were obtained from the U.S. Coast Guard 

an@ proved to be a valuable data source for identifying 

and categakizing the U.S. merchant fleet. Table D-1 

through D-7 summarize the various groups of vessels con- 

tained in the U.S. Coast Guard publication. 



' aQOo~nnoo~oonooa~ooo~oooonuno~ooooooso~~~~ooaoouououunon~on~~~i 1. ~~uuonnauoao-nn~aoououuno~oo~~~~~~fia~~~t~ona~~~~noo.~~~u~ 

0 

. . 

a Y Y a o u n G 

a LJ.9'7 a 7 u S'bi a L'5C o 2'~l u L'Y o Z'S 0 bob it nici:.: 1;9v ti jAV .;;. . .. ... . .. . 
D Q U D 0 U 0 U 4 (L 

0 U'Yb n L*L'U o 9-UY u 4.25 , ,r U'bL L'9i u 5'LL 0 'I'Li > wv.jt ;9vuJi!v :> 

n Q u 0' o 4, a n U. t 

n ~*b'ti~ 0 L*f65 u i , u +/'id? o 5.96; o V*VY u 1.5'7 u 4'bY u ' ~-tl~i\>-i ~LJvu~/\v "* 
0 n 0 u o u Y <> u <: ... 
0 *L,b5-Ld 0 **?CVSi u 'L72L n 'YbhZ *buL ' 0 *+)L;! . n 'ZU * '5-L u citi ~9Vti3AV * . . .. 
D n O 0' 0 Y. U U U 0 

n 'LVLUi a 'ULLII u 'IJLUL b *ZSdV a *LLY v 'ib ' o '11 o ';!trV b .ti;.; 3CIVaiAV > 
0 U a . U 0 u. 0 a tt . 0 

.. . 
D 5 0 '*lhtlLi IP 'Lb5~1 a *+ttfYs u 'LL~ o .5L; o0SL ' o *dCL u ;d!j jbva3AV '0 



Table D-2 

0 0 0 0 ~ e 0 ~ 0 n a o a 0 ~ u 0 e 0 ~ ~ a e ~ 0 0 ~ ~ ~ ~ e 0 0 1 t 0 ~ n ~ e 1 t n e 0 e a ~ 0 a 0 0 0 4 ~ 0 a 0 ~ e u e u ~ ~ ~ 0 n 0 ~ ~ ~ 0 0 n n 0 0 0 ~ ~ ~ 0 e 0 0 n ~ 0 0 0 ~ ~ ~ ~ 0 a ~ 0 0 0 e 0 e 0 0 0 0 e 0 0 0 0 ~  

* o n . n o Y a o . 

e. . l n * 51  e ! n l  7 5 n l  0 1'0n 1 snn !  0 I-nonl a ?a001 
. . . . 

t o n o o o . . ' . . 

L Y e o o 
I n  : .- I . ~ F ' Q S ~  Pn rF Q ~n T I  * r n  o ~n 0 10  ' 0 T o  0 . 7 0  .o 

0 .  " .- ' D  

4' . .. . . . 5 0  . ~ n n  0 ~ ; n n  0 i n n n  , qnnn 0 r onnn  n 2 o n o n  a OVFR 
c . n o e D . o  
~ ~ n e o ~ o ~ n o o o o n o n o a ~ n n ~ ~ a ~ ~ o ~ n n o ~ ~ ~ u o n e ~ o o a n ~ ~ ~ e u ~ n n o ~ . n o n ~ ~ ~ o e e o o ~ o o o o # o ~ ~ e e o o ~ ~ o e o ~ o ~ a a o o ~ ~ o * O ~ o O ' o o ~ o ~ o ~ e o e o e ~ ~ o o  

o o n .) Y o o ? 0 .  
r t ! I lo4l tFIJ  n F  S ~ I ~ P S  I) Tit, 0 1 7 .  * 794 1 .  *' 7 4 ~ ~ .  0 . 16nQ. ~ n s .  P.  0 0. 
0 Q P n 0 P o o 0' 

