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superior to ships in fulfilling cargo transport, Naval Fleet Auxiliary,
and scientific support missions due to their ability to separate propulsion
unit (tug) from cargo/functional unit (barge). This separability allows
drop-and-swap operation where specialization of function: tugs for transport
and barges for storage and shoreside operations may result in mission accom-
plishment at less cost than if ships were used. Additionally, this flexibility
of separability allows the same propulsion unit to be used in any of MSC's
three mission areas as demands and priorities dictate.

Given that OGTB's can be efficiently and effectively utilized in both
MSC's peacetime and wartime operations, it is recommended that MSC consider
adopting an overall OGTB fleet strategy that would integrate peacetime OGTB
assets with contingency/mobilization assets. This would require MSC's peace-
time fleet of ships to be gradually replaced with OGTBs capable of augmentation
with existing commercial and mobilization OGTBs during contingency/mobilization
operations. This strategy would result in a peacetime fleet that could be
rapidly expanded for wartime.operations with the integration of commercial/-
reserve OGTB assets.

The report is organized so that the reader is led from a point where no
knowledge of OGTBs is assumed to a point where the concept of an overall
OGTB fleet strategy is established as a reasonable and logical method of
providing contingency and mobilization sealift capacity. This is done
through the use of five chapters that (1) introduce the OGTB concept and
related technology, (2) discuss the commercial economics involved in their
operation, (3) establish their usefulness in military operations, and (4)
suggest what National Defense Features that should be included on OGTBs con-
structed with subsidies. Chapter 5 suggests how a peacetime military fleet
of OGTBs using their commercial advantages discussed in (2) can be expanded
by use of commercial/reserve OGTB assets during contingency/mobilization
operations so that the military advantages discussed in (3) can be achieved
most expeditiously. The text is augmented by five appendices that list
particulars on (1) Tank Barges over 50,000 Bbl capacity (2) Cargo Barges over
2,500 GRT, (3) Ocean-Going Tugs over 3,000 HP, (4) A computer model to
evaluate the economics of operating OGTBs in a deop-and-swap versus integral
mode, and (5) a bibliography of OGTB literature.
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ABSTRACT

The purpose of this report is to identify the potential mil-
itary roles of the commercial Ocean-Going Tug-Barge (OGTB) fleet
and to suggest how it may be efficiently used in military
operations. The overall conclusion is that the commercial fleet
of OGTBs in conjunction with our nation's extensive tug and barge
building facilities provides a substantial sealift capability in
support of Military Sealift Command (MSC) peacetime, contingency,
and mobilization operations. In many instances it is determined
that OGTBs are superior to ships in fulfilling cargo transport,
Naval Fleet Auxiliary, and scientific support missions due to
their ability to separate propulsion unit (tug) from
cargo/functional unit (barge). This separability allows
drop-and-swap operation where specialization of function: tugs
for transport and barges for storage and shoreside operations may
result in mission accomplishment at less cost than if ships were
used. Additionally, this flexibility of separability allows the
same propulsion unit to be used in any of "MSC's three mission
areas as demands and priorities dictate.

Given that OGTBs can be efficiently and effectively utilized
in both MSC's peacetime and wartime operations, it is recommended
that MSC consider adopting an overall OGTB fleet strategy that
would integrate peacetime OGTB assets with
contingency/mobilization assets. This would require that MSC's
peacetime fleet of ships to be gradually replaced with OGTBs ca-
pable of augmentation with existing commerical and mobilization
OGTBs during contingency/mobilization operations. This strategy
would result in a peacetime fleet that could be rapidly expanded
for wartime operations with the integration of commercial/reserve
OGTB assets.

The report is organized so that the reader is led from a
.point where no knowledge of OGTBs is assumed to a point where the
concept of an overall OGTB fleet strategy is established as a
reasonable and logical method of providing contingency and mobi-
lization sealift capacity. This is done through the use of five
chapters that (1) introduce the OGTB concept and related
technology, (2) discuss the commercial economics involved in
their operation, (3) establish their usefulness in military
operations, and (U) suggest what National Defense Features that
should be included on OGTBs constructed with subsidies. Chapter
5 suggests how a peacetime military fleet of OGTBs using their
commercial advantages discussed in (2) can be expanded by use of
commercial/reserve OGTB assets during contingency/mobilization
operations so that the military advantages disucussed in (3) can
be achieved most expeditiously. The text is augmented by five
appendices that list particulars on (1) Tank Barges over 50,000
Bbl capacity, (2) Cargo Barges over 5,000 GRT, (3) Ocean-Going



Tugs over 3,000) HP, (Lla computer model to evaluate the econom-

ics of operating OGTBs in a drop-and-swap versus integral mode,

and (5) a bibliography of OGTB literature.

I~is a]



ACKNOWLEDGEM ENTS

I wish to take the opportunity here to express my apprecia-

tion to those individuals who have provided me guidance and as-

sistance during the preparation of this report. First I would

like to thank Prof. E. G. Frankel of M.I.T. and Mr. J. A. Brogan

of the Military Sealift Command for arranging the funding for the

research presented here since without their efforts this report

on a subject of current military interest could never have been

accomplished. I would also like to thank Prof. H. S. Marcus of

M.I.T. for his assistance and moral support throughout the two

years that it took to complete this research. Finally, I would

like to thank all the individuals of the OGTB industry, their

names are too numerous to list here, who provided me invaluable

data, illustrations, and advice.

.

iv



TABLE OF CONTENTS

ABSTRACT .. .. ..... ........ . .. .. .. .. .. .. . . .

ACKNOWLEDGMENTS .. .. ......... .......... ....... iv

TABLE OF CONTENTS .. .. ......... .......... ...... v

TABLE OF FIGURES. .. .. ......... ......... ....... viii

TABLE OF TABLES. .. ........................... x

0. EXECUTIVE SUMMARY. .. ........................ 0-1

1. INTRODUCTION .. .. .......................... 1-1

1.1 The Rationale for a Report on ocean-Going Tug-Barges (OGTBs) .. 1-1
1.1.1 Recent Advances in OGTB Technology. .. ..... ..... 1-2
1.1.2 Military Advantages of OGTBs over Ships .. ........ 1-2
1.1.3 Previous Military and Government Studies on OGTBs . . ..1-17

1.2 Historic/Economic Review of OGTB Technology. .. .... ..... 1-22
1.2.1 Historical Development of OGTBs .. ...... ...... 1-22
1.2.2 Development of Push-Towed OGTBs .. ...... ...... 1-23

1.3 Description of Various OGTB Studies................1-28

1.3.1 pull-Towed and 1st Generation Push-Towed*OGTBs........1-28
1.3.2 2nd Generation Push-Towed OGTBs .. ....... ..... 1-35
1.3.3 3rd Generation Mechanically-Linked OGTBs. .. ....... 1-41
1.3.4 3rd Generation Flexibly-Linked OGTBs. .. ......... 1-57
1.3.5 3rd Generation Loosely-Linked OGTBs .. ........ .. 1-61

ANNEXES
A. Tug/Barge Mobilization Missions.. ................ 1-69
B. Abstracts of Military Sponsored Research on OGTis.........1-79

2. OGTB COMMERCIAL ECONOMICS. .. .................... 2-1

2.1 Economic Comparison of OGTBs with Ships .. .. .......... 2-1
2.1.1 Manning Size .. .. .................. 2-1
2.1.2 Coast Guard Licensing Requirements............2-3
2.1.3 Overall Crewing Costs .. .. ......... ..... 2-5
2.1.4 Capital Construction Costs. .. .. ......... .. 2-5
2.1.5 Fuel Expenses .. .. ......... .... . . . . .2-9
2.1.6 Operational Safety. ............... . . 2-10
2.1.7 Maintenance and Repair Costs...............2-11
2.1.8 Insurance Costs. .. ..... .......... ... 2-12
2.1.9 Flexibility. .. ................... 2-13
2.1.10 Overall Economic Comparison of'OGTis and'Ships.......2-14

2.2 Economic Gomparison of OBTB Operation in the Drop-and-Swap
Versus Integral Mode. .. ..... .......... .... 2-17
2.2.1 Detailed Description of the Different Modes of Operation.2'-17
2.2.2 Brief Description of the Drop-and-Swap Computer Model .. 2-18



2.2.3 Base Case Results of Computer !Model ... ........... .. 2-21
2.2.4 Sensitivity Runs of Computer Model .... ............ 2-34
2.2.5 Summary of Computer Model Results .... ............ .2-46

2.3 Future Prospects for OGTBs ........ ................... .2-47
2.3.1 Current Coast Guard Regulatory Initiatives .......... .2-47
2.3.2 Future of Mechanically-Linked OGTBs Versus Ships ....... 2-50
2.3.3 Future of Loosely-Linked and Pull-Towed OGTBs Versus

Ships and Mechanically-Linked OGTBs .... ........... .2-51
2.3.4 Future of Loosely-Linked OGTBs Versus Pull-Towed OGTBs. .2-51
2.3.5 Summary of OGTB Future Prospects .... ............. .2-52

ANNEXES
A. Summary of U.S. Coast Guard Requirements

for Ocean-Going Tug-Barge Combinations ..... ............. .2-53
B. Comparative Costs of Tug-Barge Configurations ............. .2-59

3. APPLICATIONS OF OGTBs TO MILITARY OPERATIONS .... ............. .3-1

3.1 OGTBs for Military Cargo Transport Missions ... ........... .3-1
3.1.1 Peacetime Operations .... ...................... 3-1
3.1.2 Contingency Operations ....... .................. 3-5
3.1.3 Mobilization Operations ....... ................. .3-9

3.2 OGTBs for Fleet Support Operations ...... ............... .3-14
3.2.1 OGTBs for Fleet Support Logistics .................. 3-14
3.2.2 OGTBs for Fleet Support Service ..... ............. .3-20

3.3 Special Projects (Scientific Operations) .... ............ .3-22

4. NATIONAL DEFENSE FEATURES APPLICABLE TO OGTBs .... ............ .4-1

4.1 Current NDF Legal Structure ....... ................... .4-1
4.2 Current NDF Requirements .... .................... 4-3

4.2.1 National Defense Feature Considerations. ........4-3
4.2.2 Basic NDF Standards ........ ................... .4-4
4.2.3 Specific NDF Criteria .............................. 4-7

4.3 Suggestions for an Additional NDF for OGTBs ... ........... .4-11

5. PROCUREMENT STRATEGIES FOR A MSC OWNED/OPERATED OGTB

CONTINGENCY FLEET ........... .......................... .5-1

5.1 General Contingency Operation Considerations ............. .5-1
5.1.1 Reserve Tugs ........ ....................... 5-3
5.1.2 Reserve Barges ....... ...................... 5-4

APPENDICES

A. Ocean Going Barges Greater Than 2500 Gross Registered Tons . . .A-1

B. Ocean Going Tank Barges Greater Than 50,000 Barrel Capacity. . .B-1

C. Tugs Greater Than 3000 HP ....... .................... C-i

D. Drop-and-Swap Computer Model: Formulation and Assumptions . . .D-1

vi



E. Bibliography. .. .. .. .. ................... E-1

vii



FIGURES

1.1 Typical Small Pull-Towed OGTBs: Tugs and Barges ... ........... .1-3
1.2 Typical Large Push-Towed OGTBs ........ ................... .1-5
1.3 Modern Pull-Towed and 1st Generation Push-Towed OGTB .......... .1-33
1.4 Crowley TMT Tri-Deck RO/RO Barge ....... .................. .1-34
1.5 Patent Drawings for l.O.T. 2nd Generation Linkage ............. .1-36
1.6 I.O.T. 2nd Generation Push-Towed OGTB. ..... ................ .1-38
1.7 Bulkfleet Marine 2nd Generation OGTB System .... ............. .1-39
1.8 SEEBECK 2nd Generation Push-Towed OGTB System .... ............ .1-40
1.9 Breit/lngram Linkage ........... ........................ 1-44
1.10 CATUG OGTB Linkage Design ......... ...................... 1-47
1.11 ARTUBAR Semi-Rigid OGTB Linkage ....... ................... .1-51
1.12 Profile of RO/RO ARTUBAR OGTB ........ .................... 1-52
1.13 Sea-Link Semi-Rigid 3rd Generation OGTB System ... ........... .. 1-56
1.14 FLEXOR Linkage .................................. 1-59
1.15 Arti'- Drawing of FLEXORs in Commercial Flexibly-Linked

OGTB .,ystems ..................................... ... 1-60
1.16 Breit & Garcia Loosely-Linked 3rd Generation OGTB System. ....... .1-64
1.17 CABLE-LOC Loosely-Linked 3rd Generation OGTB System ............ .1-65
1.18 RO/RO Barge for Mobilization .............................. .1-73
1.19 Dry Cargo Barge for Mobilization ............................ .1-75

2.1 Port Pair Trades: Integral and Drop-and-Swap Modes ........... .2-19
2.2 Base Case Values for Semi-Fixed Parametric Data ... ........... .2-23
2.3 Plot of RFR Vs. Terminal L-D Rate

Base Case Run: Annual Cargo Flow of 100,000 LT ... ........... .2-25
2.4 Plot of RFR Vs. Terminal L-D Rate

Base Case Run: Annual Cargo Flow of 600,000 LT ........... .2-26
2.5 Plot of RFR Vs. Terminal L-D Rate

Base Case Run: Annual Cargo Flow of 1,000,000 LT ............. .2-27
2.6 Plot of RFR Vs. Terminal L-D Rate

Base Case Run: Annual Cargo Flow of 6,000,000 LT ............. .2-28
2.7 Plot of RFR Vs. Terminal L-D Rate

Base Case Run: Annual Cargo Flow of 10,000,000 LT .. ......... .. 2-29
2.8 Plot of RFR Vs. Terminal L-D Rate

Sensitivity Run: Annual Cargo Flow of 1,000,000 LT
With Cargo Value of $0 ...... ... ....................... 2-36

2.9 Plot of RFR Vs. Terminal L-D Rate
Sensitivity Run: Annual Cargo Flow of 1,000,000 LT
With Storage Facility Capital Cost of $46/LT .... ............ .2-40

2.10 Plot of RFR Vs. Terminal L-D Rate
Sensitivity Run: Annual Cargo Flow of 6,000,000 LT
With Storage Facility Capital Cost of $48/LT .... ............ .2-41

2.11 Plot of RFR Vs. Terminal L-D Rate
Sensitivity Run: Annual Cargo Flow of 1,000,000 LT
With Storage Facility Capital Cost of $48/LT
With Storage Facility Operating Cost of $1/LT .... ............ .2-42

2.12 Plot of RFR Vs. Terminal L-D Rate
Sensitivity Run: Annual Cargo Flow of 1,000,000 LT
With Barge Draft Limited to 38'. .................. 2-44

viii



2.13 Plot of RFR Vs. Terminal L-D Rate
Sensitivity Run: Annual Cargo Flow of 1,000,000 LT

jWith Barge Draft Limited to 38'
With Storage Facility Capital Cost of $48/LT .... ............ .2-45

3.1 MECCANO Deck Installation ......... ..................... .3-16

D.1 Model Formulation ..... .......................... D-2
D.2 Definition of Required Freight Rate ...... ................. .D-3
D.3 Summary Flowchart for Drop-and-Swap Computer Model .. ......... .. D-5
D.4 Sample Input for the Drop-and-Swap Model ... .............. D-7
D.5 Example of Detailed Output from the Drop-and-Swap Computer Model . .D-10
D.6 Example of Summary Output from Drop-a,:d-Swap Model .. ......... .. D-11
D.7 Equations Used in the Calculation of Barge Freeboard .. ........ .D-18

i

IX



TABLES

1.1 Domestic Barge Traffic: Commodity by Type of Traffic .......... .1-9

1.2 Average Characteristics Certain Maritime Administration Designs. ..- 15

1.3 Maritime Administration Index ........ .................... 1-19
1.4 OGTB Owners, Operators and Designers ...... ................ .1-29

1.5 U.S. Flag Third Generation OGTBs ....... .................. .1-43

2.1 Economic Comparison of OGTBs and Ship by Cost/Operational Category .2-2
2.2 Typical Manning Scales for Tank OGTBs and Ships ... ........... .2-4

2.3 Summary of Inputs Used in Base Case Runs ...... ............. .2-22
2.4 Ranges for System Parameters ........ .................... .2-24

2.5 Tabular Output Summary for Sensitivity Runs .... ............. .2-30
2.6 Summary of Inputs Used in Sensitivity Runs ..... ............. .2-35

2.7 Tabular Summary for Sensitivity Runs ...... ................ .2-37
2.8 Summary of 1MCO Tanker Construction Anti-Pollution Regulations . . .2-48

3.1 Risk Matrix ...... .... ............................. 3-19

D.1 Formulae for Determining Number of Terminal Facilities/Barges
at Each Port ...... .................. .. ...... .. D-13

D.2 Barge Hull Weight and Length Formulae .. .. ............. D-15
D.3 Barge Outfit Weight ..... ......... .................. D-15

D.4 Minimum Freeboard Values ............. ............... .D-17
D.5 Tug Capital Costs ............... ................... D-20
D.6 Annual Operating Costs for Supplies, Maintenance and Repair,

and Insurance ...... .......................... D-23
D.7 Comparison of Model and MARAD Data for Annual Operating Costs . D-26

x



a ll"'_. . . ,. . ,,

EXECUTIVE SUMMARY

Scope

Today, the U.S. Merchant Marine fleet contains several
thousand ocean-going tugs and barges. They range from small,
slow-speed, hawser-towed systems suitable for outsize cargo and
shallow water movements to very large (up to 55,000 DWT), moder-
ate speed (up to 16 knots), push-towed systems capable of
performing the same roles as ships of equal size and speed. Al-
though these vessels, especially the new shiplike systems, have
significant military potential for use in contingency and mobili-
zation operations, they have received little attention by mili-
tary planners.

It is therefore the purpose of this report to identify the
potential military roles of the commercial Ocean-Going Tug-Barge
(OGTB) fleet and to suggest how it may be efficiently utilized by
the military in peacetime, contingency, and mobilization
operations. (1) The report concentrates on OGTBs with bulk
(primarily POL), deck, and RO/RO barges and makes no mention of
special purpose (derrick, pipelay, and sludge, etc.) barges.
Neither are river or other tugs and barges not classed for ocean
service considered. And, only those military missions performed
by the Navy's Military Sealift Command, that is, cargo transport,
Naval Fleet Auxiliary and scientific support operations, are
discussed.

Conclusions and Recommendations

It is the overall conclusion of this report that the com-
mercial fleet of OGTBs in conjunction with our nation's extensive
tug and barge building facilities provides a substantial sealift
capability in support of military peacetime, contingency, and mo-
bilization operations. In many instances OGTBs are superior to
ships in fulfilling cargo transport and fleet support missions
because of their ability to separate propulsion unit (tug) from
cargo/functional unit (barge). This separability allows special-

(1) A contingency operation would involve only U.S. flag ships
that are voluntarily chartered to the military or are called up
via the Strategic Readiness Program. A mobilization operation
would involve U.S. flag and allied shipping being requisitioned
for military use via the imposition of national emergency
measures as well as the construction of specially designed mobi-
lization vessels.

0-1
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ization of function: tugs for transport and barges for storage
and shoreside operations.

It is also concluded that all of MSC's peacetime missions,
cargo transport, Naval Fleet Auxiliary and scientific support
operations, can be currently accomplished by OGTBs at little or
no addftional cost compared to ships. Missions involving long
distance and/or transoceanic movements can be handled best by
shiplike mechanically-linked push-towed OGTB systems while the
shuttle and intra-area missions can be satisfactorily handled by
less sophisticated OGTB linkage systems. Even if the
separability of propulsion and cargo/functional unit did add to
the construction cost as would be expected in the long run, the
overall systems costs would be lower through efficient use of the
interchangeable propulsion and cargo/functional units.
Additionally, this flexibility of separability allows the same
propulsion unit to be used in any of MSC's three mission areas as
demands and priorities dictate.

Given that OGTBs can be efficiently and effectively
utilized in both MSC's peacetime and wartime operations, it is
recommended that MSC consider adopting an overall OGTB fleet
strategy that would integrate peacetime OGTB assets with
contingency/mobilization assets. This would require that MSC's
peacetime fleet of ships to be gradually replaced with OGTBs ca-
pable of being augmented with existing commercial and mobiliza-
tion OGTBs during contingency/mobilization operations. This
strategy would result in a peacetime fleet that could be rapidly
expanded for wartime operations with the integration of
commercial/reserve OGTB units. However, prior to the
implementation of such a strategy, the following additional
research, study, and/or action would be needed zo ensure the suc-
cess of the concept:

(1) Evaluation of current commercial OGTB linkage designs to
compare their relative military and commercial performance to
include: linkage drags, costs of installation and retrofit, ease
of retrofit on pull-towed designs, ease of linking/unlinking in
various sea states, and ability to remain in push-tow operation
in various sea states. The best system should be selected as
MSC's standard linkage design.

(2) Inclusion of the MSC standard linkage design(s) as a Nation-
al Defense Feature on OGTBs constructed with subsidy funds. This
would ensure that these OGTBs are compatible with those in MSC's
peacetime fleet and so would be immediately available to augment
that fleet in contingency operations.

(3) Promotion of a standard linkage design(s) for non-subsidized
OGTBs by the use of tax credit or other types of incentives.
This would provide many commercial OGTB assets capable of immedi-

0-2



ately augmenting MSC's peacetime fleet in case of expanded
operations.

(4) Identification of potential locations and configurations of
barge yard facilities during a mobilization. This would ensure
that these faci.lities could be rapidly brought online to expand
the MSC wartime OGTB fleet. (Sufficient tug building facilities
do appear to exist as a result of the offshore oil industry.)

(5) Evaluation of the disruption/impact on domestic commerce
resulting from tank and deck OGTBs being committed to contingency
operations. This would require a market survey of the commercial
OGTB fleet to determine the amount of surplus/deficit capacity
available presently and in the future as well as the ability of
other transport modes to absorb the loss of OGTBs to military
operations.

(6) Evaluation of the costs/benefits resulting from the conver-
sion of obsolete ships of the National Defense Reserve Fleet
(NDRF) into barges with linkages compatible with MSC's active and
reserve OGTB fleet. This concept might extend the life of the
NDRF fleet as well as provide reliable cargo transport capacity
at rather low cost compared to other alternatives.

It is recognized that such a comprehensive OGTB fleet
strategy is very ambitious and would require significant changes
to current military planning concepts. The idea of revamping the
military sealift fleet to make it more compatible with commercial
assets, especially OGTBs, is just the opposite of the traditional
strategy of using National Defense Features to make commercial
vessels into military vessels. But such a change of thinking is
required since the majority of the ships being built with the
U.S. flag for foreign commerce are just not readily capable of
serving as military auxiliaries due to their deep drafts and
non-selfsustaining designs. Practically the only new vessesls
capable of operating in an austere military environment are the
growing number of OGTBs, especially those with shiplike
capability. As seen in this report, these OGTBs can provide the
necessary sealift capacity at low cost if they are incorporated
into an overall OGTB sealift strategy.

It should be realized that in the case of POL movements,
OGTBs may offer the only means of providing shallow draft dis-
charge capability in the future. This is either via direct
shiplike port-to-port operation or via a drop-and-swap shuttle
discharge of a supertanker. (The latter method should be more
efficient since it uses the tug for transport and the barges for
storage/transport.)

0-3
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Given all their military potential, OGTBs certainly deserve
a hard look before they are dismissed as an interesting but
infeasible concept. Unless some other less expensive alternative
can be found to provide equivalent sealift capabilities, the OGTB
strategy presented here should be investigated further with
vigor.

Report Organization

The text of the report is organized so that the reader is
led from a point where no knowledge of Ocean-Going Tug-Barge
systems is assumed to a point where the concept of an overall
OGTB fleet strategy is established as a reasonable and logical
method of providing contingency and mobilization sealift
capacity. This is done through the use of five chapters that (I)
introduc'- the OGTB concept and related technology, (2) discuss
the commercial economics involved in their operation, (3) estab-
lish their usefulness in military operations, and (4) suggest
what National Defense Features that should be included on OGTBs
constructed with subsidies. Chapter 5 suggests how a peacetime
military fleet of OGTBs utilizing the commercial advantages of
OGTBs discussed in (2) can be expanded by use of
commercial/reserve OGTB assets during contingency/mobilization
operations so that the military advantages discussed in (3) can
be achieved most expeditiously.

Chapter Summaries

In the first chapter the reader is introduced to OGTBs
through a quick review of their availability and their military
and commercial capabilities, as well as a review of all previous
military research on OGTB systems. This is followed by a brief
historical/economical summary of the development of various OGTB
systems that are described in detail at the end of the chapter.

In the second chapter a detailed review of commercial OGTB
economics is provided to compare the various types of OGTBs with
each other and with ships. In addition, two diffe-ent modes of
operation are considered: the shiplike integral mode where the
tug and barge remain continually together, and the drop-and-swap
mode where the tug drops off a barge at a port and swaps it for
one that has completed cargo operations. The comparison of the
two modes is made with the use of an economic computer model that
is described in detail in the appendices. Using the outputs of
the model in conjunction with general economic principles, a pre-
diction of the future of commercial OGTB operations is given in
view of the probable regulatory environment.
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In the third chapter the commercial economics of the previ-
ous chapter are evaluated against possible military peacetime,
contingency, and mobilization cargo operations. It is determined
that most military cargo transport operations via low throughput,
shallow draft ports are especially suited to the OGTB
drop-and-swap operation. In addition, it is demonstrated that
OGTBs are very appropriate for shuttle/lightering and intra-a-ea
type operations. Then, the benefits of using OGTBs for MSC's
other two missions, Naval Fleet Auxiliary and scientific support
operations, are discussed. It is shown how Naval Fleet Auxiliary
operations can use OGTBs as combination storage/transport
facilities that eliminate the need for shoreside advanced bases,
and how short term scientific support operations could use OGTBs
to eliminate the costly inactivation of propulsion machinery.

At this point it has been determined that during peacetime
OGTBs co'ld be successfully used in all military sealift missions
and during contingency and mobilization operation commercial
OGTBs could provide substantial sealift capability. The fourth
chapter then considers how these commercial assets could be made
compatible with peacetime military assets with the use of Nation-
al Defense Features. Following this, it is demonstrated that
standardization of linkage design is desirable; however, since so
few OGTBs are required to be built with National Defense Features
some other means of incentive will have to be developed to ensure
the desired flexibility.

In the last chapter it is shown how the transition from
peacetime to wartime operation can be most expeditiously accom-
plished by augmenting a peacetime OGTB fleet with
commercial/reserve OGTB assets. Several strategies are consid-
ered on how to obtain sufficient OGTB assets of compatible design
for the peacetime to wartime expansion. These strategies include
shifting tugs from low priority scientific support operations to
cargo transport/Naval Fleet Auxiliary missions, use of Navy ac-
tive and reserve tugs, use of NDRF barges, and use of commercial
tug and barge fleet assets. Finally, it is demonstrated how any
combination of these strategies may provide sufficient OGTB
components until newly constructed mobilization components are
delivered.
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CHAPTER 1

INTRODUCTION

The purpose of this report is to review the military
potentia' of ocean-going tug-barges (OGTBs) for peacetime and
wartime operations. Although it may be thought that OGTBs are a
known technology and that they have been discussed sufficiently
elsewhere, this is not the case. Recent advances in push-towed
OGTB technology which make these vessels much more useful for
military purposes have been barely considered by military
planners. Thus, this report will highlight the new OGTB
technology and suggest how OGTBs may be utilized for various
military operations.

This objective will be accomplished by first reviewing OGTB
linkage development and technology in this chapter. The next
chapter will consider how OGTBs equipped with these linkages have
been beneficial to commercial operators. This will be followed
by a chapter on how these same OGTBs could be of use to military
operators. Additionally, OGTBs of special military configuration
will be considered. Then, in the fourth chapter a listing of
National Defense Features that could be added to commercial OGTBs
to make them more useful for military operations will be
provided. Finally, in the last chapter several strategies on how
to obtain a fleet of OGTBs for military use in peacetime and
wartime will be developed.

1.1 The Rationale for a.Report on Ocean-Going Tug-Barges (OGTBs)

Ocean-going tug-barge systems (OGTBs) are not the most
elegant or exciting of vessels. They are not among the fastest,
largest, or most sophisticated of ocean-going vehicles. But with
the recent developments in push-tow linkages, they have become
one of the most versatile. This versatility makes these OGTBs of
special military interest at this time and provides the
motivation for the report.
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It is the purpose of this sention to first show the impact
o' the new linkage techrology or OGTB operations. This will be
followed by a discussion on how such new OGTB systems an. much
more versatile than ships for many military operations. After
this, a review of previous military and government studies on
OGTBs will be given to show that this report will provide new
useful material for military planners.

1.1.1 Recent Advances in OGTB Technology

Usually when a military planner thinks of an ocean-going
tug-barge system, he thinks of the types of tugs and barges that
were used in Viet Nam or are used today in Arctic and Caribbean
resupply missions. These OGTBs consist of shallow draft deck
barges of less than 400 feet in length towed on a wire by a tug
of few thousand horsepower. These OGTBs are primarily used for
the trans-ocean transport of outsized cargoes such as construc-
tion equipments and for the movement of materibl through shallow
draft waterways. The shallow draft and fl'at bottoms of these
barges make them capable of beaching and of rapid discharge at
unimproved port facilities.

These types of OGTBs are not usually considered for long
distance carriage of general cargo or materibl because of their
small size (usually less than 5000 GRT) and slow speed (usually
less than eight knots). However, due to the recent advances in
push-tow linkage technology discussed in Section 1.3, OGTBs can
no longer be considered only for such specialized applications.
They are now capable of carrying large cargoes (more than 55,000
long tons) of various types (Petroleum, Oil and Lubricants (POL);
Dry-Bulk; Wheeled; and Containerized) at moderate speeds (at
least sixteen knots) on either transoceanic or coastal trades.
Such a transition from the small deck barges shown in Figure 1.1
to ship like ocean/coastal capable pushed-towed OGTBs shown in

. Figure 1.2 in just a decade is certainly remarkable and how it
occurred is explained in Section 1.2. In any case, the OGTBs of
today not only are just as capable as ships of equivalent size
and speed but they also have the added versatility inherent in
separable propulsion and cargo units. The advantages of such
versatility are discussed in the next subsection.

1.1.2 Military Advantages of OGTBs over Ships

Many modern OGTBs have linkages that give them the same ca-
pability as ships of the same size and speed in either
trans-ocean or coastal operations. It is this linkage that also
gives them the added flexibility that is the result of separate
propulsion and cargo components. Such versatility results in
three significant advantages over ships. They are in (1) opera-
tional flexibility, (2) peacetime availability, and (3) wartime
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Figure 1.2

Typical Modern Larqje Push-Tow iCXIB

Source: Tug Barge Systems, Inc.
Company Brochure
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Figure 1.2 ... Continued

Source: Seabulk Corporation
Company Brochure
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availability. Each of these advantages is considered separately
below.

Operational Flexibility

The primary advantage of propusion and cargo urit
separability is the ability of OGTBs to operate in a
drop-and-swap mode. In this method of operation the tugboat
drops off the barge at a port to be unloaded and then proceeds
independently or with an empty/loaded barge to another port or
operatirg area. This allows the costly tug ard its crew to be
utilized more efficiently since they will be spending more time
transporting cargo rather than awaiting cargo operations. On the
other hand, in mary commercial operations this also results in
lower barge utilization since it has to await the return of a tug
before it can be moved. As shown in Section 2.2, this lower
barge productivity may make drop-and-swap operation uneconomical
in commercial trades where port times are short compared to sea
times and/or where only a few large OGTBs or ships can handle the
cargo movement requirements. However, many military operations
have very long port calls at the discharge port. This is due to
the queues that form at the beginning of an operation when a
great amount of materitl arrives at the same time at a port un-
able to sustain a substantial increase in cargo throughput.
Also, many military operations require discharge at shallow,
undeveloped ports. This results in many small units being used
which car orly be discharged rather slowly via primitive cargo
handling equipments, i.e., rough terrain forklifts. Thus,
drop-and-swap operation would seem to be particularly appropriate
for the initial stages of military cargo operations where it
could improve propulsion unit utilization substantially. Further
consideration of this hypothesis will be given in Chapter 3.

There is another considerable advantage that results from
drop-and-swap operation in military mobilization actions. The
barge that remains in port may be used as a seaside storage
facility. That is, the barge does not have to be discharged im-
mediately since no crew or propulsion unit is being tied up with
it. Instead, the cargo can remain onboard until required so that
the barge is used as a warehouse. In this manner, it able to re-
place a shoreside storage facility, saving the cost of
constructing such a facility. This floating warehouse may have
other advantages, especially for the storage of POL. For
example, the barges may be moved offshore to various locations,
making it less vulnerable to hostile actions and making it less
dangerous in case of explosion/damage. Also, it should be
mentioned that since the barge does not require rapid discharge,
cargo may be handled at a sl6wer rate using less sophisticated
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and less expensive po-t equi-, ?ert. The barge car ever be beached
in locatiors that would danag , ships and discharged via a simple
pass-pass system using forklifts or barge mounted cranes.

There are also several safety advantages that result from
drop-and-swap operation. One is that the tug crew may leave a
warzone, immediately after delivery of its cargo barge since it
does not have to await the barge's discharge. Not orly does this
lessen the danger to the tug crews, it reduces the governmert's
cost of operations since the tug crews will not be collecting war
bonuses nor the insurance companies wa-risk premiums for as long
a period of time. Also, in case of enemy action, only the compo-
nent that is damaged need be lost. The other component can be
used as the crew lifeboat and later used with a replacement tug
or barge.

Although the above discussion has been only with respect to
military cargo movements, OGTBs operating in the drop-and-swap
mode have many other potential military applications, particulary
as Naval Fleet Auxiliaries. As discussed in Hawkins (1971) and
Tomassoni (1974), vessels such as tenders, military hospitals,
etc., which spend most of their time in port are amenable to be
dropped off by a propulsion unit and picked up later when an oc-
casional move is required. Also, as discussed in U.S. Navy
(1977), drop-and-swap operation may be a very economical method
of providing fleet support in the absence of a nearby advanced
base for consolidating commercially carried cargoes. More men-
tion of these studies will be made in the next subsection.