r f, \ IF3.AGc GPT I I  37. " 17. 0 1 4  . *. QO, u ?A#,, 65C. 0 '1097. 0 .  
o u u u o . n m 
i P . V F . ? A T . ~  1!1'7 n 11. 17. " 7 ? a  h7. l 167, 0 437. . 74s. . ' 0. 
a 0 o o a o o o .. . .- . * .  
r A V ~ P A G F  HP 0 ? n , o  u'i.  n ?qi,. '1 7%. a ?n91. 0 6427. 0 !14ns.  n. 
c n o D 0 o o o D 

c h V F l l A r t F  ! .Fh lGTH . . 6n.n n . .. 41.4 a* t .h.9 0 . h4.1\.*. 99.1 0 14k.3  IS?.^ . 0.n 0 .. . 
C ' G .  0 0 ' 0 . . 0 0 . . AVFPbr,r. '  !IF h o t  I) 17.5 0 12.1 0 15.G 0 E l  .fl -. 7R.T 0 43.4 0 56.7 * ' 0.0 0 

0 D 0 0 0 0 * . . . . . . . . , . . .. .. .. 0 '  . .. 
i n v f a i r , ~  ?FP?H ' . '  0 4.1 0 4.6 n 5 . 6  0 7.9 in .?  ,! 1 .. 7 1P ..9 0.0 

0 0 * a * 
~ o . o o n m o n ~ e ~ ~ ~ ~ ~ ~ ~ n o a . ~ o ~ ~ ~ o u ~ o n ~ ~ e n ~ n ~ ~ o o o o o ~ ~ ~ o o o o o ~ n a o ~ o ~ o o e n o o o o o o ~ e ~ o e ~ o o o . ~ e ~ ~ ~ o o v o ~ o o ~ ~ ~ ~ ~ ~ o ~ o o ~ ~ ~ ~ ~ ~ e o o ~ o ~  



Table D-3 

. ' 6 , r , ,  c ..... . . ( 5 .  * .  .. , It  

hb. 0 1 7 .  " 
n o 

II . n U J ,  0 

n n 

6 C , . n  n . . .  . 7 0 . 7  e' 

*; 

7 1.. 7 1, 1 7 . 4  0 

Y 



Table D-4 

t) n 5 n  ~ n r )  0 'inn 0 l c l n n  ciocln 0 i n o n n  * Z o o n o  u O V F R  * 



Table D-5 

....... . . . .  
. . . . . . .  .!, . VTSC' SFRV!CF" C R A F T S  

a ~ ~ n a a t a n a a ~ n n n n ~ ~ n a i t n ~ ~ n ~ n a n n a ~ ~ ~ a ~ ~ ~ a a a a a ~ a a n a a ~ a ~ b ~ a ~ n a o o a a n ~ n n a a a a a a a a a o o a * a ~ ~ ~ a ~ a Q a ~ ~ * ~ ~ a R ~ o ~ a a * o ~ ~ ~ * ~ * e ~ * ~ .  . . . J 

a a * a a a a a . a  
0 . . 

n I! 51 * !ni rial 9 i n n 1  so'n! 0 l o w n i  E O O O I  4t 

9 . .  . . . .  Q . . . . .  . a i t  n '9 . .Q *. * a 

HARSFPnHFR * ' T O  0 . ~ n  * ~n n T O  : T O  Q ~n 0 T n n T O  0 
0 0 n .O l4 . a  . 0 u .  0 * . .  
n . . . . . . . . . . .  . . .  . s n n  l n o  snn n , , ~ n n n  (I 5nn.q Q io'cno * ' ? o n n n  * nvfR 
n * .  it a n . * .  a a n o 
n n a n n n n n u ~ t n n o o ~ b n o + r n o n  ~ b n u a n a a o n u ~ ~ ~ u a n u ~ o U o ~ b o ~ ~ a ~ n a ~ ~ n u n n n u a ~ n n e o o a o o o a ~ Y ' o a n o a , a a ~ v a a a n ~ a ~ n a ~ i t a s a ~ a a a a a ~ ~ . ~ ~ ~ a n ~ ~ o  

I1 0 .a " . . . . .  * . .  . . 0 a . . .  a .n 

a. N I J M R F ~  n~ s t i ! ~ ~ i  n . 5. . a  1 1 .  * 16R. * .nc; ,  a ZR.. 4 . 0. * n, a .  0.. . 
3 -, a a U a ' a a . . U .  