Peacetime Availability

Ocean-going tugs and barges make up a major component of
our U.S. flag fleet. To show how important they really are, con-
sider the following statistics:

In calendar year 1977, 3'% of all U.S. waterborne commerce
(including foreign flag traffic) and 66% of all U.S. domestic
waterborne commerce was carried by harge. Additionally, 26%
of all coastal domestic commerce was in OGTBs. Table 1.1
provides a breakdown of the types of cargo moved by barge.
(Source: Department of the Army Corps of Engineers,
Waterborne Commerce of the United States--Calendar Year 1977,
art 5, Natioal Summaries)

As of today the U.S. flag ocean capable barge fleet consists
of approximately 184 dry cargo barges of greater thar 5,000
GRT capacity and 90 tank barges of greater tha 50,000 Bbl.
capacity. This is out of a total of approximately 5000 dry
cargo barges and 600 tank barges operating on coastal trades.
(Sources: Appendix A for large dry cargo barges, Appendix B
for large tank barges, and The American Waterways Operators,

1-8



Table 1. 1

DOMESTIC BARGE PAFFIC* COS-OOITv By TYPE Or TRAFFIC

CALENDAR 'L-. 1977
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1 S AR E TRAF IC PE CE T [ O

I I I%10 TOTAL I DCES IC
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T
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510A9RM0 PRODUCTS0311 I
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013 . -- -. - --------------------------- 344.438f -- --------- 23.150.2C4 05.1711 ..........- 23.579.803 99 9 23.595.328.104 3 IS ------------------------------- 25,1001 .. .. ...----- I-.. . .. .. . .. . .130:9----- 99 5 164.760
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7
36 80.0 11.779.129

B111 S;MVAS -------------------------- 19.122- ...........-- 1.44a.051 212.,96- ..........- 11.680.159 99.0 11.703.424

0112 ',Lkt------------------------------------------------ -------- --------- I 291
01:9 2,.,9,. , ..-------------------- --------2.0-- -- --- 46 .,15 2.,600------------- --- 151.91; . 1 163,196
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0841 CRJE 9USR ALLIED GUMS ------- ----------- ----------- .. 12.063 ----------- ---------- .... 12.063 79.7 15.143
0861 °OOES P9 0:, . --C- - - - - - -8 597 2,900 3--------- 3.479 2.5 138.924

RESH FISHA , OTHER MARINE P90UCTS
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a013 ME%9". ---------------------- ----------- 1.276 --------------------------- 1.276 .2 762,015
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6
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201 ALC I aIC 4 -R ...---- -- 47.164- ........... -11.5601 .......... 3-2801 87.925 11.6 51..49
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Table 1.1 .... Continued

DOMESTIC RARGE TRAFFIC*1 COmmOOIT By TYPE Of ?RAFfIC*-CO4TIRUkD

CALENDAR YEAR 1977

TIN IONS Or 2.000 POUDS1

IARGE TRAFFIC PERCENT

COMMODITY 0N8A. 00 TOTAL C'ES 1:

COASTWISE LAKFAISE INTERNAL LOCAL TEAR7h11 TOTAL D"E
5 T

IC I T6;A !:

TOSACCO PRODUCTS

2111 TOBACCO MANUFACTUES .............- 1.565 ----------- 1.394 ........... 2.959 11.0 26.870

BASIC TEXTILES

2211 BASIC TEXTILE PR02UCTS ------------- 875 ----------- 19.897 ........... 12 20.954 27.0 77.741
2212 TEXTILE fletS. N.- 195 --------- 4.4190 ----------- 6,029 1.o14 77.5 15,507

APPAREL A OTER FINISHED TEXTILE
PRODUCTS. INCLUDING KIll

2311 APPAREL ----------------------------- 13.922.---------------------- ----------- 124 14.046 16.5 64.911

LUMBER S WOOD PRODS.,EXC. FURNITURE

2411 LOSS ------------------------------- $62 17,779 611.022 24.714 ----------- 654.077 99.4 658.297
2412 RAFTED LOGS ------------------------.---------. ;.-.--.........16.i;2. ::
2413 FUEL WOO. CHARCOAL. .ASTS.. 72 ----------------542.096 2 --- - 542.194 98.0 5:.
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fURNITURE A FIXTURES
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- PULP. PAPER A ALLIED PRODUCTS
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CHEMICALS 6 ALLIED PRODUCTS

2810 SODIUM HYDROXIDE ------------------- 702.074 ----------- 3.702.605 278.629 ---------- 4.684.108 97.2 5.372,2.4
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2621 PLASTIC MAT-O.ALS ------------------ 7.564 ----------- 72.786 1378 45 81.753 22 4:.
2822 STRTHkTIC a ----------------------- -9 -- 1.502- ------- ---------- -128.59i 69 t
2823 S41THETIC I A N-MAO) FIDE S-....... 30 --- ------------------------ 166 196 9.9 I.;!92831 DJGS ----- -------------------------- 1.59 ----------- ---- ------- ------ - -- 1,761 55I 21::04: 02A ........ .5 321
2141 SOAP -------------------------------- 12.56 -----------.---------------------- 1.809 14,378 6.7 I 2: 09
2851 PAINTS ----------------------------- 1,96 --------. 10 ----------- 3.3701 5.349 10.3 52.:4
2861 GUR 6%D OO0 .- ICALS ------- 2---- ----------- 326.546 16,t57 ---------- 343.205 97.' 3;-:41
2871 NITROGENOUS -HER E1TILIZES ----------- 31.060 ----------- 2.936.017 76,160 ---------- -- 3.327.237 97.4 3.117::
2872 POTASSIC CE" FtRTIIZES . .----------- 137.601 ----------- 333.612- ...........---.......... --- 471.213 90.8 58.E0S
2873 PHOSPHATIC C - ArrILIZER$ ........ -77.575 ------------- - 537,67- ----................ 615.232 99,9 415,342

2876 INSECTICIDES. 3ISI'.ECTANTS -------- 124 ----------- - 1.920 ---------------------- 2,044 7.4 7.!f42
297' rERTILIOE R P0 RATEIALS. NRC A19.3261-.......... 62"093 6,332 ---------- -- 3,223.751 99.7 3.2!2.eIf
2891 MISCELLANEOUS CuElCAL PROD --------- 59.991- -........... 475.248 2,979 21' 538.432 60.2 813.829

PETROLEUM 6 COAL PRODUCTS

2911 GASOLNE .---------------------------- 6,920,415 462.693 30.962.758 S.620,005 149.407 54.135.328 57.1 94.8@0.C6'
2912 JET FUEL ---------------------------- 712-.252 ----------- 4.71.,177 1.557,941 ......... - 6.341,400 50.1 12. ,680.3c
2913 REMOSENE---------------------310.621 27,229 1.365.675 738,2031 1..325 3,428.053 .4.5 I 5.453.1
2914 DISTILLATE FUEL OIL-.............. . 706,64 730.599 25:880661 12,931.32 0 511,80 49:767.164 55.!4 9.8,4.53

2911 RSOU16 FUEL OIL ------------------ 1 20.4 .317 1.425,151 48.840.2751 27,7829:56 0,807.071 9.320.410 67.4 133.;1.;;7
2916 LU34ICATIG OILS A40 GREASES ------- 205.369 1,40 2.472.242 192.7351 ag9 2.675:58 6 9.7 S.71.A37
2917 NAP4T"A. PETROLE4 SOCLVETS --------- 206,763 1.590 2.657.981 290.30, 321,259 3.469.705 09,3 5,854 .71
2916 ASPHALT. TAR, .1,1 PIT.S ----------- 1,685,796 0:026 4.105.40 315.e20 1.876 6,269.608 08.3 66,3

5
5

2920 CORE. PEO9CLEU C6E . --------------- 768 ........... 2.327.607 251,773 .......... - - - - 587.110 93.8 2.78. 794
2921 L12VEFIED CASES--------------------- 207,A09 7 995.794 81,768 .......... 1.285.196 99.6 1 1.29. e3
2951 ASPAL? BUILCING MATERTAL --------- 9.610 ----------- 1.172- ........... 6.......... 13,4 7.3:

2991 PETROLEUM A43 COAL PROD, NEC -- 50,430 11.445 67S.622 1.561,443 4,68 2,383. 6 66 2,6616 i

RUBBER a RISC. PLASTIC PRODUCTS

311 RUBBER AN0 MISC PLASTIC PROD ---- - 19.677 ----------- - 13,487 ----------- 6,132 39.296 29.0 135.668

LE6TREA 6 LEATHER PRODUCTS

.2111 LI8THIN AN LEATHER PRODUCTS . ------- -40 ........... ,129 -.- .... .......... 1- .31 9.1 16,993

$TON. CLAT. 16 GASS, CONCRETE PRO0.

2211 GLASS A040 GLASS PRODUCTS ------------ 9.63 ----------- 31.011 ........... "- 1 36.425 35.0 308.019

3241 BUILDING CENT .................. 1---.9.981 204,974 4.1680,610 63,857 89 6,969,219 62.6 92.6.96

7 *ON.SI.V PROPELLED VESSELS.
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Table 1.1.. .Continued

0. .O CEI;R. C o
v 

i UN

WC"ESTIC 1A851 T.rrlC.: CsODITY 8 TYPE Or TRAFlC--CONTINtUD

CA*.fDAR YEAR 1977

IIN TOS5 of 2.000 PCUNDSI

B ARGE TRAFFIC PERCENT
SBARGE TOTAL

COM3DITY 8 T C 
T 8

*. TO TITaL DOMESYIC
} COAS'.ISE LAKEWISE INTERNAL LOCAL TERRITORY TO

T
AL DOMESTIC TRFFC

STOE. 1.0 1941.& ,ZE7 RD

3251 STQ.CTVRA6 CLAY P C'S ..... . ----------- 30A ........... 29.45 .----------- 413 32.262 39.4 81:869
3271 k- .............................------- 520------ --------- -71.77--.... - ............. 872.270 99.2 879,360
3261 Cu S

T
'?%E AN: STOF P4A2U:TS -- 62------------------------------82 2.3 3.573

3291 4IsC NONMETALLIC ,IEA8L PROD ------ 65.891 ----------- 594.153 226 5,151 665.453 73.1 909.859

PRIMARY %Evx PR'ODUC
T
S

3311 IG tO .-------------------------------------- ----------- . . . .101.482 --------------------- 101.482 53.6 189,158
3312 SL. ------------------------------- - 5.385 ----------- - 428.020 271.613 ---------- 705,018 55.7 1.266397
3314 192.. ASO S'EvL P4!4APT iORl'S 11.172; 2,505 503,725 ------ 81 516.44,I 91.8 5b8.022
3315 t 3%S ATEEL 5S-. EA S.-1T ......-- 913-.......... 060.274 11,7C1 2.487 1.125,364 95.3 1.180,06
3316 197 £93 StEEL PL & ES. S1011S ...... 13,8691 45,345 2.747.382 U,7 32 2.815.345 97.3 2.82.710
3317 14IN £93 S'l._ R:u !P'N 7u.P E---- 27.11', ---- 1.123.104 25.121---------1,175.939 81'a 1.437,341
331: fEa.O-LLCY ----------------------------------- - 60 7e.194 -----------.. . 763.79' 99.9 794.499
3319 I9:. ', S'FOL PK::CTS. NEC ------- 1.932 ------------ 160.18 --------------------- 162112 85.0 190,757
3321 NA S METS .. .------------------ 2-- 252 ------------- 13.323 --------------------- 13.575 12.8 105.963
3322 C E4 ALLOYS. --..------ 12,952 ....----------- 70,275 121,312 ---------- 204.539 96.0 212.95
3323 .E18 AND ZIN. %.;E ------------- - 2 ----------- - 109.754 13,478 ---------- 123.314 93.5 131,6S.5
3324 ALUMINUM AND ALLOYS. UN.O8EO. ..... 8,396 ----------- - 82.70 ----------- 37 91.003 47.2 192.811

FABRICATED METAL PSOuCTS, EXCEPT
O008AM4C8, E 6C411NER .4 TRASS, LQUIP,

3411 FA341CATED HETAL PRODUCT ----------- 492,573 3,512 502.413 2.346 4,672 1.003,716 77.9 1,287,828

4AC41NERY, EXCEPT EECTAICAL

3911 MACH NERY. EXCEPT ELECTRICAL ------- 70.737 ----------- 251.442 14,602 2,112 338,893 17.8 499.868

ELECTRICAL TAC.INERT,

EQUIPMENT I S)PPLIES

3611 ELECTRICAL ACH N EQUIP ----------- - 23.307 ----------- 112.498 248 3,448 139.501 46.6 299,376

TRANSPORTATIO EQ UIPMENT

3711 40T:R vEICES, P8R'S, EQUIP ------- 114.696 ----------- 24.815 1,235 8,205 148.951 30.9 402.525
37e.. AIRCRAFT A PARTS --------------- 926 ----------- 285 23 ---------- 1,134 91.5 1.240
371 S4 S AND BOA. 4--------------------- 12.43 --------------- 1 1,070 33 51,013 40.7 125,477
3?91 41SC TRANSPO41hTIO-i E3UIPMET ------ 71.514 ----------- 3.871 ----------- 36 75"421 91.5 82.435

INSTRUMENTS, PAOfOG9APWIC A OP
T
ICAL

GOODS. WATCHES A CLOCK$

3811 INSTR, TIME. PHOTO. OPT G09 5 ------ 1,728 ---------------------- ----------- 32 1,810 10.3 17.554

4ISC, PRODUCTS OF MA14rACTURINGI

3911 4ZSC MANUFACTOED PRDUCTS ---------- 4.350 ----------- 158.341 2,905 175 165,771 8.2 2,13.195

WASE A SRAP MATERIALS

4011 IRON AND STEEL SCAP ---------------- - 110,652 78,297 1,213.525 466.727 2,124 1.871,325 94.5 1.979.221
4012 40FE8"US METAL S'98 ----------- 554 ----------- 27,939 --------------------- 28,493 50.2 56,719
4022 TEXTILE W.S:E, SCRAP. SIEEP -------- 12 ------------------------------------------- 12 .1 11.497
4024 PAPER ,STE AND S-RAP ------------- W0 .....----- 2.714 ----------- 17 2.751 7.3 37,889
4029 6ATe 60 SCRAP. NEC -------------- 1.400 ---------- 5,768,863 3.416,459 196,597 9.383,319 76.6 12,255,099

SPECIAL I0ES

4111 WATER -------------------------------- 616 ------------ 1,211,171 120,016 :5,217 1.357,020 38.8 3,499,691
4112 COMOO ES NEC . ..--------------------- 439,2;3 315 352,036 43.021 32,603 867,27 31.2 2.781.120

TOTAL ------------------------------ 64.606.05 '.36,%,196 494.142.113 73,705,80 3,342,966 640-163,135 65.8 972.966,806

TOTAL OOMESTIC TRAFFIC --------------74.,083.336 139079,945 528.704.658 83,444,472 3.654,395 972,966,006 --------------------

PERCENT 66 GE TO TOT L DOMESTIC ..---- 26.U 4.0 93.5 88.S 91,s 65.8 .........

OXON-SELF PROPELLEO VSSELS.

Source: Waterborne Commerce of United States, Calendar Year 1977
Pact 5 - National Summaries; Lower Mississippi Valley Division
U.S. Army Corps of Engineers, Vicksburg, Mississippi
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Inc., 1975 Inlard Waterborr.e Commerce Statistics for the total
number of coastal barges)

As of today there are 364 U.S. flag ocean-capable tugboats of
greater than 3000 horsepower certified for ocean towing ser-
vice out of approximately 1600 tugboats of greater than 3000
horsepower operated in coastal waters. Additionally there at
least 142 tugboats of greater than 3000 horsepower not
certified for ocean tow service that could become ocean tow
capable with little modification. (Source: Appendix C for the
number of high horsepower tugs, certified or non-certified
for ocean tow service; 1975 Inland Waterborre
Commerce Statistics for the total number of tugs)

Of the 36 U.S. flag tankships of less than 25,000 DWT, none
are less than 25 years of age. Of the 134 U.S. flag tankships
between 25,000 and 50,000 DWT, only 16 are less than 10 years
old, 27 less than 15 years old, and 52 less than 20 years old.
Of the tank barges between 50,000 Bbl and 25,000 DWT only none
is greater than 25 years of age and seventeen more than 10
years old. Of all the tank barges between 25,000 and 55,000
DWT, only one is more than 10 years of age. Additiorally,
most of these tank barges have some type of push-tow linkage
that allows speeds of greater than 12-15 knots to be achieved
when they are pushed by a high horsepower tug. (Sources: MSC
P504, Military Sealift Command Ship Register, April 1979, for
the tankship data; Appendix B for the tank barge data)

Of the I1 tankships built under U.S. flag in the last five
years, only 13 have been of less than 50,000 DWT and none have
been smaller than 35,000 DWT. Of the 27 tankships built be-
tween 1970 and 1974, only 3 were less than 50,000 DWT, two of
40 ,0 0 0 DWT and one of 27,000 DWT. In comparison, all of the
tank barges built have been less than 55,000 DWT and of the 69
of greater than 50,000 Bbl capacity built since 1970, 55 have

been less than 25,000 DWT (175,000 Bbl). (Sources: Same as
the previous statistic)

As of today only four of the nine tank ships currently under
construction ir U.S. yards are less than 150,000 DWT. In
comparison, there are five CATUG OGTBs being built of less
than 50,000 DWT. Additionally, four deep notched tank barges
between 20,000 and 55,000 DWT are under construction.
(Source: U.S. Department of Commerce, Maritime
Administration, U.S. Merchant Marine data sheet of April 1,
19'9, for tank ship and CATUG construction; industrial sources
for other tank barge construction)

As of today there are four roll-off/roll-on (RO/RO) ships be-
ing built in U.S. yards. In comparison there are two ARTUBAR
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linked and two pull-towed OGTBs of significant size being
built at this time. (Sources: Same as the previous stat.istic)

Some of the last statistics should point out a very important
trend. More and more of the coastal liquid bulk traffic is being
carried in barges. Today, only barges are being built to move
liquid cargoes of less than 25,000 DWT and more barges than
tankships are being built to move cargoes between 25,000 and
50,000 DWT. Therefore, it is apparent that the lack of new handy
sized tankers has been caused by OGTBs being built in their
place. Fortunately, mary of these OGTBs, especially those of the
mechanically-linked variety, have the same commercial
capabilities as ships they replace. Others of the loose-linked
push-tow type have at least ship-type capabilities or coastal
trades. Thus, these tank OGTBs should be seriously considered by
military planners for use in military contingencies as handy
sized tankers.

The availability of OGTBs to milita-y'shipping operators is
about the same as for ships of the same size. Some, such as the
RO/RO barges are committed to common carrier trades between the
continental United States and Caribbean, Alaskan, or Hawaiian
ports. Removal of these assets from commercial trade for mili-
tary operations could cause some severe disruptions in the flows
of commerce to those areas if there were insufficient surplus ca-
pacity in those trades. Deck barges, on the other hand, are nor-
mally in the spot market and could be obtained without difficulty
for military actions. The tank barges are in an intermediate
position. Some, especially the chemical barges, are often compa-
ny owned and have been built for dedicated coastal service. Al-
though their removal from service could be compensated by
increased truck and rail movements, transportation costs would
increase dramatically for these companies. On the other hard

* 'most of the medium sized and some of the lance POL barges are in
.the spot and short term charter markets. Thus, they could be
obtained rather easily for military operations. The amount of
this tonnage available has never been compiled (1) so it is
recommended that a continuous market survey should be initiated
to monitor this very important military asset. The impact of the
removal of a large amount of this POL tank barge tonnage could be
partially compensated by truck and rail movements. But it would
be certain that POL distribution would be disrupted seriously
since the other modes would rot be able to handle the increased
transport requirements. A study is warranted to estimate the
magnitude of the impact of such a disruption.

(1) MTRB (1979) indicates that tank and deck barge supply exceeds
current demands but this study does not provide a detailed
supply/demand breakdown.
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Wartime Availability

In case of a full scale mobilization, it is certain that
OGTBs can and will play an important part. Currently, the Office
of Ship Construction of the Maritime Administration is developing
mobilization designs for ocean-going tug-barges and this is
discussed in detail in Annex A and in Maritime Administration
(1979b). In order to point out how much mobilization potential
OGTBs have, consider the following statistics:

In 1978 there were at least 45 yards delivering more than 230
tugboats and other vessels of more than 100 feet in length.
Most of these yards could construct medium and large sized
ocean-going tug components of OGTBs. (Source: The Workboat,
December 1978)

As of November 1979 there were several yards that could con-
struct mobilization barges but would be too small to build mo-
bilization ships. Specifically, there are U7. building
locations capable of building a 600'x90' RO/RO barge, !U more
than are capable of building RO/RO mobilization ships. Total
construction capability for RO/RO mobilization barges is 70
barges simultaneously, with mutiple utilization of large
building basins. There are also a total of 63 ways or basins
capable of building the 540'x75' general purpose mobilization
cargo barge, 30 more than are capable of building the Jumbo
general purpose mobilization ship. Total simultaneous con-
struction capability is 87 barges. (Source: Maritime Admin-
istration (1979b))

There are a considerable number of yards too small to build
the large mobilization barges but are capable of constructing
smaller general purpose cargo barges of about 300 feet in
length and 75 feet in breadth. The Maritime Adminsitratior

has identified U.S. yard capability to build 121 of these
shorter barges simultaneously. (Source: Maritime Administra-
tion (1979b))

There are at least 506 ocean-going tugs and service craft of
greater than 3000 horsepower, 74 of greater than 5000
horsepower, and 38 greater, tharn 7000 horsepower. These power
units could be used to push deep notched barges at rather
respectible speeds if the barges are equipped with shipshape
bows. For example, as seen in Table 1.2 only 6000 and 8500
horsepower were required to propel a 10,7000 DWT Victory ship
at 15.5 and 16.5 knots respectively; 1400 HP were required to
propel a 3925 DWT T-1 tanker at 10.0 knots; 6000 HP were
required to propel a 16628 DWT T-2 tanker at 1'.5 knots and
18,600 HP to propel a 26575 DWT T-5 tanker at 18 knots. Such
speeds should be achieved by OGTBs of the same horsepower and
deadweight if the barge were provided with a shipshape form
and if the linkage drag were not too severe. (Source: Appen-
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dix C for numbers of tugs of greater than the speified
horsepower)

As estimated by the Shipbuilder's Council, about half of the
$8.1-13.6 billion expected to spent annually or merchant ship
corstructior from January 1979 to December 1983 will be spert
or. the building of small and non-propelled vessels (including
barges).

From the above statistics it is apparent that tug and barge
construction make up a large part of our shipyard/boatyard
capabilities in peacetime. In the time of a general mobilization
these same yards could provide substantial shipping capacity in
the form of OGTBs. This could be done by the construction of new
tugs and barges or by the conversion of existing tugs and barges
into more militarily useful vessels. As an example of the latter
possibility, many of the high horsepower offshore oil industry
tugs that are currently in exploration service could be
retrofitted with a push-tow linkage. These tugs could be mated
with pull-towed barges that have been retrofitted with a matching
linkage. With its new push-tow linkage, the barge's speed and
transport capacity could be doubled from its hawser towed value.
Also, many of the deep notched coastal OGTBs could be quickly
converted to ocean service by the installation of an improved
linkage such as the ARTUBAR discussed in Section 1.3. Such
retrofitting of tugs has a very important advantage. It frees
new propulsion machinery units, which will certainly be in short
supply during a mobilization, for installation in Naval and large
mobilization ships.

1.1.3 Previous Military and Goverment Studies or OGTBs

Considering the operational flexibility and the peacetime
and wartime availability of OGTBs it would have been expected
that much would have already been written on their military
usefulness. Unfortunately, this has not been the case. Only
three defense related studies have been completed so far, two
sponsored by the Navy and the other by the Maritime Transporta-
tion Research Board (MTRB).

The first Navy study, U.S. Navy (1977), considered how
OGTBs could be used as economic replacements of oilers (AO's) and
ammunition ships (AE's) as shuttle ships in fleet support
operations, particularly in the absence of advanced bases. An
abstract of this report is provided in Annex B.

The other Navy study, Hawkins (1973), and its follow on
report, Tomassoni (1974), discussed how OGTBs could be used as
replacements for Naval Fleet Auxiliaries such as tenders and hos-
pital ships that rarely move during peacetime or wartime. These
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reports have recently generated congressional i.nterest in OGTBs
as destroyer and submarine tender replacements and there are
currently two new studies being conducted (Keerar (1979)) to make
an updated evaluation of whether OGTBs would be suitable for
these ship missions. Abstracts of the two earlier reports are
included in Annex B.

The MTRB study, MTRB (1979), briefly discusssed the OGTB
industry as part of an overall review of the defense utility of
commercial vessels and craft. The report concentrated on
pull-towed systems and made little mention of the new push-towed
systems. An abstract of this report is provided in Annex B.

Probably the main reason why so little previous work has
beer done on OGTBs, particulary of the push-towed variety, is be-
cause they have had such a low profile since their inception.
Even the Maritime Administration had pretty well neglected them
since th. early seventies when they had conducted some conceptual
and preliminary economic studies on their potential. (2) (See
Table 1.3 for a listing of MARAD sponsored studies on OGTBs.)
The primary reason for OGTB's low visibility is because they had
been until recently used exclusively in domestic commerce. This
had made them ineligible for subsidies and the close scrutiny
involved in the subsidy process. Also, lack of subsidy made them
ineligible for National Defense Features, keeping them out of the
military review process. Additionally, most OGTBs are operated
by privately owned companies which have tended not to publicize
their new technology to increase their competitive advantage.
And since these OGTB operators have not had until recently any
major lobbying organization such as the American Institute of
Merchant Shipping to promote their legislative interest, they
have tended to remain out of public sight. In actuality, OGTB
operators have done their best to shy away from government assis-
tance in order to avoid possible government regulation.

All of these factors have kept OGTBs from government
notice. However, since the Maritime Administration sponsored the
Ocean-Going Tug-Barge Planning Conference in March 1979 and since
more OGTBs are being built with Construction Differential Subsidy
funds, it is expected OGTBs will receive the attention they de-
serve in the future.

(2) The Maritime Administration only began including OGTBs in
their U.S. Merchant Marine data sheet since September 1977. This
is in spite of the fact that OGTBs of greater than 35,000 DWT had
been operating since 1971.
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Table 1. 3

MARITIME ADMINISTRATION INDEX

The reports which are listed below were either

completed by Maritime Administration staff, or under the

direction of the Maritime Administration by outside contractors.

Brown, Donald L., Marriner, John E., and
Mc Farland, Doug

COMPUTER PROGRAM FOR THE ANALYTICAL ASSESSMENT OF

FLEXIBLY CONNECTED BARGE TRAINS

MARAD Report, Ma-RD-940-77088, Volumes 1 & 2, July 1977

Day, William G., Jr.

EXPERIMENTAL RESEARCH RELATIVE TO IMPROVING THE
HYDODYNAMIC PERFORMANCE OF OCEAN-GOING
TUG/BARGE SYSTEMS, PHASE II, EXPERIMENTAL
EVALUATrON OF CONCEPT DESIGNS, PART A,
RESISTANCE AND PROPULSION EXPERIMENTS

David W. Taylor Naval Ship Research and
Development Center, Bethesda, Md.,
Contract M.A-400-2803

Filson, John J.

ADVANCED OCEAN TUG-BARGE SYSTEMS: A PROGRAM
FOR EVALUATING OCEAN GOING, CONNECTED TUG
BARGE FLOTILL S BY LARGE SCALE, OPEN WATER
MODEL TESTING.

National Maritime Research Center, Galveston, 1972

Hautanen, R. W.

ECONOMIC FEASIBILITY REPORT ON SEMI-RIGID
LINKAGES FOR BARGE TRAINS (FLEXOR)

Maritime Administration NMRC-273-31200-R4, April 1975

Hirasaki, M. P.

LITERATURE ON FLEXIBLE CONNECTORS FOR BARGES

National Maritime Research Center, Galveston, 1974

Source: MARAD (1979) 1-19
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Table 1.3.. .Continued

MARITIME ADMINISTRATION INDEX 2.

Hirasaki, 11. P.

PROGRAMS FOR THE DEVELOPMENT OF BARGE TRAIN

LINKAGE SYSTEMS

National Maritime Research Center, Galveston, 1973

Kazusky, Thomas A.

EXPANDED USE OF TUG BARGE TRANSPORTATION

National Maritime Research Center, Kings Point, 1974

Koeningsberg, E., Lathrop, D. S., Glosten, L. R., and
Bringlowe, J. T.

TRANSOCEAN TUG-BARGE SYSTEMS: A CONCEPTUAL STUDY

Maritime Administration, Contract MA-4500 Project
368-110, MT-45-T-Vol: 1-2-3, July 1970

Maritime Administration, Office of Domestic Shipping

AN ANALYSIS OF A POTENTIAL BULK TRADE BETWEEN

TAMPA, FLORIDA AND TOLEDO, OHIO

Division of Domestic Ocean Shipping, April 1977

[see Section II of this Program Notebook for
a detailed case study]

Maritime Administration, Office of Domestic Shipping

COASTWISE CARRIAGE, A COMPARITIVE MODAL ECONOMIC STUDY

Division of Domestic Shipping, July 1976

Pross, T. W.

MARINE TRANSPORT: STATE-OF-THE-ART

Reported completed, 1973

Robinson, James H.

EXPERIMENTAL RESEARCH RELATIVE TO IMPROVING THE
HYDRODYNAMIC PERFORMANCE OF OCEAN-GOING
TUG/BARGE SYSTEMS: VOLUME 4

David W. Taylor "'val Ship Research and Development
Center, Bethesda
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Table 1.3.. .Continued

MARITIME ADMINISTRATION INDEX 3.

Rossignol, Grant A., Ruth, Lawrence C., and
Woo, Everett L.

EXPERIMENTAL EVALUATION OF THE SEAWORTHINESS

CHARACTERISTICS OF THE BARGE TRAIN

MARAD Report, MA-940-70086, November 1975

Waller, David B., and Filson, John J.

ADVANCED OCEAN TUG-BARGE SYSTEMS (A REVIEW
OF THE STATE OF THE ART OF OCEAN BARGE
DESIGN AND OPERATION)

Maritime Administration Report C011-74-10121,
May 1972
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1.2 i i storic/Rcoromic Review of o'rF echrology

Probably the prima-y reason why cornmercial OGTBs have rot
been giver se-ious corside-ation as militarily useful assets in
the past is due to their historical use as low value bulk cargo
coastal carriers with slow, sometimes unsafe, obsolete and/or
surplus equipmerts. However, in the last two decades OGTBs have
developed into ship sized, trans-ocean capable, medium speed
carriers of low and high value cargoes with safe, modern and eco-
romical equipment. How such a rapid metamorphosis occurred will
be explained in the following subsections.

1.2.1 Historical Developmert of OGTBs

In this country tugs and barges first began to appear or
the East Coast during the late nineteenth century. This was the
time when steam ships and the developing railroads began
displacing the slower and less reliable sailing vessels ir the
coastal trades. Rather than scrapping all of these sailing
ships, the enterp-ising shipping operators of the day decided to
take advartage of their sound hulls and the rew steam techrology
by converting the ships into barges and towing as many as fou- to
six of them behind steam tugs. These tug-barge systems were very
successful in low value bulk cargo trades, especially in the car-

riage of coal between Virginia ard New England. Similarly, large
ocean sailirg vessels were occasionally converted into ba-ges and
successfully towed across the Atlantic. However, since such
tug-barge systems depended or obsolete hulls, these trades begar
to fade out as the hulls deteriorated. So, by 1950 tug-ba-ges
became practically extinct or the East Coqst, most coastal trades
being served by WWII surplus Victory ships and T-2 tankers. (3)

However, on the West Coast tug-barge operations began to
really take off at this time. This w'as because the WWII surplus
BCLs, barge converted LSTs, 1200 HP Miki class tugs, and 1500 HP
Navy ATA tugs were readily available at very low cost to car-y
the expanding West Coast and Alaskan bulk trades in cement,
lumber, and other building materials. These tug-barge systems
using converted military equipment continued in operation through
the fifties. (U)

By 1960 the tug-barge operators on the West Coast and the
coastal ship operators on the East Coast had to consider how to
replace their aging WWII surplus equipment. There were several
incentives for these operators to invest in new tug-barge systems

(3) For a more extensive history of East Coast tug-barge
operations, see Hooper (1973).

(4) For a more extensive history of West Coast tug-barge
operations, see Glosten (1965).
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rather than ships, particularly in non-liner trades where speed
was relatively unimportant. The primary jncertive was in the
much lower crewing expenses resulting from tug operation. This
was because ship manning scales, due to aggressive union
pressures and Coast Guard regulations, were more than four times
(5) that of tugs and the average ship crewman's wage was signifi-
cantly more than that of the average tugboat sailor. (6) As this
was a time where fuel costs were low, crewing costs were the ma-
jor operating expense so such savings were significant.

Another important incentive for the operators to choose
tug-barge systems was that they cost much less to construct
compared to ships of equal capacity. This was because the tugs,
if under 300 GRT, were free from expensive governmental inspec-
tion procedures. (7) Also, barges which were designed for slow
speeds could be built with simple inexpensive hull lines. Thus,
in the early sixties several shipping operators built large
barges for bulk trades, especially for oil, cement, and lumber.
Practically all of these tug-barge systems were operated in the
hawser pull-tow mode. But, as described in the next section
push-towing was beginning to be seriously considered as an alter-
native operating method.

1.2.2 Development of Push-Towed OGTBs

The idea of a towboat or tugboat pushing a barge or
integrated group of barges is not a new one. For several

(5) Ocean-going tugs under 200 GRT can under U.S. law be manned
with approximately seven men on voyages of less than 600 miles.
Longer voyages require crews of approximately eleven men. In
comparison, in 1977 U.S. flag tankers had an average crew size of
33 men, with new tankers crewed with approximately 26 men. For
detailed regulations pertaining to tugboat manning, see Annex A
to Chapter 2.

(6) It has often been argued that the ship unions were able to
achieve such high manning and wage scales because the liner ship-
ping operators with vessels in foreign trades could pass their
crewing expenses back to the government who was subsidizing their
operational costs via the MARAD Operating Differential Subsidy
(ODS) program. Unfortunately, the ship operators operating in
domestic trades had to pay for similar union manning and wage
scales, but without the benefit of subsidy due to the cabotage
provisions of the "Jones Act". Tugboat crewmen, who are not
required to be licensed by the Coast Guard and who are often
trained on fishing or inland waterway vessels, have traditionally
not been members of these ship unions so the inflated manning and
wage scales did not pertain to them.

(7) For a list of the rules pertaining to the inspection of
tugboats, see Annex A to Chapter 2.

1-23



decades, the river towboat operators have been taki.g Lcvartage

of the better cor.t'ol and lower drag resistance prov.ded by
push-towing over pull-towing a barge on a hawser.

The reason why push-towing allows the tug captain to have
better control over the barge is obvious. Pulling a large barge
at the end of a long wire provides little control over its direc -

tion except in the calmest seas or unless an active rudder or
high resistarce skegs (8) are installed on the barge hull.
Additionally, maneuvering the barge in congested areas requires
shortering the wire to allow better control. However, this can
lead to a dangerous situation if the tug loses power or is
underpowered so that the tug is run over or dragged off course by
the barge. Due to these factors, hawser towing of barges greater
than 20,000 DWT is usually considered impractical.

The reason why push-towing results in significantly less
drag than pull-towing is because, when a barge is towed, both
hulls develop their own wave making resistance. In push-towing
only ore hull form generates waves. Additionally, in pull-towing
the hawser which forms a caterary in the water develops its own
frictonal resistance, and skegs that are used to prevent the
barge from yawing too severely also can increase the barge f-ic-
tional resistance by more than 30%. (9) This additional drag
usually limits ocean-going barges towed on a hawser to speeds of
6 to 8 knots although average speeds of up to twelve knots have
been achieved by light displacement shipshape RO/RO barges towed
by a 9000 HP tugs. On the other hand, push-towed OGTB systems
have achieved speeds in excess of 15 knots with tugs of less than
.15000 HP and higher speeds could be achieved if desired.

Given these reasons why push-towing is superior to
pull-towing, it would be expected that push-towing on the oceans
would have developed long ago. However, the simple pin and
wire/chain lashings used on the rivers to link the tugs and
-barges together were not capable of withstanding the forces
generated by ocean winds and seas. Nevertheless, the advantages
of push-towing were so compelling that in the fifties tug and
barge operators began experimenting with push-tow operation.

The first push-tow tug-barge design was by George G. Sharp,
Inc., for Cargill Grain Co.'s trade on the Great Lakes and the
New York Barge Canal. This system, the Car-Port/G1, had a

(8) Skegs are fins that are added near the stern of the barge's
underwater hull which by their lateral drag increase the barge's
steerability and stability.

(9) As an example of the resistance penalty paid for pulling, one
operator of a loosely-linked push-towed OGTB claims that the same
system achieves an average speed of 10.8 knots when pushed and
only 8.5 knots when pulled by a 7600 HP tug.
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wedge-notch type 1 ir kag'e which was the prototype for the
Breit/Ingram linkage desigr descry.bed in the next section. This
rather small system (less than 50QO( DWT) ra, into serious ,diffi-
culty with USCG manning authorities which eventually demanded
that the tug be marred the same as a ship since it was not capa-
ble of safe independent operation. This forced the system into
foreign-flag service where the tug-barge unit, and later ar addi-
tioral tug and two barges, operated successfully with standard
tug crews in a drop-and-swap mode for many years. Although rot
successful in U.S. trade, the Car-Port system did prove the fea-
sibility of push-tow operation.

Seeing the advartages and the feasibility of push-tow
operation, the tug and barge operators began to seek some means
of pushing their barges without being levied with ircreased
manning scales similar to those imposed or the Car-Port. So, in
the sixties, they began constructing their new large barges (some
over 10,000 DWT) with stern notches for their tugs to push in.
The notches in these first generation oc*ean-going barges were
rather shallow so that push-tow operation could only be conducted
in the calm waters of river estuaries, bays, harbours, and calm
seas. However, since standard tugs were used for pushing these
barges, no manning penalty was incurred. Later, the tug and
barge operators wanted to increase the percentage of time that
they could push the barges. This would allow them to take advan-
tage of the increased speed as well as the better maneuverability
available with push-towing. Thus, they began deepening the
notches and using sophisticated cable/chain linking and chafing
gear so that push-tow operation of these second generation OGTBs
could be extended to all but severe seas.

The ultimate goal of the tug and barge operators, however,
was 100% or all weather push operation with standard tugs with
normal tug manning. This was first attempted in 1963 by L.R.
Glosten & Associates, Inc., with the Sea-Link articulated
'tug-barge linkage. The linkage, described in detail in the next
section, was prototype tested with only partial success in 1964
and 1965. However, it was shown that push towing with standard
tugs was a viable concept so that experimentation continued in
the development of improved linkages.

In the early seventies the technology was developed for the
high horesepower diesel engines that could drive large barges
(greater than 20,000 DWT) at moderate speeds and for linkages
that would allow the tug and barge to remain linked together in
all types of weather and seas. Three third generation linkages
were developed in the U.S., two rigid, the Breit/Ingram and the

CATUG designs, and ore semi-rigid, the ARTUBAR design. These
linkages, described thoroughly in the next section, have been
built for OGTBs of up to 55000 DWT and have been designed for
barges of up to 80-100,000 DWT. The Coast Guard determined that
these tug-barge units were "mechanically linked" ships so that
ship manning scales would pertain to them. However, since the
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tugs were very highly automated, ard had unattended ergirerooms,
they were certificated for the smallest marning possible--about
thirteen men without ircludire stewards and cooks. (10) This
meant that these tug-barge units could be manned with app-oxi-
mately fourteen to sixteen men, substantially less than ships of
the same capacity.

These low manning scales were very attractive to operators
who needed to build rew ships. They saw these mecharically
linked third generation OGTBs as a way of reducing ship crewing
costs substantially. Additionally, they found that they could
obtain a tug-barge system at lower capital cost than the equiva-
lent sized ship, even if the tug was built under Coast Guard
inspection. (11) For these reasons several of these mecharically
linked units were built to operate as psuedo-ships in coastal and
foreign trades.

On the other hand, tug ard barge companies operating with
standard tugs and notched barges did rot like these mechanically
linked tug-barge systems. The linkages were expersive (12) and
caused the tug to be modified so much that it usually could rot
be used for anything except pushing its own barge. But, the pri-
mary reason why operators did not accept these mechanically
linked systems was because it would allow Coast Guard inspection
of their tugs. This would substantially increase the cost of
constructing the tugs and also increase the size and the
licensing standards of their crews. This would in turn increase
their operating and capital costs significantly, probably making
their push-towed units uncompetitive in comparison with
pull-towed units with tugs manned with standard tug crews and
built without inspection.

Nevertheless, the tug and barge operators wanted to take
advantage of push-towing 100% of the time. The better barge con-

(10) A typical marning certificate would require licersed Master,
three Mates, Chief and Assistant Engineer, a Qualified Member of
the Engire Department, and six Able Bodied Seamen (AB's).

(11) The reason for this construction cost saving is discussed in
the next chapter. Basically, it is due to specialization of the
tug and barge construction yards and due to the less sophisticat-
ed outfit equipment and the lower freeboard of the barge.

(12) Third generation OGTB mechanical linkages require special
reinforcement of the barge notch and tug bow to absorb the
stresses resulting from the linkage. This reinforcement as well
as sophisticated couplirg and decoupling gear can add approxi-
mately a million dollars to the cost of tug and barge.
Additionally, the rigid linkage systems require heavier
scantlirgs overall, increasing the hull steel weight and cost
even further.
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trol and fuel savirgs available, particulary in the lorger di-
tance coastal trades, with push-towing could rot be denied. But
since mechanical linkages would result in increased manning rd
capital costs, they instead began to develop improved cable/chain
linkages (with some additional hardware) that allowed push-towirg
in practically all types of sea corditions but would rot force
their tugs to come under Coast Guard inspection. Recently sever-
al of these "loosely-linked" third generation OGTBs with barges
of up to 55,000 DWT have been built for coastal liquid bulk
trades replacing the overaged WWII jumboized T-2 tankers.
Additionally, other linkage designs are being developed. Some of
these current and proposed designs will be described in the next
section.

So, today we have two different forces stimulating OGTB
development. One is exerted by ship operators who are investing
in the ,"mechanically-linked" OGTB designs. They see these
pseudo-si .p OGTBs as a means of reducing the crewing and con-
struction costs of their domestic and foreign fleets. The other
force is exerted by tug and barge operators who are investing in
the "loosely-linked" OGTB designs. They see these OGTBs as a
means of taking advantage of push-tow operation without any
manning penalties for their domestic coastal trades. Therefore,
one would expect that except for trades requiring high speeds
and/or large vessel capacity that OGTBs would be displacing ships
completely. However, small ships of moderate speed are being
built in U.S. yards as well as OGTBs. An attempt to explain this
situation will be presented in the following chapter.
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1.3 Description of Various OGTB Systems

In this section many of the OGTB systems currently ir  U.S.
flag operation or under active development will be discussed.
Each system will be first described and then evaluated with re-
spect to its commercial and military potential. The systems will
be presented in the chronological order of their development.
That is,

A. Pull-Towed OGTBs: Tug-barge systems designed for towline op-
eration only

B. Ist Generation Push-Towed OGTBs: Tug-barge systems primarily
designed for offshore work on a towline, but the barge will
usually have a stern notch with the intention of the tug
pushing in rivers, sounds and during good weather, in the
open sea.

C. 2nd Generation Push-Towed OGTBs: Tug-barge systems primarily
designed for offshore work with deeper notch and hardware to
permit the tug to push over half the time while offshore.

D. 3rd Generation Push-Towed OGTBs: Tug-barge systems designed
to permit the tug to push 100% of the time. (13)

These 3rd generation systems can be further sub-categorized
with respect to their type of linkage. Specifically, they
can be d.ivided into rigid mecharically-linked (or
integrated), semi-rigid mechaically-liked (or articulated),
flexibly-liked, and loosely-linked systems.

Information additional to that given below can be obtained from
the system operators, owners, or designers listed in Table 1.U.

1.3.1 Pull-Towed and 1st Generation Push-Towed OGTBs

Description and Commercial Potential

Most of the smaller and older barges were designed for haw-
ser towing in which the barge follows the tug on a wire that is
controlled by a winch on the after end of the tug. Some of the
newer barges have been provided with a shallow stern notch which
allows the barge to be push-towed in sheltered areas. These 1st
generation push-towed OGTBs can be maneuvered much more safely in
and out of port than hawser towed systems.

Although most existing OGTBs are of the pull-towed type be-
cause they were built prior to the development of the more so-

(13) This categorization of 1st, 2nd, and 3rd generation
push-towed OGTBs was first presented in Wright (1973).
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Table 1.4

OGTB Owners, Operators and Designers

Pull-Towed and 1st Generation Push-Towed OGTBs

Crowley Maritime Corporation
One Market Plaza
San Francisco, CA 94105
(415) 546-2500

Foss Launch & Tug Co.
Division of Dillingham Corp.
660 West Ewing Street
Seattle, WA 98119
(206) 281-3800

McAllister Brothers, Inc.
17 Battery Place
New York, NY 10004
(212) 269-3200

2nd Generation Push-Towed OGTBs

Deep Notch Design

Bulkfleet Marine Corporation
4600 Post Oak Place
Suite 161
Houston, TX 77027
(713) 840-1100

Interstate & Ocen Transport Co.
Three Parkway
Philadelphia, PA 19102
(215) 864-1200

Notchless Design

Krupp International, Inc.
Plants Division
550 Mamaroneck Ave.
Harrison, NY 10528
(914) 381-2000

3rd Generation Mechanically-Linked OGTBs

Breit/Ingram Design

Tug Barge Systems Inc.
(An Ingram Company)
4100 One Shell Square
New Orleans, LA 70139
(504) 588-2400
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Table 1.4 ... Continued

CATUG DESIGN

Hvide Shipping Incorporated
1900 S.E. 17th Street Causeway
P.O. Box 13038
Port Everglades Station
Fort Lauderdale, FL 33316
(305) 527-1712

ARTUBAR DESIGN

ANDUL Engineering Inc.
2801 Sombrero Blvd.
Marathon, FL 33050
(305) 743-6800

Transway International Corporation
747 Third Avenue
New York, NY 10017
(212) 371-6464

Sea-Link Design

L.R. Glosten & Associates, Inc.
610 Colman Building
811 First Avenue
Seattle, WA 98104
(206) 624-7850

3rd Generation Loosely-Linked OGTBs

Bludworth Design

Mr. Robert Bludworth
Bludco Barge and Towing, Inc.
P.O. Box 12424
Houston, TX 77017
(713) 644-1595

Breit & Garcia Design

Belcher Towing Company
P.O. Box 011751
Miami, FL 33101
(305) 858-3400

Breit & Garcia
441 Gravier Street
New Orleans, LA 70130
(504) 581-5636

1-30



Table 1.4 ... Continued

CABLE-LOC

ANDUL Engineering, Inc.
2801 Sombrero Blvd.
Marathon, FL 33050
(305) 743-6800

3rd Generation Flexibly-Linked OGTBs

Barge-Train Design

Barge Train, Inc.
555 E. Ocean Boulevard
Long Beach, CA 90802
(213) 436-0218
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phisticated push-towed OGTB designs, the-e-are s.till reasons for
their construction today. As explained in the next chapter, they
are especially suited for short distance trades !uoh as thc?.move-
ment of oil from Fast Coast refineries to nearby metropolitan
ports or the movement of containers from major to minor parts.
Barges used in this type of trade are shown in Figure 1.3.

Pull-towed systems also are the most flexible. They allow
any tug of sufficient power to pull any barge or pair of barges
in tandem. This enables separate ownership of tug and barge
fleets which may provide economies due to specialization. This
flexibility is also important to large multi-purpose fleet
operators who must operate construction equipment barges, RO/RO
barges, container barges, train barges, tank barges, pipe barges,
and Arctic resupply barges, all with the same tugs. Pull-tow op-
eration is a necessity in some of these operations since the line
of sight from the tug's pilothouse would be blocked by the cargo
during push-tow operation.

Military Potential

Pull-towed barges have been employed by the military for
quite some time. They are still used annually in the Arctic and
Caribbean resupply operations and had been used frequently in
Viet Nam for the movement of construction equipment, housing
modules, and materiel. Therefore, little additional discussion
of these OGTBs will be provided here. It is safe to say that
they are still useful for the trans-ocean movement of outsized
cargoes, especially those which would block the pilothouse visi-
bility of a push tug, even one with a raised pilothouse. Most of
these OGTBs have flat bottoms and so are capable of beaching
and/or ballasting down for the discharge of their cargo.

c bMany of these OGTBs, especially with tank and RO/RO barges,
can be used for short distance shuttling operations and/or for
'the shoreside storage of POL, containers, and materiel. Some of
the types of pull-towed OGTBs of military usefulness that could
be readily obtained from commercial operators are shown in Figure
1.1. However, since most of these barges, except the newest such
as the Crowley triple-deck RO/RO barges shown in Figure 1.,4, have
been built with spoon or other non-shipshape bows, they could not
be transported rapidly overseas. (!1) Even if they were
converted to push-tow operation their hull forms would prevent
them from making rapid headway. Thus, these types of barges are
much more suited for coastal operations and/or storage after be-
ing towed to the operating area.

With respect to mobilization, standard tugs can be easily
obtained from the commercial towing fleet (See Appendix C) or

(14) Speeds of advarce of less than five knots are not uncommon
with hawser towed barges on trans-ocean crossings.
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Modern Pull Towed OGT8 System

Modern Ist Generation Push-Towed OGTB System

Source: McAllister Brothers, Inc. Fgr .
Advertisements 

in"Maritime Reporter and EngineerinU News',
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Figure 1.4

Crowley TMT Tri-Deck RO/RO Barge

Source: Trailer Marine
Transport Corp.
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they can be rapidly produced at the many dozer tug and boat yards
arour.6 the country. (!c) Additionally, standajd deck and ta r K
barges can be readily obtained from the commercial fleit (See
Appendices A & B) or car be rapidly produced by specialized
barge yards. Delivery of a barge can be obtained much sooner
than a ship of equivalent size since it has little machinery and
is of' rather simple hull shape. For example, even the sophisti-
cated Lriple-deck RO/RO barges of Crowley Maritime could be
completed in six months from keel-laying and only nine months
from contracting. Follow or barges could be delivered in less
than three months intervals if necessary. There is no doubt that
the large U.S. fleet of standard tugs and barges and the boat and
barge yard capacity can provide significant numbers of pull-towed
OGTBs for mobilization operations. (16)

1.3.2 2nd Generation Push-Towed OGTBs

Deep-Notched Designs

Before the recent development of the 3rd generation
loosely-linked OGTB designs, many coastal tankship operators, es-
pecially on the East and Gulf Coasts, pushed their barges with
2rd generation linkages. Amost all of these designs consisted of
the tug pushing the barge in a deep stern notch while tensioned
by cables to prevent separation from the barge. Such systems
allowed push-towing more than 50% of the time. However, since
the development of the loosely-linked designs, very few coastal
operators are constructing 2nd generation designs except for
those with linkages that allow pushing at least 90% of the time
and so are approaching Ird generation status.

A representative of these new 2nd generation systems is
shown in the Interstate and Ocean Transport patent drawings
presented in Figure 1.5. This system uses a pin with a hemisphe-
rical convex frontal surface that fits into a corresponding con-
cave hemispherical surface in the barge notch to restrain heave.
Additionally, the linkage uses chain cables that provide the ten-
sion that prevents tug and barge separation. Relative roll be-
tween tug and barge is prevented by fenders installed at the af-
ter end of the tug. This linkage allows the tug to remain in the
notch in up to nineteen foot seas although voluntary separation
normally occurs when 12-15 foot seas are expected. Interstate
has three barges (Ocear 262, Ocean 190, and Ocean States) and
three 5600 HP tugs (Enterprise, Honour, and Valour) fitted with

(15) Most large tugs are twin-screw and powered by high speed
diesel engines. Recently, some of the larger tugs have been
built with medium or slow speed diesel machinery.

(16) See MTRB (1979) for a more detailed discussion of the avail-
ability and distribution of pull-towed OGTBs.
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this lirkage. One of these OGTBs openatirg with this linkage is
shown in Figure 1.6. Additiorally, two rew sirgle-skin 20,000
DWT tank barges currently under const-uction for this company
will be equipped with it. The lirkage should be less expensive
to install than most of the 3rd generation desigrs and provide
almost the same capability.

Anothe - deep-notched 2nd generation linkage system has beer
recently developed by Bulkfleet Marine Corporatior, a subsidiary
of McAllister. At least two and possibly five 25,000 DWT tank
barges are expected to be built with this linkage. As shown in
the preliminary line drawings of Figure 1.7, the tug is
maintained in the close fitting rotch by two sets of tensioned
cables, one pair leading from the tug's forecastle and the other
pair from its stern deck. Linkage forces are distributed over a
wide area of the notch through an extensive system of fenders so
that the system may operate in 12-13 foot seas without
difficu ty. In greater sea s.tates the tug must separate from the
barge. The first two tank barges will be powered by 7000 HP MAN
medium, speed diesel ergires and are expected to average 12 knots
in their Gulf Coast service.

Other barges with 2nd generation linkages are noted in Ap-
pendix B. As explained in the next chapter, it is not expected
that many new systems will be constructed with this type of
linkage. Some pull-towed systems, however, may be retrofitted
with a 2nd generation linkage since it provides these OGTBs with
the advantages of push-towing for the majority of operating time
at little cost. This has been the case with the Crowley Maritime
tank barges 450-1 through h50-5 .on which deep notches were
installed in the last year to allow them to be almost continuous-
ly push-towed on their West Coast and Pacific river trades.

The military potential of 2nd generation OGTBs is practi-
cally the same as the 3rd generation loosely-linked systems
discussed in the next subsection except they must be hawser towed
while transitting the ocean. Unfortunately, such hawser towage
may mean that these systems can not participate in the initial
stages of a contingency action. However, once they arrive at the
operating area, they can provide substantial transport capacity
by being used in the pushing mode in coastal and shuttling
operations.

Notchless Design

The SEEBECKWERFT 2nd generation linkage of A-G Weser, a
subsidiary of Krupp International, Inc., is included here even
though it is not of American origin because it has some features
that make it of commercial and military interest. The linkage as
shown in Figure 1.8 is different from the other 2nd generation
linkages in that it does not requie a barge notch. Instead, the
tug has a double roller fendering head at the bow that can either
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rotate or roll up and down in a semi-cylind-ical slide that is
attached to the ba,'ge stern. This linkage allows the tug to
roll, pitch o- heave freely, yet retain its own buoyancy so there
is no tendency for the tug to become subtrerged at the stern or
lifted out of the water. The tug is kept in the slot by
tensioned cables that lead f-or a t':in-head towing winch or the
after pa.t of the tug to the corners of the barge stern. The
lack of a notch also allows the tug to be used as an active rud-
der since it can push at an angle with respect to the barge
centerline.

The reason that this design is included here is that it
provides the ultimate in tug and barge interchangeability with
push-tow operation. Any tug having the fender installed can push
any notchless barge that has the slot installed. The cost of
such an installation for an OGTB with a 20,000 DWT barge pushed
by a 5000,HP tug is estimated by the local distributer to be ap-
proximate. y $350,000.

Although this system has never been used in U.S. trade, it
has been successfully operated by several foreign operators. It
is very useful for coastwise service where seas no greater that
state seven will be encountered. The only apparent disadvartage
that this design will have compared to a deep notched 2nd genera-
tion OGTB is that it will likely develop greater linkage drag and
so will require more horsepower to be propelled at the same
speed. The local distributor believes that this is probably not
the reason for its lack of acceptance in this country. It is
more likely due to its precise fabrication requirements and its
foreign origin. Nevertheless, it seems economically beneficial
for retrofitting on pull-towed barges that operate on coastal

: trades.

As for SEEBECKWFRFT's military potential, it seems to be
the most flexible linkage available for coastwise and shuttling
push-tow operations with moderate size barges (<20,000 DWT). It
allows any tug to handle any barge and it can be quickly
retrofitted (in less than two weeks if proper preparations are
made) on most pull-towed barges and standard tugs without
difficulty. The fendering head also allows the tug to be used
independently for handling ships for docking. Given all of these
potential advantages, the SEEBECKWERFT linkage should certainly
be investigated thoroughly for its military potential. In
particular, it should be determined in what sea states the link-
age may operate without failure and how much additional linkage
drag is developed compared to deep notched designs.

1.3.3 3rd Generation Mechanically-Linked OGTBs

There are currently three mechanically-linked OGTB system
designs being used in U.S. trades at this time. Two, the
Breit/Ingram and CATUG, have rigid linkages. The third, the
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ARTLIBA, has a semi-rigid linkage. Additionally, ancther
semi-rigid design, SEA-LINK, is being used by a foreign opeat3
in coastal service. A summary of the particulars of the U.S.
flag mechanically-linked OGTBs is presented in Table 1.5. More
detailed information about their design and their commercial and
military potential is presented in the following subsections.

Breit/Ingram--Rigid Linkage Design

Description: The Breit/Ingram design was the first to be used in
U.S. flag trades after Car-Port and SEA-LINK had left the scene.
The linkage system is 'similar to the Car-Port in that the tug is
rigidly wedged into the sides and bottom of the barge stern
notch. However, the Breit/Ingram design has the additional capa-
bility of rapid eme-gency tug-barge separation and safe indepen-
dent tug operation. The details of the linkage system are shown
and explz'ned in Figure 1.9.

In addition to the particulars given in Table 1.5 about
U.S. flag Breit/Ingram OGTBs in operation, the following informa-
tion is of interest:

The Martha R. Ingram/IOS 3301 tank OGTB has six product segre-
gation with fourteen epoxy coated tanks. The barge can be
discharged in less that 21 hours by the use of six deep-well
pumps that can pump a total of 20,000 Bbl/Hour. The barge has
a 800 HP bowthruster and the tug has twin controllable-pitch
propellers.

The Carole G. Ingram/IOS 3302 tank OGTB has four product segre-
gation with twelve epoxy coated tanks. The barge can be
discharged in less than 24 hours by the use of four deep-well
pumps that can pump a total of 20,000 Bbl/Hr. The barge has a
800 HP bowthruster and the tug has twin controllable-pitch
propellers.

The Jamie A. Baxter has two 4O-ton gantries with clamshell
buckets orboard which are capable of unloading two separate
grades of cargo (phosphate fertilizer) simultaneously. The
25,000 tons of cargo can be unloaded into barges on either or
both sides of the vessel in a total of 17 hours.

The Valerie F has four center holds designed to self-unload
phosphate rock with four cranes and eight wing holds designed
for rice carriage on backhaul voyages. These holds can be
discharged via four spouts at a rate of 300 LT per spout per
hour.

Considerable other information about the Breit/Ingram design is
provided in Hukill (1972) and (197U), Pickersgill (1973), MARINE
ENGINEERING/LOG (1976a), and SHIPPING WORLD AND SHIPBUILDER
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(1971b). Additional information can be obtained frln the
licensor listed in Table 1.U.

Commercial Potential: This design was ar early commercial
success. Since the construction of the Martha R. Ingram/IOS Vq01
in 1971 four other systems have been put in U.S. trade, the
latest being delivered in 1977. Additionally, three systems
have beer put into foreign flag service. One of these, for Japa-
nese operation, consists of two tugs and six barges which are
used in two drop-and-swap mode trades. This proves the ability
of the design to operate in the drop-and-swap as well as integral
mode. Also, one foreign flag system has the tug designed for
high speed independent operation for salvage work. This proves
that the tug, although not conventional in bow shape, has the
flexibility to be used in non push-tow operations.

Currently no Breit/Ingram design OGTB is under contract or
construction. Internationally, this may be due to the general
downturn in ship construction; and domestically, it may be due to
the tougher competition from other designs. The Breit/Ingram de-
sign does have some disadvantages in addition to those generally
applicable to mechanically-linked OGTBs as discussed in Chapter
2. The primary disadvantage is that in order for the linkage to
remain rigid while withstanding ocean forces, the hull scantlings
have been designed heavier than for a comparable ship.
Specifically, the tark barges have bottom scantlings 6.5% and
deck scantlings 3.3% greater than those for a ship of equivalent
size. These scantlings are also 12% greater than for a simple
notched barge. These heavier scantlings, the five million pound
force hydraulic ram, and the complex tug bow and barge notch
lines make the linkage system quite expensive. These factors may
have led to the recent interest in the CATUG design for transoce-
anic trades and the new loosely-linked designs for coastal
-trades.

Military Potential: The Breit/Ingram design has the potential of
being used in any application that is handled by a moderate speed
(<20 KTs) ship. It is proven trans-ocean capable and may be
built to any militarily useful size. One design has even been
developed for a 100,000 DWT barge at a 1'3 foot draft with the
ability to carry 82,000 DWT at 38 feet.

As with any OGTB, this system has the flexibility of
drop-and-swap and independent tug operation. Unfortunately, none
of the U.S. flag tugs and barges are currently interchangeable so
drop-and-swap operation with current assets is not feasible.

As there is no relative movement between tug and barge
while underway, there is no reason why the barge cannot be manned
if necessary. This would allow underway replenishment operations
if required. Additionally, fuel and power connections between
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the tug and barge can be easily designed to increase cruising
range or to support habitability containers or weapons systems.

With respect to a mobilization, a newly constructed system

of this type could probably be delivered months earlier than a
ship of same size due to concurrent barge and tug construciton at
specialjzed yards. However, since this design requires a care-
fully engineered and complex linkage as well as a ballast system,
it should take longer to construct than one of the simple -

loosely-linked 3rd generation designs; and, it would not be via-
ble for quick retrofitting onto a standard tug and barge.

CATUG--Rigid Linkage Design

Description: The CATLIG design followed the Breit/Ingram linkage
by four years, the first CATUG OGTB being delivered in 1975. The
linkage is practically the n~nverse of the Breit/Ingram design.

That is, rather than having the tug bow wedged into a barge
notch, the CATUG has a protruding barge extension wedged between
a catamaran tug's twin hulls and under the connecting platform.
The details of the linkage are shown in Figure 1.10.

In the linkage, the CATULG uses a gathering type wedge fit,
in that the extension from the barge is tapered. Two tensioned
hydraulicly operated latches are provided on the tug foredeck
which engage adjustable sockets on the barge afterdeck. These
latches hold the tug on the barge extension and preload topside
and bottomside bearing points in compression. There are four of
these bearing points between the tug and barge units. Two are
between the top of the barge and the underside of the catamaran
cross structure platform, each off to the side. The other two
are- beneath, between the barge extension and a ledge-like exten-
sion on the inside of the CATUG hulls. These bearing points are
surfaced with greenheart, a very dense and moisture-stable wood,
and prevent relative transverse movements of the hulls. Separa-
tion of tug and barge can be accomplished in less than two
minutes.

In addition to the particulars given in Table 1.5 about the
U.S. flag CATUG OGTBs in operation or under construction, the
following information is of interest:

The Seabulk Challenger tank OGTB has five product segregation
with eighteen epoxy coated tanks. The barge can be discharged
rapidly by five 4900 gpm diesel-driven deep-well pumps plus a
2500 gpm special products pump. The barge is equipped with a
920 HP bowthruster and each of the catamaran hulls of the tug
has a 17 foot propeller.

The Seabulk Magnachem is a special products tank OGTB and
thus has a sophisticated cargo arrangement to handle caustic
soda, chlorinated hydrocarbons, and solvents. The barge has
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an epoxy coated double-L-ttoin and is divided into 22 tar.k ,
all strengthened to carry cargoes of 1.62 specific gravity.
These tarks are serviced by sixteen separate loading ard
discharging lines and by 20 pumps, 15 of which have 850 gpm
pumping rates. All but the small forward center tarks are
coated with Ameecoat 75 and contain stainless steel heating
coils. All deck lines servicing all but the forward tanks are
steam traced and insulated. The tug is practically identical
to the one on the Seabulk Challenger and the barge has a 1000
HP bowthruster.

The three CATUGs for Occidental Oil are being built with MARAD
Construction Differential Subsidy (CDS) funds. They will be
operated by a sixteen member crew (without a radio officer)
between Florida and the Black Sea. These double-bottomed
vessels will carry superphospho-ic acid (SPA) in their center
tanks and liquid cargoes in the wing tanks during backhaul
legs. The five center tanks and associated pumps, piping,
heating coils and exchangers are of stainless steel
construction. These tanks are also heavily strengthened since
SPA has a high specific gravity (2.0). All fifteen tanks are
serviced by individual deep-well pumps that feed into two dis-
charge headers, one for the wing tanks and the other for the
center tanks. The tanks can be discharged in less than 2a4
hours at a rate of 2000 LT/Hr. Additionally, it should be
mentioned that the barge will not be equipped with a
bowthruster since the operator felt it unnecessary due to the
maneuverability of the CATUG resulting from its widely spaced
twin screws.

The two CATUGs being built for Amerada Hess are double-bottom
tank barges carrying in thirteen cargo tanks 4O,433 long tons
at the 36'0" design draft and h7,075 long tons at the 46'6"
maximum draft. Each barge has four product segregation and
can discharge a cargo of diesel oil via thirteen 4000 GPM
hydraulicly driven deep-well pumps (one in each tank) in six-
teen hours. The tanks are epoxy coated and have heating coils
to allow carriage of heavy fuels. As with the Occidental
CATUGs, no bowthrusters are installed on these barges.

Considerable other information about the CATUG design is
provided in PORT OF GALVESTON (1973), JACKSONVILLE SEAFARER
(1975), MARINE ENGINEERING/LOG (1976c), SHIPPING WORLD AND
SHIPBUILDER (1974f), Stevens (1976), and Seabulk Corporation
(1971?). Additional information can be obtained from the
licensor listed in Table 1.4.

Commercial Potential: This design is currently the most commer-
cially active of the mechanically-linked OGTBs, especially after
the recent orders for five systems from Occidental Oil and
Amerada-Hess. Four to six other systems are currently under ne-
gotiation with Amerada-Hess. The reason for such recent success
may be due to a combination of aggressive marketing and some in-
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herent a dvartages in the CATUG (e] Gd . The two prircipal
advantages resulti-:g from twin vice mronlhull construction are
it provides better propulsive efficiency and maneuverability due
to the wide spacing of the propellers, and (2) it results in
smaller transverse and vertical tug-ba-ge interface loads and
barge rake torsional loads because the barge and tu olling
periods are more closely matched. This second advantage allows
the tug-barge interface to be built with less reinforcement than
that needed in the rigid-linked monohull designs. The money
saved for this reason and because of the simplicity of the barge
extension compared to a notch will at least equal the additional
cost that results from the complex catamaran hull construction
for the tug. Thus, the CATUG capital construction costs are
found not much different than those of monohull designs.

The CATUG design does have less flexibility than the
Breit/Ing.ram design. Its tug, although seaworthy, cannot be used
for towing or any other independent mission satisfactorily. The
barge could be towed independently if necessary, but it was not
really designed for such operation. Besides the above comments,
all the information concerning the commercial viability of
mechanically-linked OGTBs discussed in Chapter 2 apply.

Military Potential: The CATUG design has the potential of being
used in any application that is now handled by a moderate speed
ship. It is proven trans-ocean capable and may be built to any
military useful size. One design has been developed for a
85-102,000 DWT barge.

As with any OGTB, this system has the flexibility of
drop-and-swap operation. Although there are currently an equal
number of tugs and barges so that commercial drop-and-swap oper-
ation is not planned, the Seabulk Magnachem and Challenger or the
Occidental and Amerada Hess CATUGs can exchange tugs and barges.
This interchangeability might be useful for some military
operations as discussed in Chapter 3.

As there is no relative movement between tug and barge
while underway, there is no reason why the barge cannot be manned
if necessary. This would allow underway replenishment operations
if required. Additionally, fuel and power connections between
the barge and tug can be easily added to increase cruising range
or to support habitability containers and weapons systems.

With respect to mobilization, a newly constructed system of
this type could be delivered months earlier than a ship of the
same capacity due to concurrent barge and tug construction at
specialized yards. However, since the CATUG is of complex forin,
this system might take longer to construct than a monohull design
i.n most tug yards. Certainly, the CATUG system is not amenable
for retrofit on standard tugs and barges due to its peculiar twin
hull design.
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ARTUBAR--Semi-Rigid [Lirkajge Design

Description: The AR'rUBAR (ARticulated TLlg BARge) linkage design
was developed in the late sixties. However, it will rot be until
late 1979 that the fi-st ARTITBAR system will be in U.S. flag op-
eratior ever though a Japarese system has been operating since
1975. Reasons for this delay will be presented later.

The linkage is corceptually simple. It consists of two
large transverse pins that are hydraulicly extended from both
sides of the tug's bow into correspondirg sockets in the barge's
notch. The pins allow the tug to pitch in the notch so that the
linkage forces are substantially smaller than those produced by a
rigid linkage design. Also, there are fende-s installed at the
bow and side of the tug that prevent damage to the notch during
pin aligninent. The pirs may be retracted in seconds and the tug
and barge car be separated in any sea state. Additionally, the
system crn be designed so that the tug car link with the barge in
up to 15 foot seas in just a fFw minutes. This is beyond the ca-
pability of the rigidly-linked designs. It should be noted that
several sets of sockets can be installed to match the normal
operating drafts in ballast and loaded conditions. This will re-
duce the need for expensive ballasting equipment for the tug.
Besides the pin lirkage, the ARTUBAR design may also include
wing-wall skegs that make up the barge notch. Such wing-wall
skegs reduce the barge's pull-tow frictional resistance by at
least 50% compared to barges with standard skegs. Details of the
ARTUBAR linkage including wing-wall skegs are shown in Figure
1.11.

The ARTUBAR linkage was originally desigred to be installed
onboard the Gulfcoast Transit Compary's Betty Wood/Marie Flood in
1972, However, when the operator learned that the U.S. Coast
Guard refused to recorsider its decision to require the tug to be
inspected and have licensed crews, he decided to build the tug
and barge with an ARTUBAR system without pins. It operates as a
2nd generation push-towed system with tug and barge linked to-
gether by cables. However, in seas greater than twelve feet, the
tug must leave the notch and take the barge on a hawser.

Currently there are two RO/RO OGTB systems being built with
MARAD CDS funds for Transway International's subsidiary
Coordinated Caribbean Transport (CCT). The twin screw tugs have
a very high pilot house sightline, 59 feet above the water, to
allow good visibility over the light displacement RO-RO barge.
The tug-barge profile is shown in Figure 1.12. The barge has the
capability of carryirg 165 LO-foot trailers and 58 automobiles or
its spar, upper, and main decks and tank top. It is loaded via a
bow ramp and three side ports to the main deck and then through
internal fixed ramps to the other decks. The barge is also
equipped with a 1200 HP bowthruster.
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More information about the ARTUBAR design can be found in
Fletcher (1968), (1969), (1970), (19714), (197F), MARINE
ENGINFERING/LOG (19'(6e) , and SHI PPING WORLD AND SHIPBUILDFR
(1969) or from the patent owner or designer listed in Table !-.

Commercial Potertial: As the first units of this design will be
put in U.S. flag operation in 1980, their commercial potential in
U.S. foreign trades will only be learned later on. However,
there are some points that can be made concerning their commer-
cial viability compared to the rigid-linked designs discussed
previously.

First, the ARTUBAR design should be significantly less ex-
pensive to construct than either of the two rigid designs. This
is primarily because the barge scantlings and, consequently, its
hull we4  ht can be made quite a bit lighter. This is the result
of the AbS rules requiring that the scantling length be deter-
mined from two-thirds of notch length forward of the barge stern
to the barge bow rather than from the tug stern to barge bow as
required for rigid designs. Additionally, the ARTUBAR system
should be less expensive to build because it is essentially made
up of a standard ocean-going tug and a deep notched barge with
only a hydraulic pin assembly added. The designer estimates that
the cost of such hardware for a 15-20,000 HP tug and a barge of
up to 60,000 DWT would be about $1,000,000.

The use of standard tug and barge units makes the ARTUBAR
more flexible than the rigid designs. The tug could be used for
any normal tug function including pushing or pulling (if towing
winch is installed). The barge, with wing wall skegs, is espe-
cially designed for good steerability with less than usual resis-
tance when pull-towed. Also, since the linkage connection is
made via pins only, any ARTUBAR tug could operate with barges of
various size and function. For example, the CCT tugs could oper-
ate with up to 60,000 DWT barges, if only slow speeds are
required. And, as the system can link in moderate seas, it is
also more suited for drop-and-swap operations. The Japanese sys-
tem with two barges and one tug operates in this mode.

The ARTUBAR system does have the disadvantage of being more
expensive to operate than the rigid designs since its hull lines
are not as smooth. The additional resistance and fuel cost may
be as much as 10%, although this might be reduced substantially
if fairing flaps are added to smooth over the linkage area.

Military Potential: The ARTUBAR design has the potential of be-
ing used in any application that is now handled by a moderate
speed ship. From the Japanese system it has been proven
trans-ocean capable. It may be built to any military useful
size, as one design has been developed for a 70,000 DWT barge.
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As with any "qTB, this system has the flexibility of
drop-ard-sw~ip opt-atior. It is better capable than the
rigid-lirked desigs L .o correct in moderate seas--up to I @. feet.
This may be very useful in shuttle type operations where the
barges are anchored offshore. It should be noted that the two
CCT systems will have interchangeable tugs and barges although
they will not be operated in drop-and-swap mode.

Although there is relative movement between tug and barge
while underway, the motion near the pin linkage is practically
nil. Thus, there is no reason why the barge cannot be manned and
why personnel could not move between tug and barge. This would
allow underway replenishment operations from the barge if
necessary. Additionally, fuel and power connections between the
tug and barge can be designed through the pins to increase
cruising range or to support habitability/weapons systems.

With respect to mobilization, a newly constructed system of
this type could probably be delivered months earlier than a ship
of same capacity due to concurrent barge and tug construction at
specialized yards. Additionally, ARTUBAR should be capable of
being built more rapidly than the rigid linked designs since the
tug and barge can be of standard form. Also, an ARTUBAR linkage
is capable of being retrofitted on a standard tug and barge. The
designer estimates that a retrofit could take place in 45 working
days assuming that the ARTUBAR pin components were available.
Such a retrofit could be easily done so that all tugs and barges
of various sizes would be interchangeable.

Of all the mechanically-linked systems, the ARTUBAR system
seems to have the most potential use for military application
since it has an inherently more flexible design. Its tug and
barge components not only can be interchanged in drop-and-swap
operations but also can be used effectively as independent
vessels.

SEA-LINK--Semi-Rigid Linkage Design

Description; The SEA-LINK linkage design was first proto-type
tested on some standard tugs and barges in the mid 1960's. At
that time, the linkage failed due to problems in fabrication and
design. After extensive analysis and investigation, an improved
linkage was developed that also restricted rolling movements be-
tween the tug and barge as well as yaw, sway, and surge which was
restricted in the original design. In 1973 this new linkage was
installed on a 1450 HP tug and three 800 DWT barges operated by
the San Miguel Corporation (SMC) of the Phillipines. This system
allows the tug to push either one barge or two barges in tandem.

The linkage was designed to approximate the ease of opera-
tion and rugged simplicity or a railroad coupler. This is of im-
portance in the routine coupling and uncoupling of barge
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flotillas in port as well as for emergency disconnect capability
for safety.

The linkage between tug and barge is provided by a pushing
frame hinged to the stern of the barge and pinned to the tug
amidships. The frame acts essentially as a double pinned hinge
with the hinge pin axes horizontal and transverse to the vessels.
The tug and barge can be separated by either manually or
hydraulicly releasing the frame from the barge or the tug. The
connection between the barges is the equivalent of a single pin
hinge permittirg relative pitch only. Thus, the barges must ei-
ther be at nearly the same draft for linkage or the barges must
be provided with a series of fittings at different heights. The
linkage as intalled on the SMC tugs and barges is shown in Figure
1.13.

More information about the SEA-LINK system can be found in
Glosten (1967), (1972), (1973), (1975), San Miguel Corporation
(1977?), MARINE ENGINEERING/LOG (1976d), and SHIPPING WORLD AND
SHIPBUILDER (1974d) or by contacting the designers listed in Ta-
ble 1.4.

Commercial Potential: The SEA-LINK installation for the San
Miguel Corporation has been so successful that additional units
were recently added to the flotillas. The linkage is capable of
being installed or any conventional tug and barge, notchless or
not. The cost of the installation depends on the forces expected
which is a function of the sea states, speed of operation, and
barge size. The SMC linkage weighs about 30 tons and would cost
$100-150,000 to construct. It operates without difficulty in 12
foot seas. Costs for the linkage on larger barges designed to
operate in rougher seas are hard to predict, but the designer
feels that systems of less than 8,000 DWT operating in non
trans-ocean trades would be economically feasible.