0 . .  

. . . . .  AVFQIT,F . G T ) ~  ,:. . . . .  * . . . .  . 2 7 ,  n 13.  ' 0  713. a qc;. .a  366. a 0. -a n. * n. t . . .  ... 
0 .  . . o P n c a a n .it . a 
>. ~ V F R A G F  NRT f t  ? q e  * ~ n ,  a 20, ll 35. * 734." , n..* n.. 0. a 

* o n a Y a - ... " ... . -* . . . .  a .  - -a 

o' A V F R . A C F  HP .- * ?n. * ~ 9 .  0 271  0 667. 1.6nn. a. 0. n. a 0. 
a Q 0 n .  n ..a a n .a ' n  

'? A V F R A G F  . t E b ! G T H  . 41.0 * .. 7fr.n * 4'4.4 ? 51.9 ' 1flR.1 .* ' 0.0 .0.0 a 0.0 * 
n n .  n a a n n .a U . 
* A V E R A G E  R E A M  .l! 13.4 fi 1 Q 1 7 . ~  !' 15.2 ,3~i.n n.o 0 . n.n i t  0.0 * 
n n a a a a 'a . a D i t .  . . . .  
c A V F R A I ~ F  F E P T H  . 6.n 0 .  7.9 a 5 . 6  0 6 . ~  . 11.3 a 0.0 * 0.0 * 0.0 a 
Y 9 it n n a 0 n D Q 

c o a ~ o a n a o ~ n n a ~ ~ n n ~ n ~ n n n n ~ o a n a a n a ~ ~ ~ a a a a a ~ a a ~ a a ~ ~ n o ~ a ~ n n n n a ~ ~ a ~ a ~ a ~ a a a ? * a ~ a ~ Q * a ~ a ~ a ~ o * a ~ o ~ * ~ a ~ ~ ~ ~ ~ ~ ~ * ~ * ~ * a U ~ n O a  ... . - . . . .  . . . . 

TOTAI .  RFs1D 797 
% 
TI 
m 



. . .  
I. . P ~ ~ s F Y ~ F P  V.T~SEI.S . ff.PQYS 

. . 
0 .  . . 

. . .  
I . .  

.. , ., - . . . n r . . u ~ ~ o o ~ . o n n o ~ r n n n ~ o o o q . ~ n a s n n a o n . o . o o o n u ~ o o a o s r n a o o a n ~ n n n o o ~ n o n ~ ~ e ~ ~ ~ ' ~ o ~ o a ~ o o ~ i ~ ~ o o e o o o o ~ ~ o ~ o o ~ m o o ~ ~ ~ ~ o ~ ~ ~ m o o  

0 0 0 0 . 0 0 . . 0 '  0 .. 
n .n 51 . 0 l n l  . 1, 501 . p 1001  ' .  rin,ol u 100ol * 2000.1 . ,* . 0 0 'G 0 d '  ' 0 

. . . . . . . . .  -. . .  . . . . .  .. 
u n s ~ r ~ n ~ r ~ .  0 TO , T O . O  7.n * l n  T!, T W  .*  T O ,  0 . ' n n o o o o 9 .  o 

0 . . 0 .  - sri .o ,. , l n o  0 . . . . . . .  . . .   on fi l n n n  0 snnn,  * I onno  * ?nnnty 0 - OVFR u 
0 0 .- 0 0 0 . 0 .: 0 (I * 0 

~ o ~ ~ ~ n ~ o o o ~ ~ a o o ~ o o ~ ~ ~ ~ ~ ~ n a a ~ ~ o ~ o o n n ~ ~ ~ o ~ o o o o ~ ~ o o a o ~ o ~ a a o u o o a o ~ n u o o ~ ~ ~ o ~ O O ~ o o n e ~ a o e ~ o o o o e n ~ o o o o o o ~ o o o n ~ o o ~ o o o o o e ' o  

e 0 Y 0 ' 0 0 u 0 P 0 . . 
P : I J W O F ~  nf s u i o s  a 71s. -0 ~474. 4, 4917.  ' 027.  o 215. . 17. .* A. n.. 