The system can also operate with two barges in tandem.
More barges are considered impractical due to the lateral bending
moments generated at the linkages in long flotillas of linked
barges. However, two tandem barge operation has been successful
in the Phillipines and might be appropriate for certain coastal
trades in the United States.

SEA-LINK has not been successful in U.S. trades probably
because the proper conditions for its use were not found--rather
small barges operated at low speeds in moderate seas. However,
it is certainly an inexpensive system that allows 100;
push-towing in trades for which it is suited.

Military Potential The SEA-LLINK design does not have the same
capabilities as the other 3rd generation mechanical linkages. It
is not practical for use in trans-ocean crossings nor for barges
of greater than 8,000 DWT. However, the system does seem appro-
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priate for coastwise shuttling ope-ati.s, i.e., the move:ti1. ")f
Poll ard mcteril-l from a major port to 1!jino- facilities. The t.ar
dem barge capability adds additional flc::ibility by al lowirg a
least two ports to be served on a giver voyajge. Due '_ the sim-
plicity of the linkage, a barge could be easily dropped off ird
used as a floating warehouse and then, retrieved late- wher empty
for resupply.

The SEA-LINK system is also militarily attractive in that a
linkage could be installed on any standard commercial tug and
barge very quickly and cheaply. Since all that is required is
the fitting of the frame fittings on the tug and barge, the link-
age could probably be installed and even built in the field, if
necessary.

Also the linkage could be considered fo- use in the move-
ment of barges from amphibious ships. Rather than having all the
barges s If-propelled, they co.uld be handled by a fewer number of
SEA--LINK equipped tugs, assuming that all the barges are not
required at once. This would save money and make more efficient
use of the powering units. Alternatively, each barge could have
its own SEA-LINK equipped powering unit that could detach from
the barge if it is damaged or is needed to remain at the beach.
Such flexibility may be worth the additional cost of two compo-
nent construction.

In any case, the SEA-LINK system should be considered in
operations that require the movement of small amounts of cargo in
coastwise and/or shallow draft areas under reasonable sea states.
It allows the economic, safety, and flexibility advantages of
push-towing at reasonable cost.

1.3.4 3rd Generation Flexibly-Linked OGTBs

There is only one flexibly-linked OGTB system under devel-
opment in the U.S. at this time. Although not currently in com-
mercial use, it has sufficient commercial and military potential
to be mentiored here.

FLEXOR--Flexibly-Linked OGTB

Description: The FLEXOR linkage concept has been under develop-
ment since the early 1970's. Although it is rot used yet in com-
mercial service it has beer successfully full-scale proto-type
tested and is being used as the new U.S. Navy pontoon bridge
connecting device. The normal FLEXOR ocean-going installatior

consists of up to four barges of up to 8000 DWT per barge, a bow
unit, and a tug unit, cornected to each other by a pair of
longitudinal steel/rubber pins called FLEXORs. The pins fit into
recepticles that have been designed with a quick release guillo-
tine mechanism. The FLEXORs have heads made of cast steel which
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are sepa-'ated by a urethare body inte-dispozed with steel plates.
This melhod of corst'uctior makes these devices extremely storg
and flexible. The body is pretenzioned by cables connecting the
heads. The flexibility of the FLF XOhs allow the different
components to have some rulative motions in all degrees of free-
dor which prevents build up of excessive force at the linkage
area. Details of the linkage is shown in Figure 1.14 and artist
illustrations of how a commercial FLEXOR system might look is
shown in Figure 1.15. More information about the FLEXOR linkage
system can be found in Marriner (1968) and (1972), Barge Train,
Inc. (1971), (1973a), (1973b) and (1978), Appenbrink (197.),
Brown (1977) and Hautanen (1975) or from the designer listed in
Table I1..

Commercial Potential: The FLEXOR system has beer developed for a
different type of commercial operation than that suited for the
loosely and mechanically-linked designs. Instead of being used
to push single large barge Ln a point-to-point coastwise trade,
it has beer designed to push a series of smaller barges (<8000
DWT) in a train type operation. In this type of trade the barges
would be dropped off and/or picked up at a series of ports during
a single voyage. The advantages of such a type of operation are
obvious. It has been used for quite some time on the great
rivers of this country. It allows trains of different types of
barges of various origins and destinations to be moved along the
coast. The barges could be owned by the consignor, consignee, or
barge company, and could be kept for storage as well.
Essentially, FLEXOR allows the typical multibarge river system to
become ocean capable.

There are several reasons why the FLEXOR has not yet been
used in commercial trades. Probably the major one is that its
use demands a type of operation radically different from the usu-
al coastwise tug-barge operation. As the maritime industry is
very conservative, such novelty is slow to be accepted.
Additionally, in order to implement the barge train concept, sev-
eral barges have to be built concurretly for diffent shippers who
would be willing to coordinate their capital investments and
movements. This might be a very difficult task for most U.S.
coastal trades. Thus, FLEXOR might be first developed in a Great
Lakes-river or river-coastal trade which would allow river barge
systems to be moved or rougher waters.

Military Potential: Although the FLEXOR is not designed for long
distance or trans-ocean operation, it certainly could be very
useful in coastwise or shuttling operations. The ability to push
several small barges at the same time would allow several small
shallow draft ports to be resupplied from various depots on a
single voyage with one or two barges being dropped off and/or
picked up at each port.

The FLEXOR system installed on pontoon barges has proven
itself in U.S. Navy Civil Engineering Laboratory exercises. Al-
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TYPICAL INSTALLATION

BARGE TRAIN, INC. FURNISHES FLEXORS AND FLARED CONNECTOR
PIPES COMPLETE WITH LATCH MECHANISM.

COMPRESSION &IOR SHEAR

BENDING & TENSION SECTION THRU LATCH MECHANISM

TENSION
Figure 1.14

Source: Barge Train (1971) FEO ikg
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.q 250 X 80 X 15 DRAFT BARGE

. j_ 8,000 DWT

AT SEA WITH BOW UNIT

IN RIVER

Figure 1.15

Artist Drawing of FLEXORS in Commercial

Flexibly-Linked OGTB Systems

Source: Barge Train (1974)
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most two hundred of the 20'x00' 2"r.toons which are carried
onboard LSTs will be fitted with F'EX(Rs. The FLEXORs allow the
pontoons to be assembled into LST causeways and then pushed onto
the beach as a unit.

FLEXORs could be used also to allow several landing barges
to be pushed by the same tug. As the system rears the beach, the
units could be separated ard irdividually discharged. The tug
then could retrieve the barges, link them up again, and then
return. Or the tug could leave immediately to pick up another
group of barges or to just be out of the battle zone.

It should be mentioned that a barge train in a coastal run
in a danger zone would be less vulnerable than a ship. If one
barge is hit, it could be released and the remaining barges
reconnected so that the system could continue. And of course,
the tug can be used as a lifeboat if the barges explode or catch
on fire.

With respect to mobilization, the FLEXOR system car be
readily retrofitted onto existing flat-bow tugs and notchless
barges. The designer estimates that the retofit could take less
than six months including engineering and installation and would
cost approximately $300,000 for a 5-6000 DWT barge. The FLEXOR
for such a barge would be approximately 30" in diameter and would
weigh about 12,000 pounds and cost about $25,000 each. It should
be mentioned that FLEXORs have to be rerubbberized about every
five years at a.cost of about $10,500.

1.3.5 3rd Generation Loosely-Linked OGTBs

There are several 3rd generation loosely-linked OGTB system
designs under development at this time. One has been in opera-
tion for a few years and others are being installed on or
contracted for new construction. The reasons for such a flurry
of interest in these types of linkages are explained in detail in
the next chapter. But to summarize, they are being built because
tney can be operated with 100% push-tow operation in coastal
trades at less capital and operating cost than for the
mechanically-linked systems and at little additional capital cost
than for the 2nd generation OGTBs.

Since these OGTB designs are so new, there has been essen-
tially nothing published about them in the professional journals
or the trade literature. Therefore, the information presented in
the following subsections has been obtained directly from the
designers or operators, either through telephone conversations or
company brochures/documents. Consequently, the data presented
may not be complete for all designs, but it should be closely
representative of the type of linkages that are now under
development.
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All of these loosely-lirked OGTB linkages have the same
purpose: I.o reduce the tug motion in the notch so that sepa-a-
tion of' .ne tug from the barge will rot be required in a'y sea
state expected during the voyage. Almost all of the designs uti-
lize the same principles:

(1) to restrict tug heave and pitch motion by the use of some
non-jamming rest-ainirg device at the tug bow and/or by the
use of frictional restraints (usually wedges) on the tug's
sides,

(2) to restrict tug surge by the use of tensioned cables
connecting tug to barge stern, and

(3) to restrict tug roll, yaw, and sway by closely fitting the
tug's lines to the notch shape so that these movements are re-
strained by fenders or wedges.

Each design performs these functions in a different manner as
discussed in the subsections below. These descriptions will be
followed by a brief discussion of the commercial and military po-
tential of loosely-linked OGTB systems.

Bludworth Loosely-Linked OGTB Design

The Bludworth linkage design was the first of the
loosely-linked OGTB linkages to be put into operation. The first
unit, the Ponciara, began operations in 1972. Details of the
linkage are not available since the Bludworths are reluctant to
divulge any information concerning its design. However, it is
believed that the tug is held in the notch by tensioned cables
and its movement is restrained by hydraulicly controlled wedges
located at the after end of each side of the tug. Additionally,: : the tug is restrained from heaving by a frictional device or the

.tug's stem that clamps onto a vertical -ail located at the tip of
the barge notch. This device is articulated so that the tug may
pitch at the bow.

There are currently five OGTBs operating with the Bludworth
linkage. The last two to be delivered, the Velasco and the
Plaquemire, are 22,000 DWT double-bottomed tank barges. Although
built for Dow Chemical they have been under a temporary charter
to Belcher Oil since August 1978. The operator claims that when
the barge is pushed by its 7000 HP tug, it has averaged 10.8
knots. The tugs and barges have never had to separate even when
experiencing twenty foot seas. The operator believes the system
capable of withstanding 30 foot seas without difficulty.

Currently two container OGTBs are being built by Union
Carbide with this lirkage. The 11,000 DWT single deck barges
will carry somewhere between 200 and 300 thirty foot containers
from Puerto Rico to U.S. ports. These systems will operate with
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5600 HP tugs in a 76 1/2 foot deep notch. Delivery is evpected
in late 1979.

Breit & Garcia Loosely-Lirked OGTB Design

The Breit & Garcia linkage design is the second of the 3rd
generation OGTB designs to be installed on new const-uction. The
linkage of this system differs from the other designs since the
tug's bow is not restricted against heave. Instead, the tug bow
is fitted with rubber rollers mounted on a horizontal axis to fa-
cilitate relative vertical movement between tug and barge.
Additionally, the tug is secured to the barge notch laterally by
four hydraulicly operated laminated steel/plastic pads located on
either side of the tug, fore and aft of amidships, which mate
with matching units on the barge. Tensioning hawsers are led
from the barge wings via rollers on each of the tug's quarters to
hydraulic tensioning rams. These serve the dual purpose of hold-
ing the tug in position longitudinally and of providing the means
for transmission of stern power. It should be mentiored that the
tug is equipped with a towing winch and hawsers and is fully
certified for operating in the towing mode if necessary.

Two tank OGTBs are being built with this linkage design for
Belcher Oil Company. The profile of this system and some
particulars are given in Figure 1.16. The total cost for both
systems was approximately $50,000,000 and they are expected to
operate in the push mode 100% of the time on their coastwise
trades.

CABLE-LOC Loose-Linked OGTB Design

Recently E. H. Fletcher has developed a loosely-linked OGTB
design to be installed on new or existing OGTBs. The linkage de-
sign is shown in Figure 1.17. There it is seen that a
horizontal, cylindrically-shaped, constant-tension, energy ab-
sorption device is mounted on the tug's bow. This rubber device,
which is about sever feet long for a 1500 LT displacement tug,
transmits the tug's thrust energy evenly into a corresponding
horizontal concave cylindrical slot in the barge notch. These
slots can be fabricated at several drafts to allow for different
ballast conditions. The tug and barge are held tightly together
by tensioned chains and the tug's sides are fitted with hydraulic
wedges to reduce vertical motions. The cost of the device to be
retrofitted on a 23,000 DWT barge pushed by a 7000 HP tug is
estimated to be less than $250,000. Model basin tests have
indicated that this system should be capable of' operating in the
push mode during any sea condition expected in its coastal trade.
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Figure 1.17

CABLE-LOC Loosely-Linked
3rd Generation OGTB 6ystem

Source: ANDUL Engineering, Inc.
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Commercia] Potential

The economic incentive for the development of these
loosely-linked OGTBs is discussed in detail in the next chapter.
It is their ability to provide 100% push-tow capability at little
additional capital cost compared to pull-towed systems that have
made them so popular. However, since most systems have not
operated for a long period of time, it is not possible to really
evaluate the commercial potential of one system over another at
this time. Additionally, it is not known whether these systems
are truly capable of push operation without damage in all sea
conditions. Although they seem capable of withstanding between
twenty and thirty foot seas, it is still questionable whether any
or all of them could survive a majo- storm. This may not be of
concern to most of the operators since their coastal trades allow
their vessels to seek shelter when unfavorable sea conditions are
expected. However, this may mean that none of the:. are
trans-ocean capable or even suitable for some of the Northwest
Pacific trades. On the other hand, if these systems are capable
of operating in heavy seas, then it should be expected that they
would penetrate these trades in the near future.

As for the cost of the linkage, it seems rather small,
probably less than $500,000. Additionally, all linkage systems
should not interfere in the use of the tug for independent
operation--for salvage, push-towing, or pull-towing. All of the
linkage systems allow the barge to operate at different drafts
without without major ballasting of the tug.

Military Potential

These loosely-linked OGTBs certainly have the potential to
be used in shuttling or coastal operatiors especially for the
movement of POL and vehicles from a coastal port to another
coastal port or from a super size ship to a shallow draft port.
They are proven capable of moderate speed operation (<16 KTs) and
should provide considerably more ton-mile capacity than
pull-towed systems due to this increased speed of operation.

Whether these systems are truly trans-ocean capable is yet
to be seen. If they are, then they would be very militarily use-
ful in that they could be brought to a warzone in almost half the
time that it would take if they were pull-towed. Also, if the
relative movement between the tug and barge is not too severe in
moderate sea states, then these OGTBs might be capable of replen-
ishment at sea operations as long as some safe connecting plat-
form and some power/fuel linkage could be designed between tug
and barge. Alternatively, the barge could be manned and any hab-
itability or weapons equipment could be powered by generators
onboard the barge.
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All of the loosely-lirked designs are capable of
d-op-ard-swAp operation. However, none of the systems in opera-
tion or being built are to be operated in this way since their
barges can be loaded/discharged in a very short time.
Unfortunately, none of' the linkages allow interchangeability of
tugs and barges among the different desigr.s. Only the
loosely-linked OGTL3*s of ar individual operator may be exchanged,
i.e., the two bludworth Dow Chemical systems, the two Bludwo'th
Union Carbide systems, o" the two Belcher Oil systems. Thus, the
potential use of this large commercial fleet of 3rd generation
loosely-linked OGTBs for military drop-and-swap operations is not
currently feasible.

With respect to mobilization, these systems could be newly
constructed several months before a ship of equivalent capacity
due to the concurrent construction of tug and barge in
specialized yards. One shipyard believes that a large OGTB of
this typ could be in operatio. in less than 18 months after
signing the contract, including engireering and design.
Retrofitting of these systems can be quickly and easily done for
any tug that can fit into the stern notch of a barge--2nd genera-
tion OGTBs would be of this type. Of course, if a stern notch
must be added or significantly changed so that the tug fits more
snugly, then retrofitting costs would be higher. Since today
there is no standard tug bow or stern notch shape, there is lit-
tle possibility of converting a large fleet of tugs and barges to
3rd generation loosely-linked operation with complete tug and
barge interchangeability without expensive modification to many
standard tug bows and barge notches.

Prior to proceeding to the next chapter one other mobiliza-
tion advantage of these and the other 3rd generation OGTBs needs
to be mentioned. This is with respect to their manning. It is
apparent that since these OGTBs can operate in trans-ocean trades
with no more than sixteen (mechanically-linked) or eleven
(loosely-linked) men, the mobilization of a large fleet of these
OGTBs will have a significantly smaller impact on the merchant
marine than the mobilization of a large fleet of ships. This may
be a very important consideration in times of scarce merchant ma-
rine manpower.
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ANNEX A TO CHAPTER I

TUG/BARGE MOBILIZATION MISSIONS (!)

This afternoon amidst all the discussions of the commercial util-
ity and institutional constraints impacting on the future of
tug/barges in foreign trade, it is -ather easy to overlook an im-
portant non-commercial application. My objective today is to
create an awareness and appreciation of the utility of
ocean-going tug/barges, specifically integrated tug/barges, in
the logistics support of U.S. military efforts.

The Declaration of Policy in the Merchant Marine Act of 1936,
begins:

"It is necessary for the national defense and development of
its foreign and domestic commerce that the United States
shall have a merchant marine ....

Note that "national defense" is mentioned first and remembe- that
MarAd's mission is to carry out this policy. The Maritime Admin-
istration must p-ovide shipping capability during a declared na-
tional emergency.

In 1974 MarAd established a "ship designs for mobilization" proj-
ect to develop modern ship designs for wartime production. The
resultant designs were intended to:

a. Improve shipping capability in wartime;

b. Replace wartime shipping losses; and

c. Meet postwar trading requirements.

Working closely with elements of the Navy, the Army, and the Mil-
itary Sealift Command we identified the design requirements, the
constraints, and the mission profile for the required mobiliza-
tion ship. The Maritime Administration design team then

(1) Remarks by Ronald K. Kiss, Director, Office of Ship
Construction, Ma'ritime AdmiristratiQn, o, March 26, 1979, at the
National Ocean-Going Tug/Barge Planning Conference held in New
Orleans on 26-27 March 1979.
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developed detailed preliminary designs for a number of optional
configu'atiors of a single hull form including a multi-pu-p-se
design, a jumbo version, an austere version, and a co .tairer
oriented version.

After these designs were well along, we received some well
reasoned suggestions to consider tug/barges for this mission and
began some preliminuay studies.

These four ship designs were presented for public review and dis-
cussion at a Government/Industry Mobilization Ship Conference
last November in Washington, D.C. This Conference was a valuable
forum resulting in copious detailed written comments and
suggestions on areas where the designs could be improved.

In addition we received some major guidance at the Conference
itself. First, the basic multi-purpose ship was too small for
anticipated commercial services, and the Navy and MSC also decid-
ed the larger ship was more desirable for logistics support..
Second, the anticipated 17 month construction period was much
longer than we had hoped, for rapid replacement of wartime ship-
ping losses.

Based on these significant conference results, the future steps
of the mobilization ship have been altered. The contract design
effort of developing detailed bidding plans and specifications
will be for a larger multi-purpose vessel with increased beam.
Concurrently we will be studying procedures for improving produc-
tion planning and procurement cycles to reduce the total con-
struction period. For example, Japanese yards indicate that less
than IL months would be required for delivery of this type vessel
in peacetime. It is our intention to identify the bottlenecks in
U.S. ship production schedules and seek to reduce the U.S. con-
struction time.

-The utility of tug/barges was also raised at the Mobilization
Ship Conference and they are of considerable interest. Especial-
ly in view of the just mentioned findings. Increasing the size
of the mobilization ship reduces the number of shipyards which
can be used to construct them. Thus there may be a need for an-
other design of smaller dimensions capable of being constructed
at smaller shipyards. The need to construct large numbers of
vessels in a minimum time period also enhance the attractiveness
of ocean-going tug/barges. This will be especially true if the
tug and barge can be kept as simple as practical given the mis-
sion requirements.

At this point in time, MarAd has prepared a number of concept
designs for mobilization ocean-going tug/barges. These will be
circulated within government, just as the present mobilization
ship was, for review and discussion of its role and its
desirability. Clearly the war scenario plays a major role in the
design process. Present requirements indicate high speed, 20
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kr.,t convoys will be used. As noted earlier, these 20 knot ships
are expected tD take nearly one and a half years to be delive-ea.
Or. the premise that some emergercy shippi.g may be contirued out-
side of convoys and that tug/ba'ges should permit earlier
deliveries, MarAd is pursuing this alternative. The tug/barge is
not a substitute for the mobilization ship in logistics support,
any more than it has been proposed as a substitute for a high
speed container liner but it does appear to have a mobilization
role.

Based on the foregoing, the design goals for a mobilization
tug/barge have been initially established as follows:

o Design for immediate replacement of lost shipping.
Here simplicity and ease of fabrication are essential to
insure a short production period. Minimizing regions of
hull surface double curvature and utilizing simple deck
machinery and cargo handling equipment are two specific

. n.eans towards obtaining this goal.

o Design for cargo handling flexibility.
Self-loading and unloading capability will be requi-ed to
allow the vessel to operate at ports with either sophisti-
cated or primitive facilities.

o Provide multi-pu-pose capability as a system.
This can be accomplished, and still meet -educed construc-
tion time goals, by having two or three standard designs,
each of different limited cargo handling capability.

o Finally, incorporate features to enhance commercial capability
Provision should be made in the design for carrying
anticipated commercial cargoes, which will not always be
the same as those transported in wartime. An alternative
in this respect would be a mobilization hull configuration
which could be easily and inexpensively modified at the
end of the conflict.

The ocean-going tug/barge has a number of attributes which make
it attractive as a complemert to the mobilization ship. Consider
first the problem of wartime production. Large coastal shipyards
are likely to be overloaded with naval work and multi-purpose mo-
bilization ship construction. Production time and expense could
be reduced through separate construction of tugs and barges at
specialized smaller yards not already operating at peak capacity.
For designs below the maximum size limitations of the Saint
Lawrence Seaway this could include facilities on the Great Lakes
or inland waterways.

Where tug/barges exist, but the barge is not suitable for
transporting the cargoes needed, new barges could be designed and
built to be compatible with existing tugs. A viable transport
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unit could be created without having to order long lead-time
machinery.

For new construction of tugs, and also some barges, the use of
existing designs and/or new standardized desigrs will help to
maintain low building time. Standardized designs would have the
added b*enefit of being specially configured to maximize construc-
tion efficiency.

In addition to production there are wartime operational
considerations that are also attractive. The increased
survivability accruing from the use of separable hulls will be a
significant benefit, provided the de-coupling time is short.

As a system, the tug/barge has the potential of each tug serving
more than a single barge. This is not normally done commercially
due to the fast on and off loading of the cargoes typically
carried, but may result in a decided advantage in military
operatior:s. With proper scheduling turn-around times could be
minimized, since the power unit can be de-coupled from the incom-
ing barge and connected to an empty for the return trip without
delays for cargo handling. This requires the tug to be totally
seaworthy in the disconnected mode.

Finally, at the end of the war all mobilization vessels would be
either taken over by commercial owners or assigned to the reserve
fleet. Where existing tugs or tug designs are used for mobiliza-
tion the postwar commercial utility would be already
demonstrated. It should also be less expensive and more produc-
tive to place barges in the reserve fleet than self-propelled
ships.

Cargo anticipated for wartime carriage includes military vehicles
and equipment, dry goods, food, and petroleum products. While it
has already been stated that a tug/ba-ge design need not have
complete multi-purpose cargo handling capability, the transport
system as a whole should be able to carry any cargo to any rea-
sonable destination. As a result, several tug/barge variations
will be required.

Mobilization tanker needs can be effectively met by existing
tug/barge and conventional tankers modified by installing
underway replenishment equipment. Therefore, a tank barge design
is not being considered- for design development.

However, concepts of a FO/RO barge (Figure 1.18) and a general
purpose dry cargo barge (Figure 1.19) are being reviewed. A
RO/RO vessel is the simplest and most efficient means to trans-
port military vehicles to a war zone. In addition, the
advartages ascribed to unitized cargo and quick unloading make
the RO/RO vessel well suited for valuable and high priority
items, such as electronics, aircraft spare parts, etc., which can
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be loaded in trailers o, containers on chassis. Large items of
urusual shape or size, such as helicopters or boats, car also be
accomm3dated .

Because an inexpensive and simple design is desirable, the RO/RO
barge will not be equipped with multi-purpose cargo handling
capability. In fact, the RO/RO barge has been constrained to
have only one self-contained off-loading ramp and a minimum num-
ber of internal ramps and watertight doors. The combination of
hatch covers, stationa-y ramps run ring through holds, numerous
watertight doors, and non-RO/RO cargo handling gear which charac-
terize a truly multi-purpose ship, is not compatible with short
and inexpensive constructor. The main deck has been designed as
the freeboard deck, there are no subdivision bulkheads
restricting RO/RO traffic. RO/RO stowage below the main deck has
not been provided to avoid the complication of watertight doors
in bulkheads and/or elevators.

Primary access is through a single forward ship-contained bow
ramp with wing doors. A bow ramp was selected in lieu of some-
what simpler side ramp to permit greater flexibility in cargo
discharging, including at-sea transfer to other vessels.

When this design originated a speed of 20 knots was set as a goal
mainly to determine if it was in the realm of practicability.
Therefore, a low displacement-length ratio and low prismatic co-
efficient were necessary. To obtain these hull coefficients no
provision was made for cargoes other than roll-on/roll-off
(thereby keeping displacement low) and as a result there are ex-
tensive void spaces below the main deck. Ultimately the service
speed with 18,000 HP and a 25 percent power margin was estimated
-to be approximately 19 knots. The actual required speed is, in
my opinion, still an open issue.

The purpose of the dry-cargo barge is to transport containers,
neo-bulk, break-bulk, or dry-bulk cargoes. Flexibility for
handling these cargoes can be obtained in a variety of ways, not
all of which are compatible with mobilization goals. As a gener-
al guideline in keeping with the objective of uncomplicated
design, the cargo handling system does not include items such as
mechanized hatch covers and large sophisticated cranes. The
dimensions of the barge make it suitable for transitting the
Saint Lawrence Seaway to and from the Great Lakes.

A service speed of 1 knots with 7,000 HP was estimated. At
18,000 HP the service speed would be around 18 knots.

For commercial purposes the hold configuration can be matched
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with more sophisticated cargo handling equipment if desiruble,
such as the rotating crane shown on the mobilization ship
earlier. (Figure of mobilization ship not included.)

The tug design and the linkage remain open issues. A special
study will be necessary to fully develop a tug design which will
be best .suited for mobilization construction. Objectives for
this tug design will include:

o Quick and inexpensive fabrication including machinery
availability

o Seaworthiness without a barge

o Ability to be utilized for conventional tugboat purposes,
for example, towing, marshaling ships and barges, aiding
.n docking and undocking, and lastly

o Postwar commercial utility

In conclusion, the tug/barge has the potential to perform an es-
sential role in the event of a mobilization effort. This role
will consist of providing quickly available shipping capacity in
the early stages of a conflict and also supplementing the
services of the mobilization ship with single vessel sailings
throughout the duration of the war.

The government is now examining alternative barge and tug
configurations.

The eventual goal, after the completion of the preliminary
desi'gns, will be the development of a set of contract plans and
specifications hopefully followed by construction of a prototype.

During the workship discussions tomorrow and in your independent
development of the tug/barge concept I would urge you to keep the
mobilization mission in mind. We believe ocean-going tug/barges
have e place in that mission and proper planrirg and development
will assure that that place is filled.
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ANNEX B TO CHAPTER 1

ABSTRACTS OF MILITARY SPONSORED RESEARCH ON OGTB'S
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STAYPOWFR: SYSTEM OF TRANSPORT AFLOAT YIELDING
PIVOTAL POWER THROUGh WELL BALANCFD AND ECONOMIC RESUPPLY

by

U. S. NAVY
Commander, Service Group One

30 June 1977

The STAYPOWER study examines the feasibility of increasing
fleet readiness for worldwide operations while sharply reducing
attendant support costs. The concept entails introductior of
integrated tug-barge units to perform interface, storage and
transportation functions now performed by fixed advanced bases
and UNRE" shuttle ships (AO, AE, T-AO). The integrated tug-barge
units would utilize proven hardware such as those already
constructed and in operation under INGRAM or CATUG patents.

The barges would have tanker hulls fitted to carry standard
containers on deck, disposed so as to permit destuffing at sea.
Large merchant tankers and self-sustaining container ships would
offload directly to the barges in a sheltered anchorage. (In the
absence of self-sustaining capability, a floating crane would be
required to handle containers). The loaded barges would be moved
as needed by an integrated tug to the task force operating area
where it would consolidate with an AOE/AOR "station ship", using
the station ship's rigs; isolated units, detached from the task
force, would be replenished using a fuel rig and a cargo rig
installed on the tug. Number of barges required is related to
predicted pipeline ship capacity and arrival frequency; number
of tugs needed is related to shuttle resupply requirements for
supported task forces and detached units. Fork trucks would be
used for destuffing containers aboard the barge during consolida-
tion with the station ship. An AFS could be used to manage in-
coming and outgoing cargo at the advanced anchorage interface.
Crew size of the tug would not be adequate for major
consolidation; the station ship would provide personnel to man
the barge evolution during consolidation.

The study concludes that the STAYPOWFR integrated tug-barge
concept is feasible and that a shuttle force comprised of such
units is potentially an extremely attractive alternative to cur-
rent and projected shuttle ship forces in terms of cost, manning,
and primary mission accomplishment. The attractiveness of the
integrated tug-barge shuttle unit justifies further development
of that concept through detailed technical feasibility design and
costing studies.
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NAVAL APPLICATIONS
OF

OCEANGOING PUSH TUG/BARGE (MULTI-SECTION SHIP) SYSTEMS

by

Seth Hawkins
Naval Ship Research and Development Center

Report 4224--July 1973

This report documents the results of a study to analyze a
surface ship concept of interest to the U.S. Navy; of interest
because it saves money, uses fewer people, increases operational
flexibility, and requires little developmert time or money. The
concept is that of a multi-section ship and is derived from what
are called, commercially, ocean-going push or integrated
tug/barge systems. Systems of this type are analogous to tractor
trailers in the trucking industry.

By utilizing a rigid type linkage it is possible Ve-approx-
imate conventional surface ship speed-power and other measures ofI performance for all but the highest speed naval surface ships
such as destroyers, escorts, cruise-s 'and aircraft carriers.
Thus, the concept appears to be applicable to a wide variety of
existing naval support missions.

Dollar savings from utilization of the multi-sectior ship
concept would arise due to lower system first-costs, lower per-
sonnel costs because of fewer personnel, more efficient use of
equipment (pusher unit power plants), and increased maintenance
flexibility. Operational flexibility is enhanced since the
motive-force part of a ship system can either remain with the
functional unit or proceed elsewhere with another functional
unit. Technically, it is concluded that little stands in the way
of designing such a system today.
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MULTI-SECTION SHIP FEASIBILITY

AND CONCEPT DESIGN STUDY

by

Carlos Tomassoni, Logan Sharrah,
Thomas Sauer, Horton Lain

and John Slager
HYDRAUTICS, INCORPORATED

Technical Report 72214-6 March 1974

Certain technical problem areas are addressed involving the
use of the multi-section ship (MSS) concept for naval ships. The
MSS concept involves the construction of a ship in two distinct,
separable parts, a pusher unit and a functional unit. A standard
pusher unit is determined to be feasible for all missions not
requiring high speed (above 20-22 knots). One such standard
pusher is synthesized and examined in detail as to
characteristics, performance, manning and costs. The use of the
standard pusher with three selected functional units replacing
conventional ships--a submarine tender, a replenishment oiler,
and an attack cargo ship--is investigated. The differences are
noted between the MSS versions and their existing counterparts
with respect to size, speed, manning and cost.

Potential problem areas in the application of the concept
are identified, studied, and evaluated (i.e., manning, power
supply, fuel storage and handling, auxiliary propulsion
requirements, coupling and uncoupling maneuvers). No unsolvable

* potential problem areas are found that would preclude the suc-
cessful application of the concept to naval support missions.
The capability of the pusher unit is also examined. Four such
representative missions are intelligence gathering,
anti-submarine warfare, surface warfare and mobile hospital.
These missions are accomplished by using modular equipment
mounted on the pusher. The performance of the missions is con-
sidered acceptable with no detrimental effects on the pusher.
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DEFENSE UTILITY OF COMMFHCIAL VESSELS AND CRAFT

by

COMMITTEE ON DEFENSE UTILITY OF COMMERCIAL MARTIME ASSETS
MARITIME TRANSPORTATION RESEARCH BOARD

of the
NATIONAL RESEARCH COUNCIL

1979

This report identifies military functions requi-ed in
contingencies whose performance may requi-e the use of vessels
and craft that are not formally included in current contingency
planning: and identifies the types, characteristics, and poten-
tial ava. lability of vessels ard craft that appear to have utili-
ty for these functions. Its scope excludes (a) vessels owned or
operated by the Department of Defense and the Coast Guard; (b)
oceangoing commercial cargo ships, which already are included in
national contingency planning; and (c) foreign-owned vessels.

Vessel types included are: ocean-classed tugs,
ocean-classed barges, crane and derrick barges, offshore service
and supply vessels, drillships and semisubmersibles, five
categories of fishing vessels, oceanographic research vessels,
dredges, floating drydocks, motor yachts and small craft,
passenger-vehicle ferries, marine salvage vessels, and advanced
marine vehicles (air cushion vehicles, surface effect ships, and
hydrofoils)

oudThe report identifgies 13 general military functions that

could be filled in whole or in part by the types of vessels stud-
ied and provides eight basic information sources to military
planners and concerned industry personnel. Three summary tables
permit quick identification of (1) the relative suitability of
vessel types for each general military function, (2) the relative
essentiality of vessel capabilities for each military function,
and (3) the relative capabilities of each vessel type. The re-
port also provides (U) a general description of each industry
sector, covering basic vessel uses, manning, commercial
arrangements, geographical distribution, and availability; (5)
Vessel Characteristics forms that summarize, for each vessel
class, typical characteristics that are important for evaluation
by military planners; (6) general layout drawings or
illustrations of most of the vessel classes; (7) a listing of
principal vessel owners, operators, and industry associations,
with addresses, from whom more specific information can be
obtained; and (8) a selective bibliography of further vessel in-
formation sources.
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CHAPTER 2

OGTB COMMERCIAL ECONOMICS

In Chapter 1 a brief history of OGTB systems was given with
some mention of the economic incentives for their development.
The impression was given that 3rd generation OGTBs were, except
for high speed and large unit capacity trades, very satisfactory
and ine.pensive ship replacements. However, ships of OGTB size
and speed are still being built, so either there are a lot of
misguided ship operators or OGTBs may really not be so attractive
as they first might seem, for certain types of trades. In this
chapter the pros and cons of OGTBs, push and pull-towed, will be
discussed in comparison with ships. This will be followed by a
brief discussion of the economics of the different modes of OGTB
operation. And, this will be followed by a discussion of the
possible future of OGTBs in U.S. maritime commerce.

2.1 Economic Comparison of OGTBs with Ships

pTo explain why ships and OGTBs of various linkages are be-
ing built today, the economic advantages and disadvantages of
each system must first be compared. This is done by different
cost/operational categories in the following subsections. For
the reader's benefit a summary of these comparisons is provided
in Table 2.1.

2.1.1 Manninrg Size (Refer to Annex A)

The crews onboard U.S. flag ships at the end of 1977
averaged between 30-4O men. Although recently crew sizes have
decreased, few ships of over 1000 GRT are manned with less than
25 men. Only a few tank ships are manned with less, notably the
35,000 DWT Chevron gas turbine tankers which are manned with 17
men.

Mechanically-linked OGTBs have been manned with crews of
approximately fourteen men. There are three reasons why these
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Table 2.1

Economic Corparison of OGTBs and Ship

by Cost/Operational Category

Cost/Operational Ship Mechanically- Loosely-Linked
TB  Pull-Towed

Category Linked OGTS OGTB OGT

Manning Size Highest (20-30) Intermediate Lowest (7-11) Same as Loosely-
(13-17) Linked

Coast Guard Crew Most Same as Ship Few Requirements Same as Loosely-
Licensing Requirements Stringent (unattended Linked

Engine Room)

Union Control Strong Weak Almost None
Over Manning

Crew Costs Highest Intermediate Lowest

Coast Guard Most Same as Ship Apply to Barge
Inspection Stringent Only
Recuirerents

Preeboard Ship Rules 25% reduction for Same as Mechanically-
Unmanned Barge Linked OGTB

Construction Highest Somewhat Less Somewhat more Lowest
Costs (70-90%) than Than Pull-Towed

Ship OGTBs

vuel Cost at Least Intermediate (-5% Intermediate Greatest
a Given Speed more than Ship) (10-15% more than (-30% more than ship)l

, Ship)

Operational Most safe About the same Somewhat loss safe Least Safe
Safety as Ship than mechanically

_ _ _ _ linked OTB
" Cargo Insurance MO.

Cost Lowest About the same rrobably somewhat Hichest
C as Ship more than mechni-

cally-linked OGTB

Hull & Machinery Highest Somewhat less Somewhat more Lowest
Insurance Cost than Ship than Pull-Towed

OGTB

Protection & Indem-
nity Insurance Cost Highest Intermediate Intermediate Lowest

Maintenance & Repair Lowest Intermediate Intermediate Highest
(Not performed by cresi

Flexibility Least Little less Flexi- Little less Flexi- Most
ble than Lossely- ble than Pull-Towed
Linked OGTB - rT_.
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systems, although Coast Guard inspected and certificated, have
substantially smaller crews than ships of equivalent dedw'ight.

The first reason is because their enginerooms are highly
automated, typical of diesel tugs, so that they are classed for
unattended service. This means that only a Chief Engireer, an
Assistant Engineer, and another Qualified Member of the
Engineroom Department are normally required for engineroom staff.

The second reason is that since the barges are classed as
unmanned for the purpose of freeboard reduction, no crew is
permitted or them for maintenance while underway. This allows
the deck department to be reduced to the Master plus nine men who
are used primarily for underway watch standing.

The third reason why these mechanically-linked OGTBs have
such small crews is because when they first came on the scene the
crews were either non-union or company union members.
Consequently, they did not pressure the owner to increase the
manning level to match the national ship union manning scales.
Additionally, they were permanently assigned to the same vessel
which increased their familiarity with the ship, resulting in
improved productivity and the need for fewer personnel. Later
when other systems came into operation, the pattern of small
crews had been established so that the national unions accepted
them even when manned with their personnel. Besides, the large
unions probably have come to the realization that if they attempt
to inflate the crew sizes, the operators will tend to invest in

the loosely-linked designs which require even fewer personnel.

Loosely-linked 3rd generation OGTBs and pull-towed OGTBs
have even smaller crews. Since their tugboats are uninspected
and usually under 200 GRT, there are practically no international
or Coast Guard regulations pertaining to their manning. Thus,

.they can operate with two watches, usually of three men each on
voyages of less than six hundred miles and three watches on
longer voyages. Consequently, crews range from seven to eleven
men.

To see how the different OGTBs and ships are currently
manned, the reader may refer to Table 2.2. There the manning
levels by rate are given for typical tank OGTBs and ships.

2.1.2 Coast Guard Licensing Requirements (Refer to Annex A)

Ships must have officers licensed in accordance with Coast
Guard regulations. The deck officer knowledge and experience
requirements differ somewhat as a function of the gross tonnage
of the ship. Likewise, the engineering officer requirements dif-
fer somewhat as a function of the type and size of plant.

2-3
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Mechanically-linked OGTBs must also have licensed deck and
engineering officers. The master and mate requirements are row
based or the combined gross tonr.age of the tug and barge, so that
they are essentially the same as for equivalently sized ships.
Engineering officer requirements are the same as those for diesel
ship plants of the same horsepower.

Loosely-linked 3rd generation and pull-towed OGTBs

(including 1st and 2nd gereration push-towed systems) have rela-
tively few requirements for the crews if the tug is less than 200
GRT. The deck watch officers must only be a certified Operator
or Second-Class Operator of Uninspected Towing Vessels. These
Operators are required to fulfill substantially less stringent
knowledge and experience requirements compared to the licensed
officers onboard the mechanically-linked OGTBs. The Coast Guard
does no, even consider the-se certificated men as officers.
Engineers, if included, require no license at all. The only re-

quirement or the crew overall is that 65% of the crew must be
certificated as AB or above. It should be mentioned that many of
the tug and barge operators, for the sake of safety, do hire
licensed personnel and urge their crewmen to become licensed.

2.1.3 Overall Crewing Costs

Given the above information concerning manning levels and
licensing requirements, it is apparent that ships, having the
largest crew sizes and the most stringent licensing requirements,
will cost the most to man. Mechanically-linked OGTBs cost sub-
stantially less (probably at least one-third less) to man because
they have crews that number almost half that onboard the
equivalently sized ships. And, loosely-linked OGTBs cost sigrif-
icantly less to man than their mechanically-linked counterparts
sirce they can again reduce their crews almost by half. The crew
that does remain onboard has practically no licensing
requirements and so can be paid a lower average wage. One
tug-barge operator has estimated that he saved at least $600,000
in crewing expenses by having a loose rather than mechanical
linkage in his OGTB system. Such saving in crewing expenses cer-
tainly provides strong incentive for mary shipping operators to
invest in OGTBs, especially of the loosely-linked variety.

2.1.4 Capital Construction Costs

In this subsection the construction costs of large OGTBs
(greater than 10,000 DWT) and ships of equivalent capacity and

speed are compared in relative terms. That is, the features that
make one system inherently different and more or less costly than
another is discussed. In addition, one shipyard's estimate of
the construction cost of the different systems is provided in An-
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rex B. rom this Annex the reader can get some appreciation of
the actual pricetag for the differences among the various
systems.

Certainly, the cheapest systems to construct are the hawser
or pull-towed OGTBs. The tugs are the least expensive of the
powering units to build since they are of standard designs that
can be built at a great number of small vessel const-uction yards
and without Coast Guard inspection. As these types of yards spe-
cialize in small boat construction, they do not require expensive
building docks or ways. This allows their overhead costs to be
significantly less than those of multi-purpose shipyards. The
barges, except for the very largest, car also be built in
specialized barge construction yards. These yards also have
rather low overhead costs since barges, having little outfit ma-
terial and machinery, can be built with lesser skilled workers.
Additiorally, since pull-towed barges can make only slow speeds,
they can be designed with very-simple hull lines with very little
curvature. This means that most of the barge can be -educed to
simple flat plate and frame construction which allows for
inexpensive automated fabrication techniques. And finally, the
linkage between the tug and barge is the cheapest of all systems,
being only a towing winch and wire. For all of these factors,
pull-towed OGTBs cost the least to construct.

Almost as inexpensive to build are the Ist and 2nd genera-
tion push-towed OGTBs. The tugs for these systems are still of
standard designs. They require little additional hardware, pos-
sibly some extra bits and fairleads, for wires linking the tug
and barge during push-tow operation. The deeper notch systems
may also have some additional equipment to reduce heave or pitch
in moderate seas. As for the barges, their notch will make them
a little more expensive to build. But, the notch and other link-
age costs should not add more than a couple of p e'tent to the to-
tal cost of the system.

The loosely-linked third generation OGTBs will be somewhat
more expensive to build than their 1st and 2nd generation
counterparts. The tug, although of basically standard design,
may require some special care in the fabrication of its hull form
so that it mates closely with the barge notch. The tug may also
require special modification to accommodate the machinery for the
linkage devices. The barge cost should also be a little more ex-
pensive to build than its Ist and 2nd generation counterparts
since its notch has to be built with closer tolerances to match
the tug bow. Its notch also requires considerable reinforcement
to accommodate the forces generated from operation at higher
speeds or from severe sea conditions. Also, since these
loosely-linked barges are normally operated at significantly
greater speeds, their hull forms will require more shape and cur-
vature to reduce hydrodynamic resistance, increasing their cost
even more. The linkage will also be substantially more
expensive. For example, in most systems the tugs will have some
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cable/wire tensioning device to keep the tug snug in the rotch.
Additionally, some type of fiction device that daipr.s th3 tug's
motions in the notch is usually provided. The cost of these
equipments can range from $250,000 to $1O0,O00. This is in addi-
tior to a towing winch which is usually also installed on the
tug for emergency pull-towing purposes or for inc-easirg the op-
erational flexibility of the tugboat. Thus, though
loosely-linked push-towed OGTBs are built with uninspected tugs,
they are quite a bit more sophisticated and approximately 5% more
expensive to build than systems designed nainly for pull-towirg.

The mechanically-linked OGTBs are sustantially more expen-
sive to construct than the other OGTBs. This is primarily be-
cause they come under all of the extensive construction
requirements inherent to all vessels inspected by the Coast
Guard. These requirements are designed to ensure that inspected
vessels are as safe as possible--but safety costs money. For
example, having redundancy in and/or a larger size of steering
gear is certainly a nice safety feature, but it makes an
inspected tug more expensive compared to its uninspected
counterpart. Also, since inspected tugs have much larger crews,
they require more accommodation facilities, increasing their cost
more. And, since these tugs are designed for 100% push
operation, the visibility requirements of the tug's pilothouse is
based on the tug-barge combination. This may force the tur to
have a very tall pilothouse which nay have to be co!npensated by a
costly ballast system to ensure adequate tug stability and
comfort. Additionally, the tugs are often of very non-standard
and sophisticated designs. The CATUG and B-eit/Ingram designs
are certainly good examples of such sophistication. This results
in their cost being considerably higher than a standard design
tug with equivalent horsepower. For all of the above reasons, it
is apparent that the tugs of mechanically-linked OGTBs should be
considerably more expensive to construct than the the tugs of
other OGTBs.

The barges of semi-rigid mechanically-linked OGTBs should
rot be much more costly than their loosely-linked counterparts.
They require only some additional expense for the engineering and
fabrication of the notch to ensure it is built to the close
tolerances required by the linkage. The barges of rigid
mechanically-linked OGTBs should be somewhat more expensive to
build than those of their semi-rigid counterparts because they
must be built with heavier scartlings in accordance with ABS
rules. The linkage of any mechanically-linked system will cer-

tainly be a very expensive affair. The cost may range from
$1,000,000 for a semi-rigid linkage to more than twice that
amount for the rigid linkages. In all cases, the systems require
special hydraulics for establishing the linkage and some form of
quick release mechanism to provide emergency separation.
Certainly, all of the above considerations make the
mechanically-lirked OGTB systems considerably more expensive to
build than the other OGTB systems.
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Ships, however, are the most expensive vessels bo build.
Probably the maj ' reaz.n why they cost sO much ;rie To constru :t
than me.2harically-lirked OGTBs is because they are built in ger-
eral purpose shipyards. The lack of speciaizatior of these
yards forces them to construct ships with higher overhead rates
than. those available from' the more specialized tug and barge
yards. This increased overhead seems to outweigh the linkage
costs incurred by constructing the vessel as a
mechanically-linked tug and barge. Fven in the case that a ship
and a mechanically-lirked OGTB with identical cargo handling
equipmert and carrying capacity are built in the same yard with
the same overhead rates, there are some reasons why ships might
cost more to construct even though they need no expensive
linkage. First of all, since ship crews are almost double that
onboard mechanically-linked OGTBs, ship accommodations will be
considerably more expersive. Secondly, ships carrot take advan-
tage ol the 25% f-eeboa-d redction allowed by the 1966 Interna -

tional Convention on Loadlines for unmanned barges. This
increases the depth and therefore the cost of weight limited
ships by a few percent. Also, ships carrot take advantage of the
less heavy scantlings allowed by ABS rules for  the semi-igid
mechanically-linked OGTBs. This increases the ships' hull weight
and cost by a few more percent.

And finally, another important consideration that makes
ship construction more expensive is the time value of money.
That is, tugs and barges can be built concurrently and delivered
several months earlier than a ship built in a single yard. ()
In this time of high inflation, such early delivery may result in
several hundred thousand dollars reduction in capital interest
expenses to both the shipyard and the vessel owner.

It should also be mentioned that shipowners usually spe2ify
considerably more sophisticated outfit equipment onboard ships
than that commonly used on OGTBs. For example, tank barges usu-
ally have deep well pumps for their cargo handling equipment
while ships normally have more expensive internal piping systems.
Such "gold-plating" of ship outfit equipment increases a ship's
cost substantially without adding any major real benefit--at
least in the OGTB operator's point of view. In any case, all of
these factors combine to make OGTB construction from 15% to 30%
less expensive than ship construction for vessels of similar
deadweight capacity and speed.

(1) This assumes that the ship is not built with mdern modla
construction practice as will usually be the case when the yard
receives an order for only one or two vessels. This is because
the engineerirg costs r'equired in modularization is worthwhile
only for large series construction.
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2. 1.5 Fuei_.Fxperses

The tiusr fuel efficient way to move a giver amount of cargo
at a given speed at sea is by ship. This is because the ship's
lines and propeller are desigred to provide the designed speed
with the minimum engine power. Care is taken to ensure that the
hull f,.)om produces the le3st amount of hydrodynamic resistance
and provides good flow to the propeller.

Rigidly-linked OGTBs are designed to have hull forms simi-
lar to those of ships. That is, when linked together the tug and
barge lines are designed to join into smooth ship-like lines.
Although the match is not perfect, the hydrodynamic resistance of
these OGTi3s should be ro more thar 5% greater than for a ship of
equivalent size driven at the same speed. Consequently, fuel
expenses for these OGTBs should not be more than 5% greater than
for ships.

Semi-rigid and loosely-linked OGTBs have tugs that resemble
the more standard tug forms. Thus, when the tug and barge are
mated, the lines of the two vessels do not match well, particu-
larly if there are significant draft diffe-ences between the two
units. This results in turbulence being generated at the linkage
area and in disturbed flow to the tug's propeller. These effects
might cause the resistance and power requirements of these OGTBs
to be up to 15% greater than for ships of the same size and
speed. This 15% figure is based on the model test results
presented in Robinson (1976). Since these tests were conducted
o n rather crude forms, the increased resistance estimates may be
high. In any case, linkage fairirg flaps car be designed to re-
duce this added resistance by several percent. Unfortunately,
practically no hydrodynamic model test results fo, currently
operating semi-rigid and loosely-linked OGTBs have been published
so the true amount of additional resistance caused by various
linkage designs is not known.

1st and 2nd generation OGTBs probably have even more link-
age drags than the deeper notched loosely-linked OGTBs when in
the push-tow mode. Unfortunately, there is again no hyd-odyramic
resistance data available for these systems so the resistance and
fuel consumption penalties incurred by them car only be guessed.
Yet, at the slow speeds at which these OGTBs are usually
operated, this fuel penalty is probably not significant.

Certainly, the least fuel efficient OGTB system is the
pull-towed variety. Here, both tug and barge forms develop waves
so that the total wave making resistance of the tug and barge
exceeds that which would be developed if the tug pushed the
barge. Additionally, barge skegs required for barge stee"ability
and the hawser wire add frictional resistance drag. Thus, the
pull-towed tug barge system will usually require at least 12%
more power to pull than push the same barge form at the same
speed. Although considerable work has been done on reducing the
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resistance of barge skegs, there has been little work on thu -e-
sistance developed by the total pull-towed tug-barge systern. On-
ly crude resistance algorithms are available to provide the
tug-barge operator an estimate of what horsepower is needed for
moving a given barge tow at a given speed.

Giver the above information about push and pull-towing fuel
efficiency, it is apparent that the fuel costs of 1st and 2nd
generation OGTBs depend on the percentage of time the tug is
pushing or pulling, fuel efficiency improving in proportion to
the amount of pushirg. And, it should be remembered that due to
the control and handling difficulties involved, only barges of
less than 20,000 DWT are usually towed for ocean voyages and at
speeds lower than 10 knots. Higher speeds are impractical be-
cause of the severe frictional and drag resistances developed by
the pull-towed system.

2.1.6 Operational Safety

There is no doubt that pull-towed OGTBs are inherently less
safe than any other ocean transport system. The tug only has
tenuous control over the barge. If the tow wire is severed, the
barge may not be recovered before it is grounded or wrecked, par-

ticularly in bad weather. If the tug loses power, it may be run
over by the barge. And, if the tug has insufficient reserve
power, it may be dragged into trouble by the barge when seas or
winds are severe. Certainly, the tug captain has much less
maneuvering control over his barge when pull-towing rather than
push-towing.

In principle, mechanically-linked push-tow operation should
be as safe as ship operation. However, there are some
differences between the two operating methods. Ships may be con-
sidered safer in some respects because they are usually manned
with larger crews which can provide more emergency and
firefighting manpower. Also, ships usually are provided with
more extensive fi-efighting and ballasting/deballasting equipment
than that onboard unmanned barges. On the other hand, tug-barge
systems may be considered safer because their separability allows
either unit to be used as the lifeboat of the other unit in the
case it must be abandoned. As the damage or causes of damage on
tankships usually occur in the cargo section of the ship,
separability of the manred machinery section, the tug, may be
assumed to provide an additional safety margir.

The other push-towed OGTB systems may be considered a lit-
tle less safe than the mechanically-linked ones. This is because
the crew is smaller, providing less firefighting or other emer-

gency manpower. Also, since the tugs are uninspected they are
not subject to many of the more stringent safety equipment
standards pertaining to inspected vessels. Additionally, when
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1st and 2nd generatin systems ae in the pull-tow mode, they a-e
subject to the same u:;afe conditiors as other pull-towed OGT13s.

2.1.7 Mairterarce and Repair Costs

The maintenance and repair costs of any ocean going vessel
will depend or the mairterance policy of the operator. The bet-
ter maintained the vessel, the less the casualty repair costs.
Maintenance car either be provided by the onboard crew or by
shoreside personnel.

It has long been the philosophy of ship operators to have
the personnel onboard do most of the ship's preventative and cor-
rective maintenance. This makes quite a bit of sense if the ship
is deployed on long voyages to ports far from the operator's home
base. Shipside personnel can then take care of almost ary casu-
alty so that expensive repair delays away from home port car be
reduced to the minimum.

Tug and barge operators, on the other hand, have opted to
reduce their vessel crews to the minimum reeded for ope-ations.
They have found it economical to leave most maintenance to less
costly shoreside engineering personnel. This is a reasonable
policy when the OGTB system makes short voyages to ports where
shoreside personnel are readily available. If the mairtenarce
cannot be accomplished without delaying the sailing, shoreside
personnel are .then sometimes embarked onboard the tug to accom-
plish tug maintenarce. It should be remembered that since the
barge is normally classed as ar unmanned vessel, no routine main-
tenance ard repair can be done on it while underway at its un-
manned freeboard. This may not be a problem since practically no
barge equipment is used while underway.

Given the above arguments, it would be expected that main-
tenance and repair costs of ships and OGTBs would be the least
possible for their traditional trades. The question is raised
what happens to these costs if OGTBs are sent on long voyages
without additional maintenance crew or if ships are operated in
short coastal trades. It would seem plausible that OGTBs !night
be insufficiently maintained by their small crews if they contin-
ually remain or long distance trades. This would result in ex-
pensive casualties and/or frequent scheduled maintenance delays.
Whether this is the fact may only be determined after systems
like the Occidental CATUGs have operated for some time or trans-
oceanic trades. On the other hand, coastal ships might be quite
overmanred if adequate maintenance can be provided by less costly
shoreside pe-sornel as it is done for OGTBs. Whether this is the
case may be dete-mined from the maintenance and repair history of
the large coastal OGTBs. But, since most coastal systems are or-
ly a few months old, it will be some time before it can be deter-
mined whether these OGTBs are adequately maintained to p"evert
expensive casualties or deterioration in the long term.
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2. 1.8 Insurarce Cost ,

Marine irsu-arce is made up of several diffe"e.t pr'niufns:
cargo, protection and indemnity (P&I), and hull and machinery
(H&M). Insurance rates are determined by the underwriters, pri-
maily from the operators previous operating record. (2)
However, the diffe-ent OGTB systems and ships have some inhe rnt
differences that affect insurance cost. These are discussed
below.

First consider cargo insurance where premiums are ultimate-
ly based on the safety record of the vessel as well as the value
of the cargo. Since pull-towed OGTBs are inherently less safe
than othe, OGTB modes, cargo insurance premiums for these systems
are usually significantly higher, sometimes twice that for ships.
The push-towed OGTBs have, based on their good safety records,
cargo insurance premiums about the same as for ships.

Protection and Indemnity insurance *is marine liability
insurance. It is predominately a function of the crew size since
the larger the crew, the greater the risk of a crewman being
injured. Since ships have the largest crews, they would have the
largest P&I premiums. Conversely, the uninspected tugs of
loosely-linked or pull-towed OGTBs have the smnallest crews and
thus the lowest P&I premiums. The premiums for
mechanically-linked OGTBs would fall between those of ships and
unirspected tugs since their crews are of intermediate size.

Hull and machinery insurance protects the operator against
casualty or damage to his vessel's hull and machinery. Its pre-
mium is a function of the vessel's market value which is usually
a function of the its capital cost. Since ships have higher cap-
ital costs and market values than OGTBs, they usually experience
the highest premiums. It should be mentioned that H&M insurance
is also a function of the repair and maintenance policy of the
vessel. The better maintained vessels experience fewer
casualties resulting in lower H&M claims and premiums. Thus,
OGTBs with insufficient crews to maintain them could have such
severe repair problems that they will have larger H&M premiums
than other more costly and better maintained vessels.

It should also be added that pull-towed systems are also
subject to a tower's legal liability insurance. This insurance
protects the operator from any damage caused by the barge if the

(2) Since cargo insurance is paid by the shipper to protect him-
self against loss or damage of his cargo, its premium is based on
the shipper's rather than the operator's record. However, if the
shipper predominately uses a particular OGTB system type, his
cargo insurance premium will reflect the operating record of the
operator.
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tugboat loses control of it during a voyage. Its premium depends
on the safety record of the operator and the type of cargo.

2.1.9 Flexibility

Up to this point we have considered an OGTB as a system of
one tug and one barge operating in a shiplike mode, that is, with
the tug and barge remaining linked together at all times.
However, OGTBs do have the advantage of being able to separate
the propulsion component--tug from the cargo component--barge.
This flexibility may be advantageous for several reasons. The
primary advantage is that it allows tug and barge systems to op-
erate in the same manner as truck tractors and trailers where the
propulsion component drops and swaps the cargo comporents. The
trades for which this type of operation is advantageous will be
discussed in detail in Section 2.2.

There are several other reasons why tug and barge
separability provides useful system flexibility and cost savings.
For example, if either a tug or a barge of a system requires
repair, the other operating component can be utilized if there
are other interchangeable operational components in the overall
system available to be mated with it. Also, only the component
that requires repair will need to be drydocked for hull repairs.
This will result in significant savings if the small-sized tug
reeds such repairs more often than the large-sized barge.

Separability also provides flexibility in the long term in-
vestment policy of the operator. It allows him to trade, scrap
or convert a barge if it becomes obsolete or unprofitable and re-
place it with one that can operate profitably with the same tug
unit. Or, the tug component of many of the OGTB designs car be
sold or operated as an irdeperdent ocean-going tug for
pull-towing, salvage, or other purposes. Certainly, such flexi-
bility allows the OGTB operator many more options than that are
available to the ship operator. It ever allows separate owner-
ship of the tugs and barges.

It should be remembered that as the linkage design becomes
more sophisticated, less flexibility is allowed by the system.
For example, the most flexibility is provided by pull-towed
OGTBs. Any tug of sufficient horsepower can pull any barge.
Additionally, since the tugboat is in front, it will not experi-
ence any of the pilothouse visibility problems incurred by the
push-tow operators when pushing barges with tall deck cargoes.
2nd generation and loosely-linked push-towed OGTBs are not so
flexible. Althoug-h the tugs and barges are capable of pull-tow
operation, the barges can usually only be pushed by tugs and
barges designed for their notches. The tugs and barges of
mechanically-linked OGTBs, except for the ARTUBAR system, are rot
designed for pull-towing. The the tugs are -estricted to pushing
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barges designed for their linkage zystem or to salvage
operations. But, ever these systems have the advantage over
ships of having either the tug or barge as the lifeboat 6'or the
other vessel in case of emergency.

2.1.10 Overall Economic Comparison of OGTBs and Ships

After reviewing the comparison of the various OGTB systems
and ships by cost/operational categories shown in Table 2.1, some
generalizations may be made concerning the trades for which a
particular system might be most appropriate. Such
generalizations are provided by vessel types in the paragraphs
below.

Pull-Towed OGTBs: These types of OGTBs are the least expensive
to construct and man but are also the least fuel efficient at
sea. Thus, they are most appropriate for trades with short dis-
tance voyages where sea time is not a large, proportion of the to-
tal voyage time or where speed is totally unimportant as in the
transport of constructed facilities. In these trades the extra
fuel costs are outweighed by capital and crewing savings. These
systems are also the most flexible to operate since any
ocean-going tug of sufficient horsepower can be matched with ary
barge. Thus, operators with large multipurpose tug and barge
fleets tend to favor this towing mode. It allows them to use the
same tug for towing cargo barges, for moving oversize construc-
tion equipment without visibility problems, and for salvage. If
necessary, they can charter in or out their tugs and barges from
or to other operators without worrying about the linkage match.

1st Generation Push-Towed OGTBs: These are basically pull-towed
OGTBs with the addiuional capability of push-towing with any
standard tug in calm waters. This ability to push in congested
waters rather than taking the barge on a short wire makes these
OGTBs much safer. If the hardware and/or shallow notch of these
systems does not interfere with the barge's operational
flexibility, it would seem reasonable that the greater safety
provided by these systems over pull-towed systems would be well
worth the investment. Thus, I would expect that most OGTBs
predominately operating in the hawser tow mode to be built as 1st
Generation OGTBs.

2nd Generation Push-Towed OGTBs: These systems are
transitionally between 1st generation and 3rd generation
loosely-linked OGTBs. That is, they allow more than 50% of the
sea voyage to be in push-tow mode but in severe seas, say greater
than eight to twelve feet, the tug and barge must resort to
pull-tow operation. Although these systems are more fuel effi-
cient than 1st generation OGTBs since they car push-tow for a
larger percentage of the voyage, such fuel savings would not war-
rant the extra costs for a deeper barge notch and a sophisticated
linkage in short distance trades. They also would not be useful

2-1I3



in moderate distance t~-adcs when heavy seas might often force th,
tug out of the notch. This maneuver car be rather dangerous. So
for these and loger distance trades, it would probably bt. worth
the moderate addition:al cost for installation of the rew 3rd ger-
eratior loosely-linked OGTB linkages, assuming that they allow
push-towing in all sea-states expected during a voyage. As cor-
firmation of this hypothesis, ore ?nd generation OGTB operator
has recently contracted for designs to convert his system into a
3rd gereratior loosely-linked system. It should also be realized
that 2nd generation OGTB linkages reduce the operational flexi-
bility of the barge since orly tugs desigred for the notch car be
used for push-towing.

3rd Generation Loosely-Lirked Push-Towed OGTBs: These OGTBs al-
low considerable fuel savings over the previous designs since
100% push-tow operation is achieved. However, continuous
push-towing is obtained at the cost of a rather sophisticated and
expensive linkage system. Whether this extra cost is warranted
depends or how much can be realized in fuel savings. Since fuel
savings would be greater the longer the system is at sea, these
OGTBs are most suitable for long distance trades with rather
short port times. As these systems do require tugs and barges
specially designed to match each other and since there are no
designs that predominate at this time, the operator has little
opportunity to take advantage of the separability of his units
except in drop-and-swap mode operation. However, the tugs are
basically of standard designs and so could be used for
pull-towing if necessary. It should be mentioned that these
designs (Bludsworth, Breit/Garcia, Fletcher) have not operated
for very long so it has not been proven that they could be
operated in the push-mode in very severe seas as would be experi-
enced in transoceanic crossings. This is not of much importance
to their owners since they are expected to be only used in coast-
al trades. However, it may reduce their ability to be speedily
mobilized for foreign area operation.

3rd Generation Mechanically-Linked Push-Towed OGTBs: These OGTBs
have little to offer over their loosely-linked counterparts.
They are a little more fuel efficient since the tug and barge
hull lines are designed for smoothness. They are also certain to
be capable of push-towing in all ocean sea states, which has yet
to be proved for the loosely-linked designs. And, they probably
are somewhat safer since they have larger crews and the tugs are
built under Coast Guard inspection. However, these improvements
are achieved with a large increase in the system's capital ard
marning costs which result from the tug being built and manned
under Coast Guard supervision. It would seem that these marginal
improvements would only be warranted in very long trans-ocean or
trans-coastal trades. For these trades the increased fuel effi-
ciercy and safety would be most important. The larger crews
would also be useful for handling the preventative and casualty
maintenance that would rormally be done by shoreside personnel
for the other OGTB systems.
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Ships: Ships are ce' a the most fuel efficient of all these
ystems. Tnei- hull ires are desigr.ed for the g'reatest

hydrodynamic efficiency. This would make them most suited for
the same types of trades for which the mechanically-linked OGTBs
are most economic. But, whether these fuel savings are worth the
additional capital and manning costs incurred by ships over those
incurred by mechaically-lirked OGTBs of equivalent size and
speed is subject to careful economic analysis. (3) Consideration
must be given to the usefulness with respect to safety and for
maintenance of the larger crews onboard ships. On the other
hand, consideration must be giver to the additional flexibility
of operation available with OGTBs--particularly the ability to
operate in a drop-and-swap mode. The economic ramifications of
such flexibility is explained in the next section.

As of today, more and more mechanically-linked OGTBs are
being constructed instead of ships for long distance trades.
This indicates that at this time they are more economical to own
and operate than ships of small unit capacity ((100,000 DWT) and
moderate speed (<20 KTs). For the large unit capacity and faster
trades, however, ships still have no competition.

tI

(3) One mechanically-linked OGTB operator estimates that the
operating expenses for a 35,000 DWT/11,000 HP system would be 40%
less than the equivalent conventional ship operating at the same
speed.
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2.2 Ecoromic Compirisor of OGTB Oper'ation in the

Drop-and-Swap Versus Integral Mode

In the previous section ar economic comparison of the dif-
ferent .OGTB systems and ships was made, primarily based or
tug-barge ope-atior with the tug remainirg with the barge at all
times. This is because almost all OGTBs except for a few of the
pull-towed and ist generation OGTBs have beer operated in this
way. However, this method of operation does not take advantage
of the one inherent feature that all OGTBs have that is not
available to ships. That is their ability to separate the pro-
pulsior unit from the cargo carrying unit. This flexibility car
be used to increase system efficiency through increased utiliza-
tion of expensive propulsion units and through the storage capa-
bility of the detached cargo units. It may be that many of the
current 3rd generation loo.ely and mechanically-linked OGTB
users, being previously experienced in only ship operations, have
just overlooked the potential benefits of the separability of
their assets, or it may be that it is not economically profitable
to utilize this capability in the trades in which they operate.
However, since foreign operators such as Mitsui of Japan have
operated fleets of tugs and barges in drop-and-swap operation for
several years, it is certain that there are some trades for which
this mode of operation is most economical.

It is the purpose of the economic model developed in Appen-
dix D to investigate under just what conditions the separability
feature of OGTBs should be utilized. When the model's output
indicates that there are few existing or potential trades where
this feature may be used, then it would be expected that the eco-

t- nomics for OGTB integral mode operations discussed in the last
section would solely apply. However, when the model's output
indicates that there are many trades which could take economic
advantage of this feature, then it might be expected that OGTBs,
especially of the mechanically-linked design, would displace
ships in these trades.

2.2.1 Detailed Description of the Different Modes of Operation

As it is the separability feature of OGTBs that make them
more versatile than ships, more mention should be made on how
this feature can be profitably used. The major benefit is the
same as that enjoyed by tractor trailers over single unit trucks.
That is, the propulsion unit (tractor or tug) can be detached
from the cargo unit (trailer or barge) while the cargo unit is
used for loading, discharging, or storage. It then can be used
for transporting another cargo unit that is available for
movement. This method of operation, the drop-and-swap mode, ob-
viously increases the utilization of the costly propulsion unit
as compared to the integral mode of operation in which the pro-
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pulsior unit always -e',irs with the cargo unit. However, as can
be seer in thu simple po-t pair system shown in Figure 2. ! , the
drop-and-swap mode will require at least two more barges than
tugs in a balanced trade or at least one more barge thar tugs in
an unbalanced trade (whe,'e the tug remains with the barge in one
port). Certainly, the drop-and-swap mode would be of most bene-
fit in. those trades in which loading/discha-ging times make up a
significant part of the voyage time. Here, then, is the most po-
tential in increasing tug utilization, especially in multi-tug
fleets which car often be scheduled so that a tug arrives with a
barge for discharge just at the time when a bL~ge in port has
completed its cargo operations and is available for transport.
In this case tug utilization can approach 100%. Also, in trades
with long port times, the barges remaining in port in the
drop-and-swap mode of operation are used essentially as floating
warehouses, replacing shoreside assets. Since port time is a
function of the barge cargo capacity and both terminals' loading
and diz harging rates, and since sea time is a function of port
separation distance and OGTB speed, these four parameters are
critical in determining whether the drop-and-swap mode should be
used over the integral mode. Because the cost relationships that
are functions of these parameters (e.g., fuel cost is a function
of the tug-barge size and form, OGTB speed, and port separation
distance) are rather complicated, it is not intuitively obvious
when one mode is superior to another. A systematic analysis,
such as that performed by a computer, is required to determine
where the tradeoff point is for the modes. A computer model
designed to do this analysis is briefly described in the follow-
ing subsection.

2.2.2 Brief Description of the Drop-and-Swap Computer Model

The economic tradeoff analysis between drop-and-swap and
integral mode OGTB operation is accomplished by the computer mod-
el described in detail in Appendix D. This model analyzes the
simple port pair trade shown in Figure 2.1. This case was chosen
since it is the simplest and is appropriate for many of the bulk
trades (repetitive voyages from the same loading port to the same
discharging port). This port pair trade can be defined essen-
tially by three sets of parameters: (1) port separation
distance, (2) terminal loading and discharging rates, and (3) an-
nual cargo flows between ports.

Giver the specifics of the trade, the model then determines
the barge size (and form) and OGTB speed that will yield the min-
imum required freight rate (rfr) for both the integral and
drop-and-swap modes (balanced and unbalanced). The rfr is
defined as the freight rate that should be charged for a unit of
cargo that will recover all capital and operating costs plus a
desired level of profit on a present-valued discounted cash flow
basis (taxes and depreciation ignored). Although specific
details on how these costs are obtained is given in Appendix D
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Port Pair Trades: Integral and Drop-and-Swap Modes
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and Kas"ki (r 979) so m e mentior about the gene-al assu;lpti),
used ir obtaining them is given he-e so that the reader car ap-
precate the results p-eserted in the next section without -ea'J.
ing the Appendix. Specifically, with respect to capital and
operating costs the following was assumed:

I. .Barge capital costs were assumed to be a direct furcti.,r
of barge hull weight with the addition of outfit cost determired
via a -egression equation found in George G. Sharp (1975). The
hull weight as a function of barge size and form was obtained via
regression equations developed from output of the barge design
program presented in Kaskin (1979). This program is applicable
to single-skin tank barges joined by a rd generation semi-rigid
linkage to the tug. These types of barges were used since they
are the simplest to model and since they are most prevalent of
the large OGTBs in use. The semi-rigid rather than rigid linkage
was used since it results in less stringent scantling
requiev. rts under ABS rules, and in less barge cost. Mechanical
rather than loose linkages were used since the tugs with these
linkages might be more appropriate for military operations that
could demand larger crews and more redundant ard safe machinery.
However, the model car easily be modified to take in account
loosely-linked designs if desired. This rather complicated ap-
proach was taken since no reliable barge cost estimate could be
obtained from the little available data on OGTBs. In addition,
the variation in hull weight as a function of barge form
parameters provided by the subprogram is needed for weighing the
capital versus operating cost aspects of a barge form.

2. Tug capital costs was determired via a regression equation
found in George G. Sharp (1975) and adjusted to conform with
prices reported in recent trade literature and government
publications. Since mary tugs have been built recently, this ap-
proach seemed reasonable. Some adjustment is made for the cost
of the linkage, which is not extraordinary for semi-rigid
linkages.

3. Storage capital costs were calculated for oil storage
tanks. The costs were based or recent cost figures provided by a
major oil company.

4. Tug fuel costs were determined as a function of tug-barge
resistance and voyage duration. Tug-barge resistance, a function
of barge form and speed, was determined with the use of
full-bodied, bulbous bowless, single-screw tank barge resistance
data. This was the only series resistance data that could be
found to approximate OGTB hull forms. An additional 10% resis-
tance was added to account for linkage interferences to conform
with the estimates found in Robinson (1976).

5. Other operating costs were calculated by using the
equations found in George G. Sharp (1975) and then inflating them
to yield a current estimate--for 1 January 1979.
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6. Port, facility cst . were rot considered.

Although the economic model has beer specifically developed
for the tark ba -t'e case, it 6hould still be indicative of costs
for othe'r bulk trades. Barge outfit cost would probably be the
only mjor charge for other trades. Thus, any results obtaired
from the tank barge model, even for trades with very long port
times which are not usual for oil barge trades, should rot be in
great error.

2.2.3 Base Case Results of Computer Model

At this point we consider what car. be lea-ned from the
model. To do this, the model was run for five one-way trades
with ar ual cargo flows of. 100,000; 600,000; 1,000,000;
6,000,00u; and 10,000,000 long tons. The user specified inputs
and the values of the semi-fixed parameters used in these runs
are shown in Table 2.3 and Figure 2.2, respectively.
Essentially, in these base case runs the model finds the optimum
barge size, speed, and form within the system parameter ranges
specified in Table 2.4 for port pair trades with port separation
distances of 500, 2000, 3500 and 5000 nautical miles (NM) and fo-
a reasonable range of loading/discharging rates. In these base
case trades, it is assumed there are no draft or beam
restrictions. Barge length, however, is limited to 750 feet
since the ABS rules used in the barge design model are applicable
only to barges less than this length. Additionally, barge size
is limited to 100,000 DWT since this is the maximum size that
designers have ever corsidered for barge construction. (L)
Finally, it is assumed that there are no costs associated with
terminal loading/discharging or sto-age facilities. The value of
the cargo is assumed to be $200 per long ton and the other cost

parameters are as discussed in Appendix D.