' D  0 n 0 . o  . o . . ,  0 0 - 
0 L V F a A C , F  GOT o 175. * 17. O 71.  . 51. ~ h q . 0  1 7 1 1 . n  1 1 1 4 h . q  .n . 

. . 
0 .  0 0 a  . 0 0 0 0. 

L V F P . ) ~ . ~ . ~  N O T  7.4 . 0 I?. " ! A .  0 37. 701. 0 . l'i'?~. o . h.n?n. a n; * . 
a o Q o o o . . .  ... . . .  ' 0  

I . V C ~ A C . F  HP o 31. o . " Z .  a .?&R. 6 5 7 .  0 IAA-n. 0 1 0 9 ~ .  .O I . ~ Y R Y .  a n. 
0 o e ( I  o o n 0 o 

I.!,F3hfIF I .FhIf.TU 0 . . .  4 . o . ~  0 4 0 . 0  0 4: .n e q 2 . 4 0  1 7 4 . 1 0  3 6 2 . 1 ~  4 ~ 9 . 6 s . .  n . 0 0  
c o a (I o e Y D 0 . . .  * 
o ~ . ~ T D A ~ . F  n f n o 4  1 7 . 7  I?.!, 0 . I?.? $I !h.n 3n.s 711.Z 7R.R 0 0.0 
e 0 0 0 0 . . . u . . . .  . . 

1 ~ ~ 0 n r . l :  p f f l ~ u  o 5.7 o 4.9 n s. !  6.4 9.7 o 70.7 o 30.. 3 0 n.n 0 . . . <t u n n o . . *  o 0 o 

. o ~ ~ . ~ ~ ~ o a o e . ~ ~ ~ n n ~ ~ s ~ t ~ ~ o n O a ~ ~ ~ n o n n + n ~ o u u n ~ ~ ~ o ~ ~ a a o o o o a n o o ~ o ~ o o o o o o ~ o O O ~ O O ~ o O ~ o o o o o ~ o ~ ~ o o o o O O ~ O O ~ O O W O o ~ ~ ~ ~ O o o o o O o  . . .  . . .  

T ~ T J ;  P F A ~  6 ~ 1 0 7  

:II!UFTP O F  q l 4 7 P S  hfl9'1 



~ooa~ooooo.no~~~oooo~~~~~o~o~~o~~~~~~~oo~~o~oa~~~~oououuau~~ou~~uou~uoo~ooo~~e~ooovou~~ouooou~a~o~o~~uoouo~o~ao~~~~~ 

3- E u n 
4 bob 0'0 0 9'1 a AWL) • ti'Y - 7.5 0 '1.9 o 'I'Y nia3G ).~';ojl,v - . . 
0 

i:,:. * 
L) . . 0 I) 

I'..., 

m 0'0 0'3 u u'Ci ,> i~ ' tj i 0 u'si' 0 iWCi 0 C'Ci u 5'Ul ,.viu 3';vh;nv : 

J 4 u n O' 

* U'.O 0'0 a U'U') 9 S'iL n 3'77 u ~.ii . n C'J~ n 'I'LL o I ; r 

rt 'UOYb v 

. . ,, -92 * 
u 

'it 
,I 

0 '1 q 

LI 0 

* U. 

'YL D .bd 0 I j'JV0:jf.V 

0 

'9 1 o 'ul - icilc j'jY~jhi' 
u " 

*b i o *ll 4 im'J d1JVUJhV 

1 u 'LYLZL 5oinS ju djbnl~li 
0 0 





BIBLIOGRAPHY 

1'. ''A ,Statistical Analysis of the World's Merchant Fleets," 
Maritime Administration, December 31, 1974. 

2. "Analysis of Marine Fuel' Consumption and Sales," National 
~aritime Fesearch Center, Department of Commerce 1975. 