Graphical output from these runs of the required freight
rate as a function of loading/discharging (L-D) rate fo- fou-
port separation distances (500, 2000, 3500 and 5000 nautical
miles) is shown in Figures 2.3-2.7. The printed outputs f'-om
these runs are voluminous and so cannot be included here.
However, some of the results, including the range of optimum
barge deadweights and tug speeds, have beer extracted and
presented in Table 2.5. In addition, some observations that car
be made concerning all the runs are presented in the next
subsection. This is followed by a discussion of points of inter-

(4) The largest barge currently in operation is the Breit/Ingram
tug-barge system Presque Isle of 53,000 DWT operating or the
Great Lakes. The largest ocean-going ba-ge will be the 55,000
DWT tank barge being built for Belcher Oil.
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This is the semni-fixed paramnetric data file.

tugopdays 350.-00
bargeopdays 350.00
tlink (hrs) 4.00
tunlink (hrs) 4.00
servinargin 0.20
fuelmargin 0.20
sfc (lb/HP-hr) 0.36
cfuel ($/LT) 140.00
clube ($/gal) 1.75
nrcrew 16.00
cwagl3 ($/yr) 65000.00
csubs ($/yr) 3500.00
esteelt ($1000/LT) 2.94
coutfitt ($1000/LT) 15.08
csteelb ($1000/LT) 1.10
coutfitb ($1000/LT) 12.82
Itug (ft) 1LI0.00
wmisc MLT) 460.00
aother C$/yr) 30000.00
admin ($/yr) 150000.(.0
cfixportl ($/call) 0.00
cfixport? ($/call) 0.00
cvarportl ($/DWT) 0.00
cvarport? ($/DWT) 0. 00
cfixterm ($/DWT-day) 0.00
-cvarterm ($/DWT) 0.00
cfixstor ($/DWT) 0.00
cvarstor ($/DWT) 0.00
delayl (hrs) 4.00
delay? Chrs) 4.00
maxi (ft) 999.00
maxb (ft) 999.00
maxti (ft) 99.00
maxt2 (ft) 99.00
disrate 0.10
e-conlife (yrs) 20.00
inflafetr 0.00
vcargo ($/DWT) 200.00

Base Case Values For

Semi-Fixed Parametric Data

Figure 2.2

2-23



Table 2.4

Ranges for System Parameters

Parameter Lower Upper Restrictions/ Reason for Bound
Bound Bound Comments

Barge DWT 9,000 80,000 Sharp (1975)
6,000 100,000 Reduced confidence Valid ranges for

range operating cost
formulae

Barge Length 100' 750' ABS (1973)

Valid ranges for
barge hull weight

formula

Froude Number 0 0.22 Tsuchida (1969)

F0.298 Tug Seed Valid range for re-
n/Two-Barge LengtI sidual resistance

coefficients

Barge C* 0.775 0.835 i
B

0.75 0.85 Reduced confidence
range

Tug-Barge L/A 6.2 7.6

6.0 8.0 Reduced confidence
range

Barge B/T 2.46 2.76

2.00 3.25 Reduced confidence "

range

Barge L/D 0 16.0 ABS (1973)
valid range for
barge hull weight
formula

Tug IHP 5000 35,000 Sharp (1975)
3000 35,000 Reduced confidence Valid range for

range operating cost

formulae and tug
capital cost formul

*Either CB or L/B can be in the reduced confidence range, but not both.
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est; that pewtair to an individual -un. And, this is followed by
:;ome conclusions that car be drawn from the whole series of base
runS .

Gereral Observations Pe-tainirg to All Base Case Runs

The following general observations car be made after
examining the printed output of the base case runs:

1. The optimum barge form for all the port pair trades has
the smallest allowable length-breadth (6.0) and breadth-draft
(2.0) ratios. These ratios result in the shortest barge with the
least amount of hull steel for a given deadweight capacity.
Apparently, at the slow speeds that these tug-barge systems
operate, the capital cost savings achieved by constructing short,
blunt barges outweigh any cost penalties associated with the
higher residual resistance of these forms.

2. The optimum block coefficient for all the port pair trades
varies from 0.78 to 0.81. The 0.78 value is usually associated
with tug-barge units advancing at eleven knots or faster while
the 0.81 value is usually found with systems advancing at nine
knots or slower. However, for small tug-barge units, less than
15,000 DWT, a block coefficient of as low as 0.78 may be found
for speeds as low as nine knots.

3. Port pair trades with lotger port separation distances and
faster L-D rates usually have optimum systems with larger barges.

1. Port pai- trades with longer port separation distances and
slower L-D rates usually have optimum systems with a greater num-
ber of tug and barge units.

Observations that are peculiar to an individual base case
"ard rot already summarized in Table 2.5 are presented in the fol-
lowing four subsections.

Base Case Results: Annual Cargo Flows of 100,000 LT

When annual cargo flows are as low as in this case, all of
the cargo can usually be moved less expensively in a single small
barge operating in the ship-like integral mode. The
drop-and-swap mode is not competitive due to the extra barge or
barges needed to be stationed in port. As can be seen from Fig-
ure 2.3, the only time that the drop-and-swap mode can be of ad-
vantage is wher L-D rates are very low (less than 2000 LT/day) in
trades with long port separation distances. In these trades, the
extensive in-port time fo-ces integral mode operations to requi-e
more than ore tug unit to handle the annual cargo flows. This
makes integral mode operation uncompetitive compared to
drop-and-swap mode operation with only one tug.
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Base Case Results: Arrui] Ca-r,,o Flows of 600,000 and 1,000,0.) T

Both of these casc, are similar in t hat for po-t pair
trades with low L-D rites, the drop-and-swap mode will be less
expensive. Corve-sely, for those trades having high L-D rates,
the integ-al mode will be less expensive. As seer in Figures 2.a
and 2.5, the major difference between these cases is that for the
1,000,000 LT case, the L-D rate tradeoff points are usually
larger than for the 600,000 LT case. It was observed from both
cases that for a given port separation distance, the L-D rate
tradeoff point between the two modes usually occurs when the op-
timal integral mode begins to require only one more tug than the
optimal drop-and-swap mode. Then, above the tradeoff L-D rate,
the extra cost of the barges needed to remain in port for
drop-and-swap mode operation begin to outweigh the capital cost
savings resulting from the one fewer tug.

Base Cas; Results: Annual Cargo Flows of 6,000,000 LT

As seer in Figure 2.6, for this case the drop-and-swap mode
will be the most economical method of operation for all port pair
trades with port separation distance greater than 3500 NM. nis
is because with large cargo flows, the savings resulting from
economies of scale push the optimum barge size to the upper con-
straint of 100,000 DWT. Due to this constraint, the optimum num-
ber of integral tug-barge units cannot be reduced (at economical
speeds of operation) sufficiently fewer than the number of
drop-and-swap tugs to make the integral mode economically
competitive. Thus, when barge size is constrained, the higher
tug utilization at a given speed achieved by the drop-and-swap
mode of operation outweighs any barge capital cost savings inher -

ent.in the integral mode. For the shorter port separation dis-
tance (500 and 2000 nautical miles) the barge size is not binding
so that the integral mode does become more economical, but at
comparatively high L-D rates. It should be noted that when barge
size is not binding the optimal system speeds vary between seven
and eleven knots, However, when the barge size approaches the
upper limit, the optimum integral mode speeds become as high as
thirteen knots.

Base .Case Results: Annual Cargo Flows of 10,000,000 LT

In this case the barge size constraint causes the
drop-and-swap mode to be the operating mode of choice for all
port pair trades except for some with port separation distance of
500 NM. For those trades, the integral mode will be favored when
L-D rates exceed 45,000 LT/day. Again, it should be noted that
barge size constraints have forced the optimum integral mode
systems to operate with speeds of up to fifteen knots.
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Conclusiors From B rse Rurs

After reviewing all the ouput from the base case runs, a
few gereral corclusions car be drawn csnrce,-ning tug-barge systems
operating or a port pair trade in eithcr the drop-and-swap or in-
tegral mode. The major conclusion is that port pair trades can
be broker up into three groups, primarily based or. the amount of
annual cargo flow and secondarily based or the port separatior
distance. These groups are !) trades for which the integral mode
will be the operating method of choice for all L-D rates, 2)
trades for which the drop-and-swap mode will be the operating
method of choice for all L-D rates, and 3) trades for which the
drop-and-swap mode will be optimum for low L-D rates and the ir-
tegral mode will be optimum for high L-D rates.

The first group consists of trades with annual cargo flow
requirements less than the ton-mile capacity of a single small
(less than 25,000 DWT) tug-barge unit operating at an economical
speed (6 to 9 knots). In these trades, since all the cargo can
be easily transported in a single tug-barge unit, the higher tug
utilization available from drop-and-swap operation is
unnecessary. Thus, the integral mode will always be the
operating method of choice in these trades.

The second group consists of trades with annual cargo flow
requirements much greater than the ton mile capacity of two or
more tug-barge units of maximum carrying cLpacity. The con-
straint on barge size prevents full use of' economies of scale in
the integral mode of operation. This, in turn, prevents opera-
tion in the integral mode at economical speeds with sufficiently
less capital equipment to make up for the increased tug utiliza-
tion savings inherent in the drop-and-swap mode of operation.
Thus, the drop-and-swap mode will always be the operational mode
of choice in deadweight constraied trades.

The third group consists of trades not falling within the
first two groups. That is, trades for which annual cargo flows
are too large to be carried in one tug-barge unit but too small
to be carried in several maximum sized units. It is for these
trades that there will be a L-D tradeoff point below which the
drop-and-swap mode and above which the integral mode will be the
operational method of choice.

In general, for trades with greater annual cargo flows and
longer port separation distances, this tradeoff point is at
greater L-D rates. This is because these trades demand more
ton-mile transport capacity which car be met by either increasing
the number or size of the tug-barge units. If the number of
units is increased, then the additional barges that must remain
in port in the drop-and-swap operations become less significant.
If the barge size is increased, the increase for the
drop-and-swap mode operation will be less than. for integral mode
operations due to the higher tug utilization efficiency. In ei-
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ther case the drop-and-swap mode is favored in these trades more
than the integral mode.

It should be mentioned that trades with very short port
separation distarces (i.e. 0o0 1iM) have L-D tradeoff points ;t
higher values than for lorger distance t-ades. This is because
the pe-certage of the total voyage time spent in port (about W(J%
at the L-D tradeoff point) is large for these trades, favoring
the higher tug utilization efficiencies achieved by drop-and-swap
mode of operation.

From the base case runs, certain conclusions car also be
drawn concerning the form and speed of the optimum barge. It
appears that since the F'oude number is so low (less than 0.!6)
at the optimum tug-barge speeds of' seven to eleven knots that -e-
sidual resistance does not have much significance. Thus, optimum
barge forms have the greatest draft ard breadth possible to re-
duce the length; and, consequently, the barge capital cost. This
saving outweighs any resistance penalty caused by the blunt barge
forms. The only concession made for the effect of resistance is
with respect to block coefficient. For tug-barge speeds greater
thar ten knots finer lines are required while blunter lines are
suitable at slower speeds.

2.2.4 Sensitivity Runs of Computer Model

Sensitivity runs were made to see the effect on required
freight rates and L-D rate tradeoff points of changes in some of
the semi-fixed parameter values used in the base case runs.
Specifically, changes to the value of the cargo, the sho-eside
storage costs, and the maximum barge draft were investigated.

Due to the cost of these runs, an exhaustive set, including
a wide range of variatior of a single parameter or combination
of parameters, could not be made. However, the runs whose inputs
are given in Table 2.6 should give an indication, although not
conclusive, of the effects of changes to their values. In the
three subsections that follow, an analysis is made of the output
from the sensitivity runs.

Sensitivity Run: Charge in Cargo Value

A sersitivity run was made to see what effects a charge in
the cargo value from $200 to $0 per long ton would have on the
1,000,000 LT annual cargo flow base case. As seer in Figure 2.8
and Table 2.7, this reduction in cargo value reduces the required
freight rate by less than $.20 for trades with port separation
distance of 500 NM to over $1.00 for trades with a port sepa-a -

tion distance of 5000 NM. As to be expected, the reduction is in
proportion to the port separation distance, which is indicative
of the sea time and-the time value of the cargo. It was also
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Table 2.7

Tabular Summary for Sensitivity Runs

Port SESITIVI'1Y RUrl PARAMETERS
Separation
Distance aflowavel- aflow,el= aflogavel- I aflowavel=
Nautical 0 U T P U 0 P A R A K L T E R S 

I '
c

0°  
o 1,0,o00O 6r',000,0o O

Miles) Base Case vcarqo * 0 Pase Case cflxstor-48

500 RFR at Specified L-D rate, C1S node 1$ 6.85 @2000 $ 6.71 @2000 $ 3.87 76300 $ 3.87 56000
RIR at Secified L-D rate, Integ4ral mode 13.84 13.69 7.7 @4 7 4
PFR at Specified L-D rate, DOS mode 5.49 912090 5,32 @12000 2.55 054000 2.55 @54000
RIB at Specified L-D rate. Integral .ode 4.65 4.47 . 2.17 2.30
RFR at L-D Rate Tradcoff Point Abnut $5.55 About $5.35 . About $2.68 About $2.65

DiS/Integral mode L-D rate Tradeoff [Between Between Between Between
Point (LT/day) 18000 & 10000 8000 & 10000 30000 & 38000 30000 & 36030

% Port Time is Of Total Voyage Time -
at 1-D rate Tradeoff Polnt 72-59 59- 7 45-3 45

2000 AIR at Specified L-D rate. Vi5 mode IS14.35 @200 $14,31 @2007 S 8.35 6000 S 8.3S @6000
APR at Specified L-D rate, Inteura, inide 21.49 21.23 " 16.03 16.45
FFR at Specified 1-D rate, [s re 10.46 13000 9.56 @120001 6.17 @54000 6.17 @54000
PFR at Specifiel 1-0 rate, In.'ral rode P.79 I 8.27 i 5.R4 6.03
RFR at L-D Rate Tradtcff ioint 11.67 1.13 6.14 6.15

DiS/Integral rod- L-0 rate Tradeoff ;Near 6,000 Near 6,000 Near 38,000 Between
Point (LT/day) 38,000 & 4(000

I Port Time is of Tctal Voyage Time
at L-D rate Tradeoff Point 49 49 23 23-19

3500 WOR at Specified L-D rate, DrS .5 Ie $19.91 12000 I 19.16 82000 $12.09 36000 $12.03 16000
RFR at Specified L-3 rate, Integral rode 2PR2 " 25.82 . 24.28 24.84 "
AIR at Specified L-D rate, D& mode 15.03 .12000: 14.10 112000 9.35 854000 9.85 @54000
APR at Specified L-D rate, Integral mode 13.25 12.24 " 10.08 10.26
AFR at L-D Rate Tradeoff Point 15.85 about $14.50 --- ---

DiS/Integral mode L-D rate Tradeoff Between Betwen None :D&q -1",l None,: DiS mode
Point (LT/day) 4000 & 6000 6000 & 8000 always always

Port Time is of Total Voyage TimeI favorable favorable
at L-D rate Tradeoff Point 48 48-36

S(M p at Specified L-D ratc, D&q m-le S24.5f 12o)0 23.26 @2000 $15.31 e6300 $15.31 @8000PR at S3c1i.i'3 1- tote'r Imode ]p.42 ] 29.99 37.28 37.79

BFR at Specified L-A rite, .is mode I6.55 712000 17.31 @12000 12.97 @54000 12.57 C54000
RFR at Specified L- rate. Integral mole 16.07 15.50 - I 15.43 15.61
AIR at L-D Ba.e Tradeoff Point About $19.25 About $17.9 .

DiS/Integral mode L-D rate Tradeoff Between Between None: fiS mod None! DS mode
Point (LT/day) 6000 A 8000 6000 8000 always always favorable

Port Tine is of Total Voyage Time favorable
at L-D rate Tradeoff Point 36-32 32 24
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Table 2.7 ..... Cont.

Tabular Summary for Sensitivity Runs

Port I SENSTTIVITY P'2 pntxETFrs
Separation - T ________

Distance aflowael= af*lowavel= I aflcwav'i= aflowavel
(Nautical 0 U T P UT PARAM ETERS I1,000.000 1,000.000 1,000,000 lO0'),o00

Miles) cfixstore48 cfiestor=48 Icfixstor-48

_____cvastor * 1 maxtl= 3 aXtl-3

500 RER at Specified L-D rate, D&S mee $ 6.45 @2000 $ 5.65 @3000 $ 5.65 @3000 S 6.85 i2000
RIR at Specified L-D rate, Intearal rode ;14.18 11 .61 10.61 1 3.84

RFR at Specified L-D rate, DS rode 5.49 @12000 5.49 @12000 5.52 @I2000 5.52 512000
RFR at Specified L-D rate, rnteqral mode 5.04 :6.09 1 5.36 5.07

RFR at L-0ORate Tradeoff PointI 5.48 --- About $5.50 About $5.55

D&S/Integral node L-D rate Tradeoff Near 10000 None: D&S Mode Near 12000 Between
P o i n t CL T / d a y ) a lw a y s '0 0 a0 & 120 00

8 Port Time is of Total Voyage Tine favorable
at L-D rate Tradeoff Point 57 --- 48 48-29

2000 Rn at Specified L-D rate, D&S mode 1$14.85 @2000 S1 2 .50 @3000 $14.43 G3000 $16.05 @2000
RER at Specified L-D rate, :ntegral mcde 22.31 - 16.85 - 19.47 22.94
RPR at Specified L-D rate, D&S rode I 10.46 a12000 10.46 0l200n 12,Q4 ql2Orn0 12.e.1 ?1200"
RFR at Specified 1-D rate, Int-eral rode 9.37 11.05 - 12.39 12.O "
RFR at L-D Rate Tradeoff Point $About 10.70 About $10.00 About $12.80 iAbout $113.45

D&S/Integral mode L-D rate Tradeoff Between Betwen Between twen
Point (T/day) 10000 & 12000 18000 & 21000 9000 & 12000 e0o t 8C00

8 Port Time is of Total Voyage Time I
at L-D rate Tradcoff Point 48-29 32-27 32-24 37-32

3500 SIR at Specified L-D rate, D&S mode f$19.91 '2000 I516.34 @3000 $20.11 @3000 5$22.90 e2oo
SIR at Specified L-D rate, Integral mode 27.95 - 23.01 26.72 30.83
SIR at Specified L-D rate, D&S rode 15.03 @12000 15.03 @12000 18.85 @12000 18.85 012000
8FR at Specified L-0 rare, Integral, roe 14.24 15.04 I8.79 18.-9
R8R at L-D Rate Tradeoff Point About $5.30 About 15.04 About 19.00 About $20,000

D&S/Xnteqralmode L-D rate Tradeoff Near 8000 12000 Between Between
Point (LT/da ) 6000 120. 6000 & 8000

Port Time is of Total Voyage Time
at L-D rate Tradeoff Point 36 24 24- 26-24

5000 FR at Specified L-D rate, D&S mode $24.56 @2030 $21.24 &3000 I$25.10 63000 &829.0? 2000
RFR at Specified L-D rate, integral mode 33.00 29.35 - 32.87 " 39.44
RSR at Specified L-D rate, D&S d c A12000 1.55 1200 24.25 12000 24.25 (1200
RFR at Specified L-D rate, Integral mode 17.20 20.20 " 2372 *
RFR at L-D Rate Tradeoff Point About $19.00 'About $18.05 About $24.25 About 4.60

D&S/Integral mide L-D rate Tradeoff Near 8000 Near 15000 12000 Between
Point (LT/day) ! 8000 & 0000

I Port Time is of Total '/oyale Time
at L-D rate Tradeoff Point 36 19 17 25-19
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roticed that ir the base case run, that the optimum system speeds
would somctimes be ore, two, or ever three kr.ots faster than the
sersitivity 'ur. This confirms what is to be expected, that
higher c ',o values result in higher optimum system speeds.
Thus, it is seen that unless the time value of cargo is included
in any. t-arspo-tatior system optimization model, the transport
vehicles will be optimized at too slow a speed.

Sersitivity Runs: Charges to Sho-eside Storage Costs

Two sensitivity -uns were made to determine what effects
the irclusior of shoreside storage capital corstruction costs of
$4d PC6 l.,rg to storge capacity (5) would have on the 1,000,000
ard b long ton anrual cargo flow base cases. In.
addition, a run was made to determine the effect on the 1,000,000
lore t. base case when a $1.00 per long ton storage facility

throughput cha-ge was also included.

It w.)uJl be expected that since sho-eside storage costs are
appji.Ici[, -,) the integral mode orly, the inclusion of such
c,)st w ,1 1 favor the drop-ard-swap mode of operation. This
v xp: ,t, ,: ult is confirmed by the graphical ard tabular output
of . ".0> p,.atd ir Figures 2.9-2.11 and Table 2.7. From
,t- 1 i seer that the effect of the capital cost of
s .. . .,r the integral mode becomes more pronounced

.t '- separatior distances. This is because these
:, de-rard the larger barges and consequently,

, .. -, sive storage tanks. (6) Also, the effect of
S " ., ::, r L-ades with low L-D rates since these

N -. sho~eside loadirg and discharging terminal
fac I t ,,ijrdle the anrual cargo flows.

Thu e c,nbi rd results of both of these effects is that the
1,-D t.dil)ff poi-t is shifted to higher values, especially for
trades witn lorge- port separation distances and that the advan-
tage the dr,,p-arnd-swap mode has for trades with low L-D rates
becomes mo-e pronounced.

(5) Tnis value for storage capacity capital costs was obtained
from a major oil company and is irdicative of oil tankage con-
structior costs for large Lanks as of January 1979. Also, the
model assumes that the amount of sho-eside storage capacity for a
given port pair trade is equal to the product of the number of
termiral facilities in the port times the deadweight of the opti-
mum barge operating in the integral mode for that port pair
trade.

(6) For the 1,000,000 LT annual cargo flow trades, the present
valued anrual capital charges for storage amount to approximately
$0.0564 per 10,000 LT of tankage and cargo flow.
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The addition of the $1.00 storage operatirg cost favors the
drop-and-swap mode ever more than , he storage capital costs.
This is because it essentially increases all the integral mode
trades' rfr's by $1.00, equivalent to the arnualized capital cost
for over 175,000 LT of tankage. As seer, by comparing Figures
2.10 and 2.11, this results in a shift of the integral mode
curves by $1.00 so that the L-D tradeoff point moves to a much
higher value. For the port pair trades with a separation dis-

tance of 500 NM, where the integral mode has rfr's only
marginally lower than the drop-and-swap mode at high L-D rates,
the inclusion of the operating storage costs increases the inte-
gral mode rfr so much that the drop-and-swap mode dominates for
all L-D rates. Since the differences between the drop-and-siap
and integral rfr curves is more pronounced with large port sepa-
ration distance, the tradeoff point shift is not as great for
these trades. However, it is apparent that if shoreside storage
costs are included in the economic analysis, the trades for which
the drop-and-swap mode will be optimal will be extended to those
of significantly higher loadirg/dischargirg rates.

Sensitivity Rurs: Inclusion of Port Draft Limit

A sensitivity run was made to investigate the effects that
a draft limitation would have on the 1,000,000 LT annual cargo
flow base case. Additionally, another run was made to see if a
similar effect occurred in the 1,000,000 LT trades when a $48 per
long ton storage terminal capital cost was included with the
draft limitation. The graphical and tabular results of these
runs are shown in Figures 2.12 and 2.13 and Table 2.7.

Comparing these figures with the unrestricted draft cases
shown in Figures 2.5 and 2.9, it was observed that there was lit-
tle effect or trades which were optimized with small barges,
those of less than USO feet or 25,000 DWT. However, the effect
was very prorounced in those trades which in the unrestricted
draft case would be optimized with large barges. In those
trades, both the drop-and-swap and integral mode rfr's were
increased by several dollars. This is because the draft
restrictions forced the optimum feasible barges of a given dead-
weight capacity to have greater lengths and, consequently,
greater capital cost. Additionally, since barge length was
constrained to be less than 750 feet, the maximum barge size was
limited to less than 65,000 DWT. This forced those trades which

were optimized in the unrestricted draft cases to obtain the nec-
essary ton-mile capacity by either increasing the speed of the
tugs or the number of tug-barge units in operatior--both
requiring the -fr to increase ever further. The draft limitation
affects both the drop-and-swap and integral mode trades.
However, since the majority of unlimited draft port pair trades
are optimized with larger barges in the integral than the
drop-and-swap mode, the effect is somewhat greater for the inte-
gral mode. Thus, the L-D trade-off point is shifted to somewhat
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higher values ir the lor-- distarnce trades where larger bargez
are predominanrt.. Neve'theless, the shift is not very great.

Gereally, it is seen that port draft restrictions are
very costly in trades which have large annual cargo flows and/or
long port separation distances and thus would normally take ad-
vantage of the economies of scale inherent in large barges.
These trades, however, are slightly more favorable to the
drop-and-swap mode of operation.

2.2.5 Summary of Computer Model Results

To summarize, the results of the computer model's base and
sensitivity runs show that the drop-and-swap mode of operation
will be favored in trades where:

(1) There are size restrictions (draft, length, or beam) that
prevent the required annual cargo flows from being carried
on a few large deep-draft ships or integral mode operated
OGTBs.

(2) There is such a great annual cargo flow requirement that it
must be carried in many vessels. This is just (1) in a dif-
ferent form since some size restriction causes the need for
the large number of vessels.

(3) Shoreside storage facilities are expensive.

(4) Terminal loading/discharge rates are low so that port time
becomes a large part of the total voyage time.

(5) Port separation distances are very short so that port time
again becomes a large part of the total voyage time since
the sea time is short.
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2.3 Future Prospects for OGTBs

From the historical prospective and economic analysis
presented previously, it has become appa-ent that OGTBs have
developod primarily to take advantage of the less expensive
manning ard construction opportunities available to them under
current Coast Guard regulations. Very few systems have been
developed to take advantage of their inherent flexibility of
separability. Thus, the future prospects of OGTBs will depend

highly on whether these regulations change in the future. In
this section the latest regulatory developments will be
discussed, including their potential impact on the commercial
OGTB industry.

2.3.1 Current Coast Guard Regulatory Initiatives

Currently the Coast Guard is attempting to change two
aspects of the regulatory structure pertaining to OGTBs. One is
with respect to tank barge construction and the other is with re-
spect to inspection of push-towed systems.

First consider tank barge corstruction. At this time there
are no special regulations pertaining to the construction of oil
tank barges. They may be single-skinned, double-bottomed, or
double-hulled. However, there are two different sets of proposed
rules that have been published by the Coast Guard in the Federal
Register in recent months that would change this situation.

The first set of rules, published in the 12 February 1979
issue of the Federal Register, pertains to clean product ships
and barges of greater than 30,000 DWT and crude oil ships and
barges of greater than 20,000 DWT. They essentially implement
the proposed 1ICO tanker anti-pollution standards, summarized in
Table 2.8, and the provisions of the Port and Tanker Safety Act
of 1978. Included ir these regulations is the requirement for
protective segregated ballast or new and existing ships and
barges.

The second set of rules, published in the 14 June 1979 is-
sue of the Federal Register, pertains to barges of smaller size.
In summary, these regulations require that clean product barges
of less than 30,000 DWT and crude oil barges of less than 20,000
DWT built after 31 December 1979 have double hulls of greater
than 241" separation and between which no product can be carried.
No existing single-skin barge can be operated after 1985 after

they have reached twenty years of age unless they are retrofitted
with end voids and a double-bottom or double-sides or unless they
are operated in restricted trades in which there would be a neg-
ligible probability of a polluting spill.
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Table 2.8

Summary of IMCO Tranker

Construction Anti-Pollution Regulations

ISBT1 20 00)0 IMWI' and ot.er ( Note 2)
Crude 4. uvN

oil IUS
New ves1 Second radar
Determining dates CAA 10 000 GT and over at HS (6/79) (Note 1)
June/',91 Cunt raict date Steering
Jan./80 Keel la inug Ill 3i0fl01)WT -tndu oer
June/S2 D~elivery Petroleumn S111I

products, I ;- 20 000 DWVT and over

Second radar
C AA 10 0W0 GTand over at 1HS (6/79) (Note 1)

[ To-r 4011 i D\T and o' e-r SB'I'or 704)0U0 IA)W'and over at H.M + -2 6'
SITor at II / their- COW 40 000 to 70 OuO MVT at I + 4 (4i,,.i

2G 0 00Dvand over aII,+ 2(6/81)

2000 0000 DWT at IHS + 4 (6/83) (Note 3)

Crude Second radar 10 000 CT and over
oil CAA at 1HS (6/79)

Steering 10 000 GT and over at HS + 2 (6/81)

Existing C BTI or 40 000 Dwi'Fand over
vessels SBT at HM (6/SI)

Petroleum IGS 70 000 I)WT and over at IIS 4 2 (6/81)
products 40 000 to 70 000 [)Wl at HS + 4 (6,'83) (Note 4)

Second radar 10 000 CT and over at HS5 (6/79)
CAA
Steering 10 000 GT and over at HS + 2 (6/81)

NoTF: Dates in ( )are dates by which Resolutions 1land 2 adopted by the Conference recommend putting these requirements into effect, withc~ut

waiting for entry into force of the Protocols.

1. Explanation of Terms. IG S-Inert gas -- stem, to comply with SOLAS Protocol. Chapter It -2.
CAA-Collision avoidance aids: performance standards are to be de- Reguilation 55 and 64).

P'L-irtective location of segrarated ballast tankts to provide pro-
veloped by 7/1/79. SOI.AS 7-t, Chapter V. will thenr he amnendled (,1 require ciinocaosacsiiaen olsinrgoudn.tcopy;
CAA on all shipsoif 1i) 014 H) (;and ovter at a timie to be agreed upon. tARtioL otc olo spacul n ar o dion or grudwtE.copvNi

CBT-Dc:dicated clean bAllast tanks. Existing, tankirs, may' operate MAIergtd als. akt cml it AIO ProtocolH-ato 3.
with dedicated clean ballast tanks in accordance with the requirements Regulation 1:3.
of Regulation 1:3 and 13A of the MARPOI. Protocol, and the Specifica- Scn aa-eurmn o tlattordrec aaieo
tions in Resolution 14. Scn aa-eurmn o tlattomas ahcnbco

COW Crue ol wshi2, o cmpl wih te rquiemetsof Regu- operating indlependently of the other. SOLAS Protocol, Chapter V,
lation 13 and 1:1B of the MARPO!. Protocol. Rglto 2

DVT"-Deadweight tonnaethdierneimticosbtwn Steering-Improvements to steering gear and steering, gear control

the displacement of a ship in water 1specific t.ravit\ iof 1.025) at the load sse eurmnscnandi O.\ rtcl hiir lI
waterline corres;ponding to the as~igned sumnimer t reeli a rd land the dis- illat ion 2and 29. and cliaiiiz( ti operating requircenns tuse it auloil ic

lacmen o a hipinmetncton wih'.ii cago ful illo ica ig oil vil. t. ste. rin- test ing a rid drill1-. etc.). i n Chapter V. H U 1:1 ion 19. 1 9 1.
Paemn and a92 strte reuin meivi 

non firou existing. taner. oilie 
tor i niiig

ballast water, fresh water and feedwater in tanks, consumable stores, atnd to-2 sDteeiedr; operting freqiremngtsnr.;acote ito effectIi
passengers and their effects, earier.osern er oeaigrqieetsmycm noefc

GT-Gross tonnage is thei total measured cubic volume of a ship ex- 2.ainert a ytmi eurdweee akrue rd i

pressed in units of lull cu ft with certain spaice exemptions.9.Ainrgasytmsreuedw nvratnkrsscueol

HM-rDate of entry into force wi NIARPOI'. roocol tincorporating ~sig
MARPO. 7N it~elfi. Targevt (late of 6/ml wA cstahilishd by l?u-,lution 1. 3. Between 20 000 and 40 000 I)WT. the Administration of a Hlai State
Dates in ) in Table 2 are dates by -A bich Ri lii: - ins I aind 2 re:oin- nmav gra nt an exemption tic the requnirement for It S, if li:bna'c
inendled putting these requirements into etfect. without waiting tiir entry wasbiniz machine,, (that is. tank washing machine, hiing .iii indi\ 1611.i
into force of the ProtocolIs. t hroui hpu t of greater t han 01 cii lic met crs per hoir) are not ti? te~d in

HS-lDate of entry into force of SOI.AS Protocol. Target date of 6/79 the ship's design characteristics make it imprartii able to lit ltGS.
was established by Resolution 2. Dates in ( ) in Table 2 are dlates by 4. Tonnag:e limit for IliS is to be reduced to 2(0 ON'~ 1)\\T if tank was;h:ng
which Resolutions; I and 2 recommend putting these reqirements into machines having an individual throughput of greater than 60 cubic met Iers
effect, without waiting for entry into force ol the P'rotocols. per hour are fitted.
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By the way that these proposed -eu].,tiors are currertly
written, there would p,'obably be little impact or the tark OVTb
industry. The first regulations for the large vessels affect all
ships ard all types of UGTBs alike. Therefore, no system would
benefit over another. The second regulations for the smaller
vessels pertain only to barges ard as written are not applicable
to ships. Thus, it might be possible for a small self-propellcd
barge to be built with a single-slkin, while a ron-propelled barge
of the same size would have to have a double-hull. lowever, it
is not likely that this would occur. The costs resultirg from
the ship's crew and propulsion machinery being under Coast Guard
licensing and inspection would certainly outweigh any hull steel
savings due to single-skin construction. Also, as these
regulations pertain to all OGTBs, no linkage design would be
favored over another.

T 'overall economic impact of these regulations should be
comparatively small. They do increase the cost of constructing
new tank barges (7) but this is compensated for by lower oil
spill cleanup costs and a cleaner environment. Also, since
existing single-skin barges may operate for up to 15-20 years
without retrofit of segregated ballast tanks or double-hullos, the
impact or these operators will be rather small; or a
present-valued basis. So, although they will have to raise their
rates to pay for the expeditious removal of single-skin barges,
the rise can be gradual so that tank barge operators should not
be seriously hurt by other competing transport modes.

Next consider tug inspection. It is the Coast Guard's cor-
tertion that a loosely-linked OGTB with a 13,000 horsepower tug
pushing a 35,000 DWT barge is no different than a ship with the
same horsepower and deadweight. Therefore, the system should be,subject to the same inspection and licensing requirements
pertaining to an equivalent ship. However, under current law,

the Coast Guard has no legal justification for writing
regulations to enforce its contention. The law states that any
motor powered vessel under 300 GRT is not subject to Coast Guard
inspection and if it is under 200 GRT then it is also not subject
to officer licensing. Since the pusher tug in a loosely-linked
OGTB is a tug vessel capable of independent service, it comes un-
der the provisions of this law. Apparently the orly way that the
Coast Guard could assert inspection jurisdiction over these tugs
is if the law is changed. Giver the realities of the situation,
change in the law is unlikely unless one of the super-sized
loosely-linked tank barges is involved in a serious accident

(7) The percentage increase in construction costs due to
double-hulls is reduced as the barge becomes larger. Ore opera-
tor believes that the cost of a double-hull becomes negligible
for barges of greater than 30,000 DWT.
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which -e-ults in the pul uti)n .f , 0 t f, u]I b(e z oc' fi :.hi
ground. The public out., e'y will t ,r j i kel y irduce a cha,'c ir
the 1 aw ma kirg thcose tu;s subj ect t,-) Coast Gua'd inspectior:.
Howve-, it should be -e;3 ized that uniess the 1aw is chnrged o
that all moto- driven t-rspotn vessels of' less than 00 Gia" ar :d
greater than so many ho, spow come unde, Coast Gua -d
inspection, then the operators of' the loosely-linked OGTB systems
may decide to operate their systems in the much more hazardous
pull-tow mode if the additional fuel and insu-ance expenses
incurred are less than the increased manning and const'uction
costs resulting from such inspection.

2.3.2 Future of Mlechanically-Linked OGTBs versus Ships

In the economic analysis presented in Section 2.1, it was
mentioned that mechanically-linked OGTBs have capital construc-
tion and crewing costs less than those of a ship of equivalent
capacity. Additionally, OGTBs were said to be more flexible due
to their separability. The orly disadvantage that a
mechanically-linked OGTB was said to have compared to a ship
would be its higher fuel cost -esulting from the hydrodynamic
flow disturbances caused by its linkage. However, if we scruti-
rize the first two OGTB advantages, in construction and manning;
we may see that they might be only transitory phenomena.

Consider first construction costs. It was mentioned previ-
ously that OGTBs. could be built less expersively because tug and
barge could be constructed concu-rently in specialized
low-overhead yards. However, if there are advantages in building-,
the propulsion and cargo units in sepa-ae specialized yard:, the
same car be done for a ship, as was demonstrated by the corstruc-
tior of the Great Lakes vessel Stewart A. Cort. (8) As for the
lower manning of OGTBs, there is no technical or regulatory -ea-
sot why ship crews can not be reduced to the same size as third
generation OGTBs if they are as fully automated and follow the
same maintenarce policy. For example, the gas turbine 35,000 DWT
Chevron tankers are certificated by the Coast Guard to be manned
with fourteen mern and they are crewed with seventeen, not much
more than a mechanically-linked OGTB. So, in the future, a thi-d
generation mechanically-linked OGTB should not be ary cheaper to
construct or to man than an equivalent sized ship that is built
and operated under the same conditions.

(8) The cargo component was built in a new modular construction
yard which was ideal for the cargo unit specialization. The pro-
pulsive bow-stern component, however, was built at a large
shipyard, probably to ensure that all construction would remain
within company owned facilities. So, in this case only partial
specialization of facilities was achieved.
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In the fong 'un, th,2 -orly v iI id reason why an op.erto" -
ailxh,, war". to build a mcch;riczlly-linked OGTI3 rather than a shi p
wou d be to take advantage of the flexibility allowede.by its
sepjibility-.-useful fo' t-adc i most ecoromically run in "the
drop-;rd-swaip mode of operation as discussed in the last sectio., .
Howev e, since there are still these transitory economic
advartages of mechaicailly-linked OGTBs over ships, they are
still being built, buL only in transoceanic and intercoastal
trades. .s demonstrated later neither ships nor

mechanically-linked OGTBs are competitive any longer, in coastal
trades.

2.3.3 Future of Loosely-Linked ard Pull-Towed OGTBs
versus Ships and Miechanically-Li-ke-d (GTBs

Unless Coast Guard regulations change, both loosely-linked
and pull-towed OGTBs will not have tugs subject to Coast Guard
inspection. This will allow them to have substantially less
crewing and construction costs compared to ships and
mechanically-linked OGTBs. The only advantage ships and
mechanically-linked OGTBs have over these other OGTBs is better
fuel economy resulting from their smoother lines, better poten-
tial safety record resulting from Coast Guard inspection, and
better maintenance achieved by the larger crew onboard. These
advantages will probably not outweigh the disadvantages in short
distance coastal trades where fuel savings will not be as great
and where maintenance can be conveniently scheduled to be
performed by shoreside personnel. As for safety, it has been
argued that Coast Guard regulations cause ships to be
overdesigred and that many of the inspection requirements have
little real worth. Whether this is true may be learned from the
future safety record of the OGTB systems.

Giver the above arguments, it would be expected that in the
-future, loosely-linked and pull-towed OGTB systems should dis-
place most small, moderate speed ships and mechanically-linked
OGTBs from the coastal trades. Whether loosely-linked OGTBs will
displace them from long distance foreign trades will depend on
the magnitude of the resistance penalties caused by the linkage,
the reliability of the linkage in ocean crossings, and the safety
and mecharical reliability of the systems resulting from small
crew size. Since none of these loosely-linked systems have been
designed to operate in long distance ocean trades, it may be
foolish to conjecture wnether they would be the most economical
system to operate in these trades. However, if the linkages are
capable of withstanding ocean forces, it should rot be unexpected
to see these systems trading trans-ocean in the near future.

2.3.4 Future of Loosely-Linked OGTBs versus Pull-Towed OGTBs

Loosely-linked OGTBs are considerably more fuel efficient
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thir pul to'.,J OG'xL Whetheo tJl c.e the y s outWei "
costs arj ) o5-; of flexibility incu,-ed by tue lir, kage p-ob ib].y
depends or. the distance of the trades ard te flexibility desired
by th opc,'ato , . It wOuld be expected that in the future, short
distance t,'ades, say from Nlew York to Philadelphia, still could
be ope-ated most economically with pull-towed OGTBs sirce fuel
saving f-ore pushirg would be small. However, for moderate -utns,

the advantagcs of push,-towirg should predominate and it would be
expected that loosely-linked OiTBs will dominate these coastal
trades.

2.3.5 Summary of OGTB Future Prospects

Given the above a-guments, the following can be said for
the future of OGTBs:

Ships sh ild supplant mechanic.ally-linked OGTBs in long distarce
trades for which drop-and-swap operation is not economical.

Loosely-linked OGTBs should supplant ships and

mechanically-linked OGTBs in moderate distance coastal trades.

Pull-towed OGTBs should supplart ships and other OGTBs in short
distance coastal trades.

The above assumes no major changes in the regulatory struc-

ture pertaining to OGTBs and ships. If the tugs of

loosely-linked OGTBs later come under Coast Guard inspection,

then I would expect that self-propelled barges would supplart
them in the longer distance trades that are not amenable to
drop-and-swap operation, and that the pull-towed OGTBs would sup-
plant them in shorter distance trades.

The above also assumes that river type single tug-mary
barge (STMB) operations as could be provided by SEA-LINK or
FLEXOR linkages do not penetrate the coastal trades. Although
the initiation of such a concept is difficult, it may be that in
the future that a single large shipper or a group of shippers
will be willing to invest in the many units required for a suc-

cessful STMB operation. If such an initial operation proves eco-
romically profitable, then STMB operations could become a major
part of coastal trades.
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ANNEX A TO CHAPTFR 2

SLUIMARY OF U.S. COAST GUARD REQUIREMENTS

FOR OCEAN-GOING TUG-BARGE COMBINATIONS (1)

A. INTRODUCTION

It is generally thought, at least by some members of the Maritime
industry, that ocean-going tug-barges have evolved to their pres-
ent status, as replacements of conventional, ships, due to one
primary reason: to avoid certain "rules."*

Which rules? The ones generally cited are The Coast Guard
regulations and Load Line regulations which affect these three
areas:

1. Use of certain USCG standards and criteria in the con-
struction of the vessel if it is inspected, but other-
wise not necessarily applicable if the vessel is
urinspected. (Certain aspects of those standards are
regularly re-inspected during vessel operations.)

2. Use of deck officers and engineers having certain levels
of "recognized" qualifications, such qualificatiors be-
ing "lowest" for uninspected motor tugboats below 200
GRT, except if it is "mechanically linked" to the barge.

3. Use of a reduced-freeboard load line for un-maned
barges relative to conventional vessels of comparable
size.

On the followirg several pages are summaries of the several sets
of regulations which are thought to be the "rules" that OGTB's
may possibly avoid to some extent, depending on their size, oper-
ation and "linkage" between tug and barge.

(1) This material is a corrected version of Section VII of Mari-
time Administration (1979) which was compiled from research data
provided by the author.

*As with paying taxes, rule avoidance is legal, rule evasion is
rot.
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B. TUGBOATS: INSPFCTED OR UNIrSPFCTFD

A tugboat is subject to Coast Guard inspection wherever any of
these conditions obtain:

(1) it is steam powered,
(2) it is motor powered, sea-going, and over 300 gross tons,
(3) it is carrying passengers, flammable or combustible

liquids in bulk or other dangerous cargoes, or

(4) it is "mechanically linked" to a seagoing barge.

Otherwise, tugboats require no Coast Guard inspection. All Coast
Guard regulations pertainirg to unirspe.cted.ves~el.s are .contaired
in parts 24-26 of' Subchapter C of Title 46 of the Code of Federal
Regulations (CFR). This Subchapter is comparatively short, less
than twerty pages.

All Coast Guard regulations pertaining to inspected vessels are
contained in Subchapter I of Title 46 of the Code of Federal
Regulations. These regulations concern both construction and op-
eration of these vessels as well as the inspection required.
These regulations are very detailed relative to those for
uninspected vessels.

C. BARGES: INSPECTION AND FREEBOARD

Barges require Coast Guard inspection if they are seagoing and
over 100 GRT. Inland barges, except those carrying passengers or
flammable or combustible liquid bulk cargoes or other
hazardous/dangerous cargoes, do not require inspection.

Unmanned barges may be granted a 25% reduction in freeboard, -el-
ative to conventional (manned) vessels of comparable size, in ac-
cordance with the 1966 International Load Line Convention.

D. QUALIFICATIONS OF TUGBOAT OFFICERS

The knowledge and experience requirements for the officers of
tugboats depend on whether the tugboat (i) is inspected or
uninspected, (ii) is operating on the high seas or inland waters,
and (iii) is greater or less than 200 GRT or 300 GRT.

For uninspected tugboats of (a) less than 200 GRT operating in
any area, or (b) of any tonnage operating on inland waters, only
the deck officer on watch must be licensed as an Operator or
Second-Class Operator of Uninspected Towing Vessels in accordance
with 46 CFR 10.16. Engineers for this class and size of vessel
are not required to be licensed.

For uninspected tugboats between 200 and 300 GRT operating on the
high seas, both the deck and engineering officer on watch must be
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licersed in accordance with U6 CFR 10.Ii. The experience and
knowledge requirements for the deck officers, maste-s and miate,
on tugs of this size (20U-300 GRT) are considerably more comnpre-
hensive than those required for Operators of Ulrinspected Towing
Vessels (under 200 GRT). The requirements for the engineers are
much less comprehensive than those required for those serving or
inspected tugboats (above 300 GRT or mecharically linked).

For inspected motor tugboats greater than 300 GRT operating or
the high seas the knowledge and experience requirements for deck
officers must be at least in compliance with those specified in
46 CFR 10.05 for master and mate of Freight and Towing Vessels
not more than 1000 GRT. These requirererts are similar to those
bf "the insOec'ed -goang6ing vessels. Engineering o'f'ces

must meet the requirements specified in 46 CFR 10.10, which are
the same as for any other vessel.

E. MECHANICALLY LINKED VESSELS

When the tug and barge are "mechanically linked," the combined
unit must meet certain requirements that may be "avoidable" if
the two components are linked by some other means.

Even if the tugboat part of a mechanically-linked unit is less
than 200 GRT, both components must be constructed and regularly
inspected under the supervision of the Coast Guard in accordance
with Subchapter I of Title 46 of the CFR. In contrast,
uninspected tugboats require no inspection while under corstruc-
tion or later, and are subject to a limited number of safety and
operation regulations, as promulgated in Subchapter C of Title 16
of the CFR.

When the two components are mechanically linked, the number of
officers and crew, as well as their qualifications, is determined
by the Coast Guard. The deck officers (masters and mates) must
at least be licensed as master or mate of Freight and Towing Ves-
sel rot more than 1000 gross tons in accordance with 46 CFR
10.05. Currently, they are required to have licenses based or
the combined gross registered tonnage of the tug and barge. The
engineers (chief and assistant) must have licenses in the same
way as any ocean-going engineer, in accordance with U6 CFR 10.10.
The mirimum size crew certificated on these vessels has beer
fourteen persons.

In contrast, for uninspected tugboats under 200 GRT, frequertly
manned with 10 or less men, the only requirements on the number
and qualification of the crew are.

(a) deck watch officers must be licensed as Operator or
Second-Class Operator of tlnirspected Towing Vessels,

2-55

i ~~~M -.-- ,,



(b) crew m'.st be divided irto three watch sections or voyages

of greater than bOO miles, and

(c) 65' of deck crew must be at least Able-Bodied Seamen.

An interesting rote is that an Operator of Uninspected Towing
Vessels is not considered a licensed officer nor is he considered
crew for the determination of the number of AB's.

F. DESCRIPTION OF REGULATIONS

. .. .Re'guI~tio I :.. . . . . . . . . . . . .

The tugboat, while underway, must be under the actual direction
or control of a Coast Guard licensed Operator of Uninspected
Towing Vessels, or Second-Class Operator of Uninspected Towing
Vessels if an Operator of Uninspected Towing Vessels is onboard.
Persons so licensed may not work on a vessel while underway or
perform other duties in excess of twelve hours in any consecutive
twenty-four hour period except in case of emergency.

Regulation II:

65% of deck crew, exclusive of licensed officers and apprentices
are to be of rating not less than Able Seamen. Requirements for
Able Seamen are (1) to be at least 19 years of age, and (2) to
have served at least 18 months on the Great Lakes, on bays and
sounds, or at sea.

Regulation III:

The licensed officers and sailors, coal passers, firemen, oilers,
and water tenders shall, while at sea, be divided into at least
three watches except for those voyages of less than six hundred
"miles when the licensed officers and members of the crew other
than coal passers, firemen, oilers, and water tenders may, while
at sea, be divided into not less than two watches. Licensed
officers or seamer in the deck or engine departmert shall not be
required to work more than eight hours in one day, when governed
by the three-watch provision.

Regulation IV:

If an uninspected vessel engages on a voyage of 12 hours or less,
such vessel shall have a Master and Chief Engineer in charge of
the watch continuously. If desired a mate may serve as
navigating officer in charge of the watch as a relief for the
Master. If desired, an Assistant Engineer may serve as the Engi-
reer Officer in charge of the watch as relief for the Chief
Engineer. If an uninspected vessel engages on a voyage of over
12 hours duration, such a vessel shall have a Master, Mate, Chief
Engineer, and Assistant Engineer and such officers shall be in
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charge of' their respective watches continuously, except that an
un. inspected vessel which i', ecuipped with full pilothouse cor.to]
of the propulsion machirc'y, thus eliminating the necessity for a
continuous firerooln watch, may be manred with ar appropriate

licensed Master and Mate who shall be in charge of their respec-
tive watches continuously, and an appropriately licensed Chief
Engineer. All of' the above officers shall be licensed by the
Coast Guard.

Regulation V:

Every inspected tugboat shall have one licensed Master and two
licensed Mates if under 1000 GRT. Every tugboat over 1000 GRT
shall have in her service and onboard three licensed Mates, who
shall stand" in* three- watohes.. while..s ch. \'essel.- is .being..
ravigated.

Nothing above shall be so construed as to prevent the Coast Guard
from increasing the number of licensed officers on any inspected
tugboat if, in its judgment, such vessel is not sufficiently
manned for her safe navigation.

Regulation VI:

On any inspected tugboat, the Officer in Charge, Ma-ine
Inspection, of the Coast Guard shall dete-mire the minimum rumber
of ergineers and other crew necessary for the safe navigation of
the vessel.

Regulation VII:

The Coast Guard shall license and classify the Masters, Chief
Mates, Chief Engineers, and Assistant Engineers of all inspected
vessels.
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APPLIC:%31ITY OF Ui57CC R7G'U74JTIONS

(see previous pagjes for description or regulations)

Vessel Size Over 26' 110-200 12U0-300 Above
Under 100 grt gtgrt 300 grt

Regulation ~. .. ...- .-Applicable(Note 1)- bw -- Applicable(Note 2) -

III......Not Applicable. Applicable(Note 3)

IV ..... No Applic Abple ApplcApLe(Not e ) te5

IV.......4--Nt Apia--- plble-4 Ap~cbeNt 5)lcal

V..............Not Applicable Applicable

VI . . . . .N t pp Ica l (Note 6)

VII -Not Applicable .. ~Applicablet (Note 6)

Notes: I
1. All uninspected tugs operating in any area, excepting those

tugs in mineral and oil industry.

* I2. All ininspected tugs operating in inland waters.

3. All tugboats operating in any area except on rivers and
smaller lakes and on bays and sounds connected with the sea.

4. All tugboats operating in any area except those navigating
rivers, harbors, lakes(other than the Great Lakes), bays#
sounds, bayous, and canals exclusively.

5. All uninspected tugs navigati ng the high seas.

6. All inspected tugboats.

References:

1: 46USC405(b) II:46USC672,672b III: 46USC673
46CFR10.16 46CFRIS7.20-15(b) .46CFR157.20-S

46CFR157.01-10(c) 46CFR157.20-15(b) 46crR157.20-10
16CFRlS7.*30-4 5

IV: 46r3SC224a V:' 46USC223 VI: 46USC222,224
46CFR157. 10-15 46CFR!57.2c-35 46CFR157.20-3S
46CFR157.30-10 46CFR157.20-30

VII: 46USC224
4=10l.02-10.10
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ANNEX B TO CHAPTER 2

COMPARATIVE COSTS OF TUG-BARGE CONFIGURATIONS*

This presentation will first offer my judgment in the difference
in costs between various forms of tug-barges. Then I will p-es-
ent some of the background that has been recently gained ir the
difference in costs between ITB's and ships of a rather similar
nature.

First, regarding the'di'fferente" i-r cust's of'' various. .tug-Vx ..e ....
combirations, we will consider a barge of about 25,000 deadweighL
tons as the basis for comparison, the barge being a
double-bottomed product carrier towed at the end of a hawser by a
7,000 horsepower tug. Using the acquisition costs per deadweight
ton as the measure of relative costs between the tug-barges and
ships, we can construct a table as shown below, in which other
variations include the use of larger power plants, slow speed
diesels, notches, linkages, ITB-configurations, and larger ships
and ITB's.

RELATIVE COSTS OF TUG-BARGES AND SHIPS

Vessel $/DWT %

25,000 DWT barge towed by hawser 668 Base
with 7,000 BHP tug

25,000 DWT barge towed at the end of 96U +4U%
towline by 13,000 BHP Belcher type tug

25,000 DWT barge push-towed in an 675-688 +1% to +1%
average notch with a 7,000 BHP tug

25,000 DWT barge push-towed by a 691-711 +3 1/2%-6 1/2%
7,000 BHP tug in a notch that
allows heave between tug and barge

25,000 DWT JAMIE BAXTER type ITB 1168 +75%
with 7,000 BHP tug

*A paper presented by Melvin Colen, Avondale Shipyards, Inc., New
Orleans, at the MARAD sponsored Ocean-Going Tug-Ba-ge Planning
Conference at New Orleans on 26-27 March 1979. This paper
represents practically the only publicly available information
concerning the relative costs of the different OGTB systems.
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25,000 DWT ITB3 powered by 1200 +80%
13,000 BIIP medium speed diesels

25,000 DWT ship powered by 1300-l50 +95% to 117%
14,000 BHP slow speed diesel

17,000 DWT ITB with 16-17,000 BHP 975 Base

45,000 DWT ship with 14-16,000 BHP 1120 +15%

NOTE: All 25,000 DWT vessels are designed for clear products of
8.5 BBl/Ton.

The above numbers are my judgment of relative costs or an
.ndu rs'r,-Ywide " "basis ° tnd do rot represent any pa.rticular ships.
The relationship can shift with individual specifications,
numbers of vessels, and size ranges, as fixed program costs vary
significantly among the different types of vessels. Deviations
of as much as 25% are possible, but the iridicated trend is con-
sidered generally valid.

Comparative Costs of ITB versus Ships

About a year ago I had the opportunity of jointly directing the
design of a 41,000 DWT Supe-phosphoric Acid Carrier. This ship
would trade on long ocean voyages. This ship as developed
reflected a specification standard, which is high and suitable
for charter to major oil companies without significant additions.
The structure reflected our design practices. The ship competed
against an ITB for a transportation agreement and cost. We also
bid the ITB and offered an alte-rate structural design reflecting
a system similar to tat designed for the ship. Our bid was
accepted. Therefore the two vessels were designed to a constant
.structural system, eliminating that variable. The pertinent data
for each vessel is as follows:

Item ITB Ship

Price $47 Million $55 Million

LOA 592' 2" 602' 11

LBP 572' 0" appprox. 570' 0"

Beam 95' 0" 105' 10"

Depth 50' 0" 55' 0"

Draft (designed) 37' 0" 37' 3"
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Horsepower, MCR 18,2o 111,200

SPA Cubic 100% 822,0,0 667,555 '.

Oil Cubic 100% 87L, 755 972,500

Ballast Cubic 100% 435,720 52U,121

Total Cubic 2,132,485 2,16,U,176

Steel Weight +250 LT Base

Accommodations Base +$4OOK to $500K

Propulsion Twin Screw Single Screw

Double Bottoms .Yee ............. Yes ...... ......

Number of Cargo Tanks 28 28

Pumping System Fromo Fromo

There were many specification and system differences reflecting
the experience and thinking of the two different operators with
different backgrounds, but individual difference was of ar order
of magnitude that would rot explain major portions of the cost
difference.

Obviously we have a paradox. The industry's experience is too
limited to definitely answer the paradox at this time, but I be-
lieve that some of the significant factors are as follows.

Specification Requirements ITB's do not have the room, and the
operators have the orientation of austerity. Ship operators are
accustomed to satisfying charter requirements of major oil
companies which increase the rumbers and quality of the items of
supply in virtually every category. The vessels are not to equal
standards, and the cumulatiave effect is significant.

Estimating Standards Barges and tugs are estimated using historic
returns for tugs and barges, while ships reflect their historic
costs. As programs have beer conducted differently, cost
histories are different. Some of the factors affecting cost
histories are discussed below.

Hull Form In the example given above, the block coefficient for
the ITB was about 0.79, while the ship's was 0.73. There is
about a 1 1/4 knot speed advantage for the ship at the same
power, and the ship will use far less fuel. But the cost of the
ship is correspondirgly higher, as fine ends cost more.
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Pro[.:Lm Adinmni J;trzition. Tug s -d bawges have t-aditiortally
r equi"ed less contract adii iristration , less engiree-irg, less
trials, a lowe" level of inspecbior, and gcrerally less &f all
administative work. This is a sigrificant cost diffe-erce when
we a'c d, ulirg withsmall qua titities of vessels. As ITB's he-
come larger ard as more ship-oriented people become involved,
this and other differences will nar-row.

Building Period For "easons of administrative work, procurement
lead time and other factors, tugs and ba-ges have beer
corst-ucted in shorter periods of time thar ships. This could be
a significant cost saving. However, as ITB's get la-ger and use
more sophisticated equipment such as slow speed diesel engines,
this advantage will narrow and may disappear.

In summary, a significart'cpo'st dri'fr@ erc@ "p*esertl'y * exists be-
tween ITB's and ships. For the long range, this difference is
controlled by the ship owners. If equal standards are maintained
throughout, there is no engineering reason why the costs cannot
be equalized; howeve - , the nature of discipline to reduce ship
costs has not been applied to date.
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CHAPTER 3

APPLICATION OF OGTB'S TO MILITARY OPERATIONS

The Military Sealift Command has three primary mission
areas in peacetime:

(1.) Cargo Transport

(2) Naval Fleet Auxiliary

(3) Scientific Support

The first two areas, cargo transport and Naval Fleet Auxiliary,
must be enormously expanded to fulfill the increased logistic
demands generated by contingency or mobilization operations.

It is the purpose of this chapter to show how OGTBs can be
successfully used in peacetime to satisfy many of the
requirements generated by the three mission areas and to show how
OGTBs have enormous potential to satisfy the expanded
requirements of contingency and mobilization operations. This
will be done by discussing each mission area separately in the
following sections.

3.1 OGTBs for Military Cargo Transport Missions

3.1.1 Peacetime Operations

In peacetime most commercial cargo, both dry (break/bulk,
containerized, and wheeled) and liquid (POL), is moved long

Fdistances through large, high-throughput port facilities. These( types of movements are most economically served by the large,
specialized and highly productive commercial vessels of the U.S.
merchant marine. These large vessels are economical due to
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sav in, rusulting froii .coro:'ies of sCale. ( ) They arc .ry
productive because they move large caLgoes rapidly and spene lit-
tle time in port. (2) The short port times are the resul!, of the
ship beinrg designed tD interface with sophisticated port
facilities that have specialized cargo handling equipments. Fven
in the case of PO/ RO vessels which only require properly
configured quays to accept the ship' s stern and sideport ratrips,
the port must have sufficient draft to accept the vessel for dis-
charge and pier space to marshal its cargo.

The above discussion certainly applies to peacetime mili-
tary movements as well; and today, most military dry cargo is
moved by these large, fast vessels. On the other hand, little
POL is moved by supertankers. This is because most of the mili-
tary POL terminal facilities have neither the draft nor the
tankage to accept such large vessels. Nor do most of them have
the throughput requirements to warrant the improvements required
t-o • allow .tlemn. to ac.c.ept su.ch.l.arge vessels. Thus, many of these
long distance POL trades are being served by rather small
vessels. This is uneconomical since small ships cost several
times more per ton-mile than a supertanker. As explained later,
OGTBs may offer a solution to this dilemma.

Although most military cargo is moved rather long
distances, some is also moved intra-area. Many of these types of
trades are similar to the commercial coastal trades discussed in
Chapter 2 and would be most economically served by OGTBs, either
in the integral or drop-and-swap mode. This is discussed further
in the next subsection.

(I) By economies of scale it is meant that the cost per ton-mile
transport capacity becomes smaller as the ship becomes larger.
This is the result of the lower capital and operating cost per
deadweight ton of the larger vessels. Construction cost per
deadweight ton becomes smaller because as a ship's capacity
increases cubically its surface area and thus its hull cost only
increases quadratically. Operating costs per deadweight ton also
decrease with larger ships because (1) the crew size remains
practically the same for any size vessel and (2) the fuel con-
sumption per deadweight ton decreases with size. The latter is
due to both the smaller frictional and residual resistance per
deadweight ton of larger vessels. In addition, port facilities
also exhibit economies of scale.

(2) Ships are transport vehicles. So, the less time they spend
in port and the more time they are at sea moving cargo, the more
productive they are in their primary function. On the other
hand, since OGTBs are a separable combination of propulsion and
cargo units, the propulsion unit need not be tied to the cargo
unit during port operations; so, an OGTB's overall system produc-
tivity is not as sensitive to cargo operations.

3-2

F. _...- - w. .... .~llI..........lll



Pc; ,t irn Conqst;,l Operations

N.ost military intra-area operations requi-e movemenl*.of dry
and liquid cargo short distances for discharge at shallow d-aft
ports. These are similar to the conditions faced by many U.S.
coastal shippers of oil products and other bulk commodities. As
discussed in Chapter 2, such trades are more economically served
by OGTBs and the same holds t-ue for military intra-a-ea
movements. For very short distance movements, say less than 150
miles, inexpensive 1st generation OGTBs would be adequate. For
longer distances, 2nd or 3rd generation OGTBs would be
appropriate. In any case, OGTBs should be seriously considered
as a less expensive ship replacement in many current military
coastal cargo transport operations. They would be particulary
appropriate for use in the shallow draft, short distance
Japan-Korea POL and Gulf Coast/Caribbean Island replenishment
operations.

Most of these intra-area trades have rather small
throughput requirements so that integral mode of operation would
usually be most appropriate. However, there may be some trades
that fall within the criteria listed in Section 2.2.5 that would
make drop-and-swap operation more economical. This would be the
case if draft limitations forced the operation to be handled by
several small barges or if the barges remaining in port could be
used instead of, or supplement to onshore storage facilities.
Certainly, the ability to operate in drop-and-swap mode makes
these intra-area OGTBs potentially more economical when cargo
requirements increase, as in the case of a contingency operation.
All that is needed to change from integral to drop-and-swap oper-
ation is the addition of some barges.

Peacetime Shuttle Operations

As previously discussed, many long distance shipments of
POL occur in rather uneconomical small ships, often smaller than
30,000 DWT. This is primarily because most discharge ports can-
not accept the large deep draft tankers. (3) This results in the
transport costs for this oil to be at least three times (4) as
great as would be possible if the larger ships were utilized.
There are two alternatives that might result in lower system
expenses.

(3) It is recognized that in peacetime that most U.S. refineries
do not have shoreside tankage large enough to provide a
supertanker size cargo of refined products. In this case shuttle
type consolidation might be needed in the loading area.

(4) This figure is based on the different worldscale values
reported for recent time charters of tankers of 22-40,000 DWT
versus tankers of 100-130,000 DWT.
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One is to utilike one po-t or safe ancho'age in the over-
seas operational aL.ca as a major POL storage terminal car!'able of
storing the cargo of one or mo~e supertankers. If this po-t had
insufficient draft then it could have the supertankers discharge
at anchorage via an offshore single point mooring or via
lightering operations using OGTBs as the means of shuttling the
cargo from supertanker to shore. If insufficient shoreside stor-
age capacity was available, then some barges could remain loaded
and moored alongside a POL reception area or anchored out in a
safe area until ullage was available for the product. Then, as
the other POL terminals in the area required products, the still
loaded or newly loaded (from shoreside storage) barges could pro-
ceed in a coastal type operation as previously discussed. Wheth-
er the OGTBs used for the lightering operations are also used for
the coastal operations will depend on their size and
capabilities. (5)

The other alternative to using small .tankers for long dis-
tance movements would be to use the supertanker as a temporary
storage tank while it is offloaded by OGTBs that shuttle its car-
go directly to the intra-area POL terminals. The supertankers
could remain stationary or could proceed to anchor off the
intra-area terminals where shorter distance shuttles could occur.
This alternative requires fewer OGTBs but delays the supertankers
for longer periods of time.

The decision of which shuttling method to use and whether
the supertanker should move or remain stationary depends on (1)
the size of the supertanker and the shuttling vessels, (2) the
distances between ports, (3) the capabilities of the OGTBs, that
is, whether they can operate in the push mode between the
intra-area ports as well as in protected waters, (4) the speed of
the shuttle OGTBs, and (5) the per diem costs of the supertankers
and OGTBs. Since so many factors whose values depend on a given
situation are involved, it is not possible to generalize which
strategy is optimum. A careful analysis of each specific situa-
tion is required.

(5) Lightering operations of this sort are conducted regularly in
this country by some of the major oil companies. Supertankers
full of crude arrive at the Gulf Coast for discharge. Due to
their deep draft these supertankers must be lightered. The crude
is then refined and distributed throughout the Gulf and East
Coast via the use of OGTBs. It might be expected that such
lightering operations would be very expensive since the
supertanker is delayed several days while it occurs. However, it
is apparent that the savings entailed by using such large ships
rather than several smaller ones for the long distance delivery
of the oil outweighs the cost of such delays.
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It should be mentioned that the above discussion does rot
pertain only to POL mov ements. Commercial operators such a:;
SEALANJD have realized the benefits of the economies of scale tor
some time. They reserve their large, high speed SL-7's. for
trans-ocean crossings and then trars-ship their containers to the
other area ports via small feeder vessels which operate in a
coastal or shuttle trade. (6) The same type of operation could
pertain to military dry-cargo movements if such large high-speed
vessels, i.e., large RO/RO ships, become part of the military
sealift fleet. In these trades OGTBs with deck barges would be
very suitable shuttle craft.

3.1.2 Contingency Operations

In a contingency operation, the amount of dry and liquid
cargo t, be moved will be substantially more than during peace-
time ope'ations. Additionally, much of the cargo will probably
have to be delivered through relatively primitive shallow draft
ports and/or beaches. Both of these conditions tend to favor the
use of OGTBs as explained below.

Shallow Draft Dry Cargo Operations at Undeveloped Ports

Certainly the most cost effective means of moving the large
amounts of materi~l demanded by a contingency operation is in the
same way most cargo is moved during peacetime: via large, speedy
container, RO/RO, and tank ships through high throughput,
deep-draft terminals. Unfortunately, the availability of
deep-draft high-throughput terminals in a contingency operating
area is doubtful at best. They might never have existed or could
have been destroyed by hostile actions. The atsence of the ap-
propriate high-throughput terminals poses serious problems for
military logistics planners. For several years they have been
attempting to find expeditious means of discharging these vessels
offshore, especially the RO/RO and non self-sustaining container
vessels. But, even if rapid discharge methods could be found (7)

(6) It should be mentioned that McAllister Bros., Inc., operates
a pull-towed OGTB along the East Coast as a container feeder ser-
vice for several liners that call New York.

(7) One non self-sustaining container ship discharge method
involves the use of a temporary container discharge facility
(TCDF), a concept being developed by the U.S. Navy, Facilities
Engineering Command. This facility consists of a vessel on which
are mounted gantry or rotating cranes that are used to remove the
containers from the ship and to place them on lightering craft.
There is no reason why these TCDFs could not be large OGTBs that
have been pvshed to the operating area by shuttle tugs. These
tugs could then be used in the operating area for other purposes.
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it is most likely that insufficient sho-'eside depot facilities
would be available to handle all the cargo and that local
commanders would probably require that the vessels temporarily
remain in queues offshore. This is intolerable for these costly
vessels which are totally unproductive while remaining in queues.

There are at least three possible solutions to the above
queuing problem:

(1) transfer the cargo from the ships to deck barges at the
operating area which would shuttle the cargo to the port fa-
cil ity

(2) offload the cargo from the ships at developed ports nearby
the operating area from which cargo is shuttled to the
operating area by OGTBs

(3) shio the cargo solely via shallow draft OGTBs from the
loaJing terminals.

The first approach is to have the large, highly productive
ships discharge their cargoes onto inexpensive deck barges which
could act as offshore storage facilities, freeing the large ships
for transport. (8) These deck barges could be then later pushed
or pulled ashore where they could be beached and discharged via
forklift or ramp. (9) Of course, if sufficient storage capacity
was available onshore, the cargo could be discharged directly

Additionally, the containers could be shuttled ashore via small
OGTBs in either a drop-and-swap or integral mode type of
operation.

(8) See Appendix A for a listing of some of the largest freight
and deck barges available in the U.S. domestic fleet, many of
which could be chartered immediately. Since these barges would
be needed rather soon after the start of a contingency operation,
it would be desirable that they could be quickly push-towed into
position. Unfortunately, few, if any, of the deck barges have
this capability. Thus, for this strategy to be successful, the
deck barges would have to be chartered at the start of the
contingency, even before the large ships are loaded. This will
ensure that they will arrive at the operating area not much later
than the ships.

(9) Most deck barges are flat-bottomed and of shallow draft which
gives them the ability to ballast down and lie on properly
prepared beaches. Since these barges are maneuvered by tugs,
they may be beached head on or side to. Also, because few deck
barges have push-notches, installation of a SEA-LINK or
SEEBECKWFRFT linkage might be appropriate to provide these barges
with the speed and better control available from push-tow shuttle
operation.
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from the large vessel into small li[lhtering craft, i.e., LCI's or
small GTi3s, and landed immediately.

A second approach would be to have the large fast ships
discharge their cargoes at a high capacity, high-throughput
advanced shore base not too far away from the operating area, say
less than 1000 miles. Then the cargo could be shuttled to the
contingency area in OGTBs. As large amounts of cargo will be
moved through rather small vessels, and since cargo discharge
time could be rather long due to the queues caused by backlogs or
inventory control, drop-and-swap operations would be appropriate.

A third approach would be to have the cargo loaded into
OGTBs at the distant supply depot rather than using the high pro-
ductivity ships. Then these OGTBs (10) could drop off their
barges at the operating area and return with an empty barge or
with the tug steaming independently. The barge could later be
pushed to the beach for discharge or lightered by smaller shuttle
OGTBs.

The decision of which approach to utilize will depend prin-
cipally on the availability of the required assets. The avail-
ability of at least some RO/RO and container ships is rather as-
sured due to the MSC Strategic Readiness Program. Although deck
barges are not part of this program, most are readily available
for spot charter. However, few of the commercially available
deck barges are presently capable of fast speed push-tow opera-
tion and thus would be suitable mainly for shuttle and other
short distance movements. On the other hand, some of the
multi-deck and newer shipshape deck barges are capable of moder-
ate speed pull-tow operation and so could be used for longer
movements. Unfortunately, most of these barges are in common
carrier trades and would be more difficult to charter. In either
case, whatever barges that are available must be chartered quick-
ly to ensure their arrival at the contingency port areas in time
to operate with larger vessels. It should be added that those
which are small enough to fit into the deep wells of an LPH or
similar type vessel or onboard a LASH/SEABEE could be quickly
transported to the contingency area and used for shuttle
operations until the larger assets arrive later.

POL Operations at Undeveloped Terminals

Most of the above discussion for dry cargo movements
pertains to POL operations as well. That is, during a

(10) For such long distance operations moderate speed would be
important. So it would be expected that 3rd generation
trans-ocean capable OGTBs with ship shape barges would be used.
All of the "mechanically-linked" and some of the "loosely-linked"
systems have this capability.

3-7-.-



cortinr(.rcy, l.'-e quantities of POL will have to be transferred
ashore throujh 11--imitive low throughput and low storage capacity
terminals. The least expensive meats of providing the long dis-
tance movement of the POL will be by supertanker for the same
reasons given in the section on peacetime operations. The prob-
lem is to find a way of offloading the supertanker quickly at
such a.primitive terminal which cannot accept its cargo nor its
draft. There are at least three possible solutions to this
problem:

(1) use the supertanker as an offshore storage tank,
transferring its cargo when needed via a portable offshore
mooring buoy connected to a shoreside discharge manifold,

(2) transfer the supertanker's cargo into barges nearby the ter-
minal which will be shuttled as needed to a close-to-shore
po-table mooring buoy or a shallow draft berth where its
cortents can be discharged through a shoreside manifold.
Cargo not immediately needed will remain stored in the
barges, or

(3) transfer the supertankers contents to a nearby major POL
terminal from which the OGTBs would shuttle the POL when
needed to the outports for discharge in a similar manner as
in (2) above.

In all three cases little or no shoreside storage capacity is
needed at the contingency area. Storage is provided by the
supertanker, the barges, or nearby major terminal, respectively.
Certainly, there is the alternative of not using supertankers at
all-. In this case handy-sized tankers and OGTBs would provide
the whole transport movement from loading to discharging
terminal. However, this method should be the most expensive
since no economies of scale are utilized.