3. "Alternative Energy Sources for Marine Power Plants," 
NMRC, ~epartment of Commerce, 1975. ' 

4. "FP Statistical ~eview of the World Oil Industry," British 
Petroleum Company, 1975. 

5. "Big Load Afloat," American Waterway Operators, Inc., 1975. 

6. "Bunker Fuels," monthly reports issued by U.S. Department 
of Commerce, Bureau of Census. 

7. "Containerization International Register of Container 
Carrying Vessels," containerization International Year- 
book, 1976. 

8. Containerized Czrgc Statistics 1974, MarAd. 

9. "Development of;an Energy Reporting System for the 
Maritime Industryv-Draft Report, Metrics, Inc., 1976. 

10. . "Economic Comparison of Various Marine Power Plants," 
NMRC, Department of Commerce, 1975. 

11. "Essential U.S. Foreign Trade Routes," MarAd, 1975. 
. . 

12. "Estimated Vessel Operating Expenses," MarAd,' 1976. 

13. "Fishery Statistics of the United ,States," National Marine 
Fisheries Service, Department of Commerce, 1973. 

14. "Foreign Flag Merchant Ships Owned by U,S. Parent Com- 
panies, " MarA.d,  1975. 

15. "Greenwood's Guide to Great Lakes Shipping," Freshwater 
Press, Inc., Cleveland, Ohio, 1975. 



16. "Management of a Seaport," NMRC, Department of Commerce, 
1974. 

17. Marine Engineering, Vol. I, Society of Naval Architects 
and Marine Engineers, 1962. 

18. ' "~arine Fuels Energy Conservation Program for Steain Turbine 
.Ships," Chevron International Oil Company. 

19. "Maritime Fuel Price and Availability, 1975-2000," 
~et-ra '~ech, Inc., April 1975. 

20. "Merchant Vessels of the United States (Including Yachts)," 
U.S. Coast Guard, 1976. 

21. "Mineral Industry Surveys," U.S. Department of the Interior, 
Bureau of-~ines. . 

22. "Private and Commercial Nonhighway Use of Gasoline," U.S. 
Department of Transportation, Federal Highway Administration. 

23. "Recreational Boating in the 'Continental United States," 
U.S. Coast Guard National Boat Survey, 1973. 

24. Ship Design and Construction, SXAME, 1969. 

25. "Shipping Statistics and Economics," H.P. Drewry Ltd., 
London, England. 

26. "ship Register, " Military Sealift Command, October 1976. 

27. "Trends in Merchant Shipping (1969-1980)," Tetra Tech, 
Inc., 1975. 

28.. "Transportation Lines on the Great Lakes System 1975," 
Tra~isportation Series 3, Corps of ~ngineers, 'U.S.. Army. 

' 

29. "Transportation Lines on the Mississippi River System and 
the Gulf Intracoastal Waterway 1975,"  rans sport at ion Series 
4, Corps of Engineers, W.S. Arm.y. 

30. "Transportation Lines on the Atlantic, Gulf and Pacific 
Coas'ts," Transportation Series 5, Corps of Engineers, 
U.S. Army. 

31. "U.S. Merchant Marine Data Sheet," published monthly by 
the Maritime Administration, U.S. Department of Commerce. 



32. "U.S. Waterborne Exports and General' T.~ports," published 
(?- monthly by the U.S. Department of CommerceIcBureau of 

- - 

Census. 

33. "Vessel Inventory Report,," MarAd, U.S. Department of 
Commerce. 

34. "Waterborne Commerce of the United States 1974," 5 parts, 
Corps of Engineers, U.S. Army. 

35. "1974 Inland Waterborne Commerce Statistics," The American 
Waterway Operators, Inc. 

36. "1975 LNG Carrier Directory," Ocean Industry, Nov. 1974. 

37. "1975-76 Directory of Marine Drilliny Rigs," Ocean 
Industry, September '1975. 

3.8. "Boating Statistics 1975," U.S. Coast Guard. 

39. "Domestic Waterborne Trade of the United Skates 1967-1974," \ 

Maritime Administration, U.S. Dept. of Commerce. 