The decision of which of the above strategies to use will
primarily depend on the availability and cost of supertankers,
tank OGTBs, and portable discharge facilities. There are rela-
tively few U.S. flag supertankers; however, many are currently
readily available for purchase due to the worldwide glut in
supertanker tonnage. There are also many tank OGTBs, many of
push-tow capability, available in the spot or term charter
market. As for portable discharge facilities, the ones currently
available in the military system can only handle vessels of less
than 25,000 DWT with use of a multi-leg mooring system. Products
can be pumped ashore via 6" lines to portable rubber bladder
tanks of 10,000-50,000 Bbl capacity.
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Expanded Coastal and Shuttle O[;c-tions

In most continLgencies, thcz will be the requirement for a
considerable amount of coastwise cargo movement. In this case,
the discussion given previously for peacetime operations applies.

Additionally, drop-and-swap operation would most likely be
appropriate due to the probable need for many small OGTBs to op-
erate through undeveloped ports that only allow cargo to be
discharged slowly. Although drop-and-swap operation with its
increased barge requirements would not be necessary if port
handling and storage facilities were better developed at the con-
tingency ports, investment in such facilities for a short term
contingency operation would not usually be warranted. The over-
all system costs would be less by using (1) low throughput rate,
inexpensive, temporary port facilities to handle the cargo, (2)
barges for offshore storage until the cargo can be discharged,
and (3 tugs only to drop-and-swap barges. It should be
remembered that the barges could be returned to commercial opera-
tion or reserve fleet after the contingency while expensive port
facilities may not be utilized at all after operations are
completed.

3.1.3 Mobilization Operations

During a mobilization, the amount of dry and liquid cargo
to be moved will be enormously more than during a contingency
operation. As with contingency operations, much of the cargo
will have to be delivered through relatively primitive shallow
draft ports and/or beaches. Thus, the discussion in the previous
subsection for such type operations apply for mobilizations as
wel'l. But, in the case of a mobilization, the cargo transport
requirements cannot be only met with the use of the MSC
controlled fleet and the. ships available from the U.S. merchant
marine. Additional assets will have to be obtained from allied
countries and/or the reserve fleet. However, as our aging re-
serve fleet (most cargo ships are 35 years old) becomes smaller
and as allies become more independent, such assets may become in-
sufficient to fulfill the logistical demands generated by a
mobilization. In this case new construction will be required.
OGTBs should have a significant role in this new construction
since they have several important advantages:

(1) rapid and extensive construction capability

(2) small crew operation
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(3) high utilization and throughput capacity through use of
drop-and- swap operation

(4~) less vulnerability and other military advantages.

Each of these advantages are discussed separately in the follow-
ing subsections.

Rapid and Extensive Construction.Capability

As mentioned previously, OGTBs can be delivered more rapid-
ly than ships of equivalent size and speed. This is because the
propulsion and cargo components can be constructed concurrently
in specialized tug and barge yards. Of course, during a mobili-
zation shipyards could be organized to build vessels in an assem-
bly line process where ship modules could be built by specialized
construction groups. This would reduce the advantage that the
specialized yards would have over the general purpose shipyards.

But, there are a limited number of general purpose
shipyards, many of which will be occupied with Naval and major
ship construction during a mobilization. In this case the tug
and barge yards will have to take up much of the burden for
transport vessel construction.

Fortunately, there are many tug yards currently in operation
that could take up such a burden. (11) They are currently build-
ing the high horsepower tugboats needed for the offshore oil and
coastal bulk cargo transport industries. There would no diffi-
culty for these yards to build several hundred tug components of
OGTBs annually, assuming that the propulsion machinery were
available.

The situation is not so good with respect to barge yards.
Although there are many barge yards capable of building small
shuttle-type barges of up to 300 feet in length, there are few
yards such as FMC and Galveston Shipyard that can build larger
ones useful for long distance and/or large capacity movements.
The biggest tank and RO/RO barges have even been built in
shipyards. (12) Although during a mobilization there would be
some shipyard ways too small to build large mobilization and Navy

(11) To get an indication of the number of tug yards currentl-y
building large tugs, just examine the builders column of Appendix
C for tugs built in the last few years.

(12) To get an indication of the number of bargeyards and
shipyards building large barges, just examine the builders column
of Appendices A and B for barges built in the last few years.
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ships, ther-e would p-obibly be 2n i-:.ufficient number of ba'-ge
building facilties for the larger barges- -certainly an insuffi-
cient number to match the tug; outpot.. In this case new barge
yards would have to be established.

It should be remembered, as mentioned in Section 1. 3, sev-

eral of the OGTB systems could be rather quickly converted into

much more capable systems, i.e., trars-ocean push-tow capable,
via the installation of more sophisticated linkages. Thus, some

of the barge yard capacity should be reserved for such conversion

operations. This puts even more pressure on the few barge yards

able to drydock large barges and provides more incentive for the

construction of new barge yards.

Fortunately, barge construction is much less complicated

than ship construction due to barges having simple hull lines and
little outfit machinery. Therefore, setting up barge yards would
be much easier than shipyards since the only major capital equip-

ment needed would be building ways and. automated steel plate
handling facilities.

Given that several new barge yards would be needed during a
mobilization to match tug yard output, a study of the proper lo-

cation and configuration of such yards would be useful to speed

up their establishment. Their output in conjunction with that
provided by existing tug and barge yards could provide a substan-
tial number of OGTBs for the type of cargo transport operations

described previously.

Small Crews

As mentioned in Chapter 1 and its Annex A, OGTBs currently
require much smaller" crews than ships of equivalent size and

speed. It was also mentioned that these differences were mainly

caused by artificial forces, that of regulation and of union
pressures. Therefore, in a mobilization it would be expected

that new ships and OGTBs of equivalent size, speed, automation,

and mission would be manned equally due to the. exigencies of the
mobilization action.

However, OGTBs do provide manning savings in those trades
in which drop-and-swap operation is feasible. In these cases,
the propulsion unit and its crew is utilized more efficiently so
that fewer tugs and men are required to move the same amount of
cargo.

Another crew saving may be achieved by converting some old
ships to barges, replacing their propulsion machinery by tugs
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with much smaller manring. (13) This would certainly be fcasible
in ships with un- i-eooms aft so that area could be converteu n-
to a pushing notch for the tug. Additionally, the cruw that
would normally be onboa~d for cargo operations could be stationed
at the ports so that they perform this specialized task on a con-
tinual basis.

Drop-and Swap Operations

During a mobilization large amounts of cargo will have to
be transported via many vessels through ports that will usually
have draft restrictions and long discharge times. As seen in
Section 2.2.5, this type of situation is ideal for OGTB operation
in the drop-and-swap mode. This method of operation is most ef-
ficient since it uses the tugs mainly for propulsion and the
barges for storage and transport. This results in OGTBs
providing more transport capacity at less cost and with fewer men
than the equivalent number of ships of the same size and
speed--saving these scarce resources for other purposes.

Vulnerability and Other Military Considerations

As mentioned in Sections 1.1 and 1.3, all OGTBs have sever-
al military advantages over ships that result from their
separability. The primary advantage is that the crew is less
vulnerable to military action.

While at sea, it will usually be the cargo component that
will be subject to damage due to its large size and draft. If
this is the case, then the tug crew can separate from the barge,
using the tug as a lifeboat. Certainly, if the tug is damaged
instead, the tug crew could abandon it and drift about in the
barge until rescued.

While in port, the tug does not have to remain with the
barge if it is dropped off near a hostile area. The tug can ei-
ther leave the danger area with an empty barge or can just await
completion of cargo operations in a safer area.

It may be thought that OGTB's slow speed, especially the
very slow speed of pull-towed systems, would make them quite vul-
nerable to submarine attack. This is quite true, but they should
not be much more vulnerable than the faster transport ships since
neither can nowadays outrun the new attack submarines. These
submarines could easily catch up with 20 or 25 knot convoys. On
the other hand, sailing many small OGTBs independently might les-
son their vulnerability since their dispersion would make their

(13) For example a T-2 crew of L3 could be replaced by a 11 or 16
man tug crew.

3-12



detect-ior more difficult. So, OGTBs might not be any more vul-

nerable than ships overall.
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.2' OGTi~ for Vleet.3'upport Operations

The Navy's task forces equi-e logistical and service- sup-
port in order to continue their operations away from established
bases. Logistical support of stores, ammunition, and POL is usu-
ally provided on station via replenishment-at-sea operations f-om
multi-product fleet support ships. These ships obtain their
products from single-product ships that shuttle their supplies
from advanced bases. Service support such as for ship repai- and
troop hospitalization are usually provided by ships located at
advanced bases. Both of these support functions can be improved
with the use of OGTBs as explained in the following two
subsections.

3.2.1 OGTBs for Fleet Support Logistics

In peacetime the Navy's task forces are on a reduced
operating schedule which does not require. them to be away from
major logistic support bases for long periods of time. Thus,
their replenishment needs can be met by the Navy's current fleet
of multi-product station ships (AOE's and AOR's) and
single-product shuttle/station ships (AO's, T-AO's, AE's, and
AFS's).

However, in a contingency or mobilization action, task
forces most likely will have to operate continuously away from
their support bases. In this case the fleet will have to be
replenished via the multi-product station ships which will re-
ceive their products from the single-product ships that shuttle
their cargoes from the nearest logistical support base. In this
case the number of station ships required depends on the number
and size of the task forces. The number of shuttle ships
required depends on these factors as well as the distance the
task forces operates from the support bases. (14) It is apparent
that if the military or political situation prevents the use of
support bases near the task force operating area, then the shut-
tle pipeline may require a substantial number of shuttle
ships--probably many more than is currently in our inventory of
such ships.

There are three possible remedies for this shortfall of
shuttle vessels:

(1) build more shuttle vessels,

(14) If it is assumed that the loading/discharging time of a
shuttle-ship is short compared to its travel time, then the num-
ber of ships required will be approximately proportional to the
shuttle distance, i.e., to double the shuttle distance would dou-
ble the required number of shuttle ships.
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(2) conve:'t some of the .IC tankers into shuttle ve.Sel s, or

(3) use a fleet of OGT13s to provide advanced base support and
shuttle service.

The first alternative of building more shuttle vessels
would certainly solve the problem, but it would be very
expensive. Additionally, these vessels would only be required
during the appropriate contingency or mobilization operations.
They would be very expensive to maintain during peacetime when
they are practically never used.

The second alternative of converting some tank ships to
shuttle operation does have some potential. As demonstrated in
the study "Merchant Shuttle Ships to Augment AO/AE/AFS" prepared
by the Underway Replenishment Department of the Naval Ship Weapon
Systems Engineering Station in March 1978, any tankship can be
converted rather quickly and inexpensively for shuttle operation
with the installation of some sliding pad-eyes and a modern ver-
sion of the "Meccano" deck over its pipe deck. This "Meccano"
deck is a "erector set" type platform that allows containers full
of stores and ammunition to be loaded onto the tankers at the
advanced bases. (See Figure 3.1 for a drawing of such an
installation.) As the tanker proceeds on its shuttle to the sta-
tion- ships, f-orklifts will unstuff pallets of cargo from the
containers. Then, when the ship reaches the station ships, it
will simultaneously transfer palletized cargo via its sliding
pad-eyes and its POL via its fuel rigs.

The problem with the above solution is that there are only
a limited number of tankers available for conversion to shuttle
ships. The best candidates would be the USNS tankers but these
vessels are already fully utilized during peacetime for
point-to-point POL movements. If they were pulled away for shut-
tle operations, they would have to be replaced by small commer-
cial tankers. This might be possible for a small contingency,
but it is certain that a large contingency or mobilization opera-
tion would demand that these tankers be used for point-to-point
POL movements to support ground and air troop operations. Thus,
it is probable that USNS tankers capable of shuttle operations
would be unavailable for such a mission during any large scale
operation. Fortunately, OGTBs may provide a solution to this
problem.

OGTBs may solve the shuttle ship problem because their
separability allows their barges to be used as storage units as
well as cargo transport units. That is, a group of barges may be
gathered in a protected anchorage and loaded from supertankers
and container ships. (15) The barges would store the POL below

(15) Self-sustaining container ships would be preferred in this
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deck in tanks and the containers on deck. Then the barges would
be shutiled by the tugrs to the station ships as they are needed,
those re.aining pov id in , temporary storage. On the w .y, the
containers would be unstuffed by forklifts so that their contents
could be transferred to shuttle ships via standard rigs. In this
manner, the barges act as floating advanced bases located near
the task forces and provide the interface between commercial
ships and the shuttle tugs. This is in addition to their role as
shuttle barges. Thus, these OGTBs establish advanced bases off-
shore where they are needed--close to the task forces and do not
require the use of vessels committed to other missions. They
perform this mission at less cost and with less manpower than the
single-product shuttle ships because they require few tugs with
low manning to handle many barges that have only shuttle
capability.

The feasibility of the above appraoch, particularly the use
of OGTBs as replacements for aging single-product shuttle
vessels, was considered in great depth in CONSERVGRUONE'S
STAYPOWER study (U.S. Navy (1977)), the abstract of which is
included in Annex B to Chapter 1. In this study it was concluded
that:

The true comparative advantage of the integrated tug-barge
concept (over a fixed ship system) lies in its flexibility,
i.e., the functional element (the barge) is not irrevocably
married to the power drive element (the tug). This capa-
bility can result in:

Fewer tugs than barges required with concomitant
reductions in acquisition, operating costs and manning
levels.

Increased availability of individual elements. One ele-
ment can be in a repair status (overhaul, RAV, etc.)
while the other remains avai.ablt for tasking. The same
considerations would apply for major casualty to either
element.

Increased overall survivability. Loss of one element
due to hostile action or catastrophy would not necessar-
ily result in loss of entire unit and crew.

The utilization of the integrated tug-barge in the shuttle
ship role is considered feasible. There appears to be no
technical restriction, including the attainment of 20 knot
speed, to preclude such a role.

sirce they could discharge their containers directly
-,;,.n. However, if they were not available, then some

! .. y container discharge facility would be required
i,; .Hvarced base to provide the container transfer.
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The nominal integr-atd tug-barCge; shuttle unit developed up-
on the basis of stalted assumptions and study guida-.e,
shows clear advanta ;e over current and projected shuttle
ships in primary mission accomplishment, i.e., station ship
support and pipelinc ship interface compatibility and cost.
For secondary missions, i.e., station ship backup and
dispersed combatant support, the nominal integrated
tug-barge shuttle unit is at a distinct disadvantage pri-
marily due to limited delivery capability. The
disadvantages such as decreased maintainability at sea,
minimum communications capability, etc. are all basically
functions of the mission oriented element (barge) design
and manning levels. Every disadvantage could be reduced or
eliminated by increased manning levels and/or equipment in-
stallation which would also serve to decrease the signifi-
cant cost advantage generated.

The integrated tug-barge has high potential for application
to the limited mobile advance base concept.

The above study was thoroughly reviewed and its conclusions
seem valid. OGTBs could very well be used as inexpensive
replacements for the aging shuttle ships. However, as explained
in the study, these OGTBs are really not as militarily versatile
as the AO's, AE's, and AFS's they replace. heviewing Table 3.!,
it is seen that they are not really suitable as direct
replacements for single-product station ships even though they
have limited capacity for resupplying combatants directly. Of
course, with additional investment these systems can be made as
capable as shuttle ships. In Tomassoni (197 a ) it was shown that
an OGTB oiler could be obtained at about the same cost as the
ship it replaces. So, overall, OGTBs seem a very reasonable al-
ternative to new single-product ship construction.

As the study was completed a few years ago, it only consid-
ered the rigidly-linked OGTBs (Breit/Ingram and CATUG). It is
recommended that at least the semi-rigid linked systems (ARTUBAR)
also be considered. The military and economic advantages of this
linkage type is provided in Chapter 1. To summarize, this type
of linkage is less expensive and allows the tug to be used for
other purposes as well. It does have some disadvantages--it has
higher hydrodynamic resistance and it does allow some relative
movement between the tug and barge. This movement may prevent
cargo transfer rigs from being utilized onboard the tug so that
this system might not be capable of transferring palletized cargo
to combatants. Whether this is the case will be better seen af-
ter the new RO/RO systems have begun operation.

The study also requires some type of container discharge
facility if non self-sustaining ships are utilized. There are no
such facilities yet in our military inventories although their
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Table 3.1
Risk Matrix

Nominal integrated tug-barge compared to individual current

and projected shuttle ships (AO/T-AO/AE).

+ Better than

0 Equal to
- Less than

NA Not applicable

AO-177 T-AO 143 AE

UNREP Capability

Multi-Product Capacity + + +

Single Product Capacity + 0

Task Forc. Integration

Communications - - -

Self-Defense 0 0 0

Interface Capability

Station Ship - Multi-Product + + +

- Single Product 0 0 0

Combatant - Multi-Product + + +

- Single Product - -

Stock Point - Liquid 0 0 NA

- Dry NA NA +

Pipeline - Liquid (Sea) - - NA

- Liquid (Inport) 0 0 NA

Redundancy - _ _

Vulnerability - Speed 0 0 0

- Size - 0 -

- Self Defense 0 0 0

- DC 0 0 0

Adaptability

Revised Product Demand + + +

Other Tasks + + +

Maintainability - Sea - -

- Inport + + +

Availability + + +

Manning + + +

Cost + + +

Source: U.S. Navy (1977)
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need has been reco-i :-d for some time for the discharge of thc.;e
ships in military cargo transport operations. This is anotie
potential application for these facilities and their procurement
might be enhanced if shuttle OG'rs are constructed.

It should be mentiored that even if the STAYPOWER concept
with shuttle barges is not funded, there are some aspects which
might still be utilized with little cost. For example, an
advanced base could be established just with the use of standard
tank and deck barges chartered from commercial operators.
Containerships could unload containers onto and pi'ckup empties
off of deck barges and supertankers could offload onto the tank
barges. Then the contents of the containers from the deck barges
and the POL from the tank barges could be transferred to shuttle
ships, either of the single-product type or of the converted
tanker type, at the advanced base. This concept allows a
shortened shuttle pipeline utilizing currently available commer-
cial assets and so extends the capabilties of the current shuttle
vessels. However, it does not provide any new or replacement
shuttle ship capacity.

In any case, it should be obvious that OGTBs have several
potential applications in fleet support operations. The question
is whether new militarily capable shuttle barges should be
constructed with the shuttle tugs or whether only current OGT3
assets should be utilized. The former is more costly but
provides more certain capabilities. Some suggestions for
obtaining the required military assets are provided in the next
chapter.

3.2.2 OGTBs for Fleet Support Service

Any Navy task force that is deployed for any length of time
will require various services to be provided from a nearby
advanced base. Such services might include tender repai-, medi-
cal hospital support, as well as fleet tug support. Many of
these services can be less expensively provided through the use
of OGTBs as explained below.

Tenders and Hospital Ships

Ships such as tenders and hospital ships seem ideally
suited for replacement with OGTBs. Since they rarely move, they
do not require the use of a propulsion unit very often. Instead,
they could be easily push or pull-towed onto station and left
there to operate on their own until a charge of station is
required.

Several detailed evaluations of just such a type of opera-
tion have been completed. Abstracts of two studies, Hawkins
(1973) and Tomassoni (197"), have been included in Annex B to
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Ch apt 0 - I. The studieiC conclude that using OGTis for such ser-
vice ship missions would be fea.,;ible and cont effective.

Recently due to a requi-ement in Senate Report No. 95-326
on the FY 1979 Military Appropriatior Autho-ization Bill, the Na-
vy is conducting two new internal studies (one being Keenan
(1979)) to evaluate the eventual replacement of destroyer and
submarine tenders with OGTBs. Preliminary indications are that
these reports will support such a concept.

Fleet Tugs

MSC Fleet Tugs have several missions including salvage,
ship rescue, firefighting, pollution cleanup, etc. These and
other missions would not prevent these small vessels from also
being used as the propulsion component of a push-towed OGTB.
This would be particulary true for an OGTB with an ARTUBAR
semi-rigid linkage which only requires the installation of the 4

retractable pins and associated machinery onto the fleet tug.

Thus, MSC's fleet of Fleet Tugs can be considered as a po-
tential reserve fleet of tug components that could be used with
appropriate baraes in contingency/mobilization cargo transport or
Naval Fleet Auxiliary missions. This is in addition to their use
as the propulsion unit of the fleet service barges described in
the previous section. This assumes that linkage gear is
retrofitted onto existing assets and included or, new vessels. It
should be mentioned that current Fleet Tugs without any modifica-
tion could pull-tow barges, but their low horsepower would result
in very slow speeds of advance.

Certainly, the reverse of the above is also true. The tug
component of any OGTB could be utilized in Fleet Tug missions
with only the addition of specialized gear. This is probably the
major alternate mission of the tug component of OGTBs.
Therefore, any military OGTB specially designed for cargo t-ans-
port and fleet support missions should also have its tug desiged
to perform some Fleet Tug missions.

I
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3.3 S-ecial Projects (Scientific Operations)

MSC has the mission of operating vessels in scientific or
other special projects for sponsors in any defense or othe- gov-
ernmental agency. Currently, either converted reserve fleet or
newly constructed ships are used in the projects. But, there is
no reason why OGT13s could not bu used instead. They can be built
of sufficient size and horsepower to handle any of the scientific
operations. Additionally, the use of OGTBs in these projects
could be advantageous due to the ability of the functional unit
containing the sponsors' men and equipment being able to separate
from the MSC manned propulsion unit.

One advantage resulting from such separability is that the
propulsion unit can be used for other operations including fleet
support or cargo transport upon completion of the project.
New/revi-ed projects only require the construction/conversion of
a barge ;o provide the capabilities desired by the new sponsor.
Ships, on the other hand, must have their propulsion unit
inactivated every time they are put out of commission. This is
an expensive and wasteful routine, particularly for
range-tracking and other such ships that come in and out of ser-
vice rather frequently.

Another advantage of using OGTBs in special projects or
scientific operations is that the propulsion unit could be readi-
ly made available for contingercy and mob'ilization operations.
In such operations it would be expected that fleet support or
cargo transport missions would have higher priority than the spe-
cial project missions. Thus, the scie Ftific operations fleet
could be considered as an immediate reserve inventory of pro.pul-
sion units for other OGTB missions.

IThe above discussion points out an important requirement
for OGTBs used in military operations if such interchangeability
of missions is to be possible. The OGTBs used for different
missions need to have standardized linkages. Otherwise,
interchangeability will be impossible. Means of obtaining a
fleet with this capability will be discussed in the following
chapter.
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CHAPTER

NATIONAL DEFENSE FEATURES APPLICABLE TO OGTB'S

In Chapter 3 commercial OGTBs were shown to have many mili-
tary applications as Navy logistic and fleet support vessels. To
facilitt-'.e this conversion from commercial to military use, it
would be prudent to have certain special equipments and design
features installed on board the OGTBs. As explained in the next
section, these National Defense Features (NDFs) can be required
to be installed only on OGTBs constructed with subsidy funds.
This is unfortunate since very few OGTBs have been built with
such funds. (1) Thus, most of the OGTBs previously constructed
do not have the NDFs currently considered useful (specified in
Section 4.2) or those that would give them even mo-e military po-
tential (specified in Section 4.3). However, until the law is
changed, it is not expected that this situation will change.

4.1 Current NDF Legal Structure

National Defense Features (NDFs) are changes in commercial
ship designs suggested by the Secretary of the Navy to provide
ships capable of serving as Naval/military auxiliaries in time of
war or national emergency and to provide for the. maximum
survivability of ships that may be used by the government in
nonmilitary wartime roles. Such changes are required to be
installed on vessels constructed with the use of Construction
Differential Subsidy (CDS) funds. These funds, provided under
the provisions of Title V of the Merchant Marine Act of 1936, are
used to induce American shipowners to construct these foreign
trading vessels in U.S. shipyards by paying the difference in
costs between having a ship constructed in a foreign shipyard and
having the same ship constructed in a U.S. shipyard. If the NDFs
are of no commercial value to the shipowners, then their costs
will also be borne by the government through additional
expenditures of Title V funds. On the other hand, if the
shipowner makes use of the NDFs then he must pay back a portion
of their cost.

(1) As of 30 June 1979 only five OGTBs were being built with CDS
funds, the two CCT RO/RO and the three Occidental Oil tank OGTBs.
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The normal procedure for deciding which NDFs to install is

as follows. First, the Maritime Administration (MARAD) forwards
the conceptual or preliminary designs received from the

applicants for CDS to the Secretary of the Navy (SFCrIAV) for
comment. These conceptual and preliminary designs are referred
to the Chief of Naval Operations (CNO) for appropriate action.

The objective of this early submittal is to embody the NDF
concepts at the earliest practical stage prior to the submission

of firm plans and specifications. MARAD will later forward these

firm plans and specifications of proposed new construction me -
chant ships to SECNAV for approval. Again they will be forwarded
to CNO who will forward them to the Chief of Naval Material (CIIM)

who will collaborate with COMSC and Department of Defense common

user services when appropriate. CNM, following the guidance of

OPNAVINST 4700.13C presented in the following section, will in

coordination with MARAD review these designs early enough to make
recomme' iations for meaningful NDFs before plans are finalized.

These recommendations are then forwarded through the chain of

command for the Secretary of Navy's signature. Then, MARAD will

take action to have these NDFs included as part of the ship'sbuilding plans.
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J4.2 Current NDF Requirements

Current guidance specifying which NDFs are appropriate for
various types of vcssels is promulgated in the Chief of Naval
Operation's OPNAV INSTRUCTION 700.13c of 6 December 1978. The

enclosure to this intruction provides general NDF considerations,
basic NDF standards, and specific NDF criteria applicable to new
ship construction. In the following subsection excerpts of this
instruction specifically pertaining to OGTBs are provided.

4.2.1 National Defense Feature Considerations

The enclosure to the instruction first summarizes the ra-

tionale for NDFs and what generally must be considered in their
selection. The text is as follows:

1. NATIONAL DEFENSE FEATURES CONSIDERATIONS

a. The Navy's objective regarding the installation of

National Defense Features (NDFs) in merchant ships is to
have ships available to meet the sealift requirements of
the Department of Defense and that are suitable for econom-
ical and speedy conversion to naval or military auxiliaries
or would otherwise be useful to the U.S. Government in time
of war or national emergency. Under this objective, ship
designs having potential use as naval or military
auxiliaries could carry out certain military support
functions such as: Amphibious Force Resupply; Logistics
over the Shore (LOTS); Underway replenishment of wet or dry
cargo; Military Personnel Transport; Container Offloading;
and Heavy Lift Transport.

b. Ships required for essential economic support of
the nation in time of war or national emergency would not
be expected to participate in the direct military support
role. Such operations would include transport of fuel, raw
materials, equipment and supplies on ocean or intercoastal
routes supporting commerce. Ships dedicated to these
operations should be designed for maximum survivability.

C. The Navy, in cooperation with the Maritime
Administration, will conduct design reviews of new con-
struction and conversion of merchant ships to establish na-

tional defense feature goals, examine cost and feasibility
of desired NDF installations, and assess the impact of such
installations on the commercial viability of the ships.
Each ship design will be reviewed on its own merit and in
light of its probable use to the government. After support
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missions o r function s suitable for the designs have beer
selected, NbFs which would b ent support those functions
will be recoi.Lmended for installation. Farly consideration
of proposed new merchant ship desigs will provide for an
efficient designr review and will facilitate incorporation
of the NDFs and subsequent hardware installation. The
Navy, in cooperation with the Maritime Administration, is
prepared to collaborate with prospective ship owners,
designers, and shipbuilders at the earliest opportunity to
address NDF requirements and, where needed, provide specif-
ic interpretation of the guidance contained herein.

d. Studies undertaken should take into consideration
Maritime Administration advice regarding the commercial use
of the proposed ships and insure that any feature suggested

for incorporation in peacetime does not unduly compromise
the competitive position of the operators in commercial
trade. The National Defense Features listed herein should
as oi the date of this --instruction, insofar as basic
features are concerned, be considered all-inclusive.
However, future commercial ship design concepts and
changing national defense requirements may dictate the need
for additional or revised National Defense Features.

4.2.2 Basic NDF Standards

The enclosure to the intruction then goes on to specify ba-
sic NDF standards applicable to all vessels, including OGTBs.
Excerpts of the enclosure applicable to deck, tank, or RO/RO
OGTBs are included since these are the only types of OGTBs
currently in operation that would have military usefulness.

2. BASIC NDF STANDARDS. Compartmentation shall be
provided that will, as a minimum, ensure the ship's surviv-
al in the event of flooding of any single compartment.
Hull scantlings, fire preventive and firefighting
equipment, firepump capacities, boats, and life saving
equipments shall meet or exceed the minimum requirements of
MARAD, the American Bureau of Shipping, and the U.S. Coast
Guard. PANAMAX designs (those ships capable of transiting
the Panama Canal) and ship designs with full load draft
less than 33 feet are more desirable than larger ships due
to greater flexibility of operations, and port
accessibility.

2.1 SPEED

c. The speed of integrated tug barge units and self
propelled barges will be judged on their individual merit.
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2.2 SHOCK RESlSTANCE. Resi st ance to damage by sh ock
stresses shall be p-ovided by the general exclusion of gray
cast iron in equipment and systems which affect the surviv-
al capability of the vessel. In lieu of gray cast iron
more shock resistant materials will be used.

2.3 ELECTRICAl. POVJFR. The generating plant capacity shall
be increased, where necessary, or space and weight reserva-
tion shall be made for the future installation of addition-
al generating units and/or power distribution units for the
ship design under consideration. In all cases, with due
consideration to ship type and employment potential by the
Department of Defense, a reasonable margin of the proposed
capacity either should be available or be sought to meet
such contingencies as future expansion of the power system
for reefer containers, habitability modules, self defense
systems, and to otherwise facilitate conversion to naval
auxiliaries.

2.4 DISTILLING CAPACITY

a. Distillation and feed/potable tankage capacity
shall be provided based on naval criteria, where
appropriate, sufficient to facilitate the possible conver-
sion of proposed ships to naval auxiliaries. Provision
shall be made for embarked military personnel, and equip-
ment which requires fresh water washdown such as operation-
al helicopters and vehicles.

b. Embarked military personnel require 25 gallons per
man per day (g/m/d) distilling capacity and 4O g/m stowage
capacity. Helicopters performing shipboard operations re-
quire 100 gallons per day for washdown.

2.5 PROPULSION SYSTEMS. Gas turbine, diesel, steam and
nuclear power propulsion plants are all considered appro-
priate for merchant ships. The propulsion system is nor-
mally dictated by economic considerations of the trade in
which the ship will be employed in peacetime. The capabil-
ity to burn Navy standard fuel is considered advantageous
for emergency use.

2.6 NUCLEAR, BIOLOGICAL AND CHEMICAL (NBC) WASHDOWN
SYSTEM. Water washdown systems shall be provided to en-
hance the passive defense of merchant ships against NBC
attack. The washdown system shall consist of clips and
brackets for attaching standard fire hose nozzles in coun-
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terineasure wzishdown posit ion for each :cather deck fi'e
station. The clips and brackets slial be located so th"It
the greatest spray coverage is obtai,.ed for lifeboats,
weather decks, housetops and bulkhead areas. Provide for
installation of' radiological monitoring equipment.

2.7 EMBARKED MILITARY PFRSONNEL. Military personnel will
not accompany military cargo under normal cirrnumstances.
However, consideration shall be given to providing austere
living facilities for those personnel such as
drivers/technicians who may accompany military equipment
and vehicles under certain circumstances on some ship types
such as RO/ROs. When sizing hotel loads such as steam,
fresh water and electrical, the needs of 50 additional per-
sonnel should be provided for on suitable ships.

2.8 COMMUNICATIONS

a. In addition to FCC requirements, ships should be
equipped with at least: (a) one HF transmitter (2-30 MHz)
of 1000 watts power output capable of Al, A3A, A3H, A3J and
F1 modes of emission and having synthesized frequency con-
trol and antenna tuning capability; and (b) two HF (2-30
MHz) synthesized receivers. Installation of Digital Selec-
tive Calling and Simplex Teletype Over Radio (SELCAL/SITOR)
shall be considered. A space reservation of 180 cu. ft.
shall be provided for the future installation of satellite
communications equipment; provision should be made for re-
serve electrical power and cooling capacity. The
strengthening of masts for additional antenna installations
shall be considered.

b. Provision for future installation of ship to ship
communications and night lighting at underway replenishment
stations will be considered for ships capable of fleet
resupply.

2.9 CARGO GEAR/CARGO OPERATIONS

b. Provision should be made for additional deck
strength and lashing/tie down systems for military cargo
and vehicles as required.

c. Bollards, cleats, etc., should be provided on deck
at the deck edge to enable craft and barges to tie up
alongside in open stream discharge.

d. Lighting should be provided to illuminate the
ship's cells, decks and access ways.
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It sharbl be i,,. tntioned that ,With reSpect to speed, the in-
struction does spce i fy that sh i p ha ving potential use as
naval/Mil itarY aux il iari es should have a minimum sustainecd. speed
of CO knots. 25 knots is preferred fo'" cargo vessels and a speed
of 16 knots is considered acceptable for tanke-s, provided that
they can maintain a speed of 15 knots while pumping two products
at a minimum of °40') g.p.m. each with ensu-ed separation. The
Occidental Oil OGTBs will practically fulfill these requiements
but the CCT HO/RO's with their 15-16 knots speeds are not as fast
as normally desired for RO/RO ships.

As for the other basic NDF standards, none should require
significant changes to the designs of "mechanic all y-linked"
OGTBs. Due to its size the tug component has little room to ac-
commodate additional embarked personnel unless they were housed
in self-sustaining modules. These NDF standards might requi-e
considerable upgrading of the "loosely-linked" and other Coast
Guard uninspected tugs. How much upgrading would be requi-ed is
not known since none of these tugs has ever been built with CDS
funds and so has never undergone a CDS NDF review.

4 .2. 3 Specific NDF Criteria

The criteria for determining the specific NDFs to be
installed on OGTBs are as follows:

3.9 INTEGRATED TLIG BARGE, SELF PROPELLED BARGES AND MIS-
CELLANEOUS VESSFLS. Tug/barge designs suitable for ocean
service have potential for various uses in time of
emergency. Due to the numerous configurations anticipated
in this type vessel, specific mission areas will not be
addressed. Consideration should be given to adequate deck
strength, tie down, and stowage a-ea for military vehicles,
mobile cranes and outsize cargo. An integrated tug-barge
combination shall be examined according to the missions and
National Defense Feature requirements of the corresponding
ship type. Thus, a RO/RO barge shall meet the same
standards as a RO/RO ship; a product barge shall meet those
of an equivalent sized tanker, etc.

This section essentially says that the specific NDF requirments
for OGTBs should be the same as a ship of similar type. As RO/RO
and tank OGTBs are the types that would normally be built with
CDS funds, the specific NDF criteria for these types of barges as
specified in the instruction are provided in the next
subsections.
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Sp-c if'ic NDF( riterizi fe' HG/1;) ."d Combinatio . OGTds/Ships

3. RO/RO AIVD CO;11J N ATiON SHIP3 have mission potential
for:

a. 1.3a. Port to port delivery.

b. 1. 3b. Port to point delivery of wheeled or
tracked vehicles.

c. 1.3c. Port to port delivery of outsize cargo.

d. 1.3e. Port to point delivery of containerized
cargo.

e. 1.3f. Fleet Resupply.

f. The actual installation will include ramps of ade-
quate design to allow onloading and offloading of military
tanks (60 long tons) with the ship at anchor in the open
stream. Deck areas should be as clear as possible to en-
able helicopter operations and military (portable)
adaptations for open stream discharge.

g. The installation shall also include all necessary
foundations, power requirements and appropriate accessibil-
ity to allow the future installation of two to four sliding
pad-eyes on the starboard side to accommodate replenishing
to Navy auxiliary ships. Consideration should be given to
the installation of one thirty (30) long ton crane with 30
foot outreach. Access doors, sideports and ramps shall
have a minimum clear headroom of 15 feet as should at least
30% of the cargo decks.

h. RO/ROs, by the nature of their construction,
should have broad deck areas that lend themselves to utili-
zation as a helicopter carrier/helicopter fly-off delivery
ship. Thus, it is desirable, where feasible, that fuel
piping and deck modifications be considered to provide hel-
icopter transport and fly-off capabilities.

Specific NDF Criteria for Tank OGTBs/Ships ((100,000 DWT)

3.7 TANKERS have mission potential for:

a. 1.3h. Port to port delivery of POL.

b. 1.3i. Port to point delivery of POL.

c. 1.3j. Fleet re-supply or consolidation of POL.
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d. 1.3k. Port to port opportune lifts of outsize
military cargo.

e. 1.31. Serve as deployable platform for 2 large
capacity mobile cranes for the purpose of unloading
nonself- sustaining containerships; i.e., a Temporary Con-
tainer Discharge Facility (TCDF) and heavy/outsize cargo
lift transporter.

f. For military purposes, tankers of less than 40O,O00
DWT are generally more suitable than tankers in excess of
40,000 DWT. Tankers in excess of U0,000 DWT are more sus-
ceptible to certain influence mines with coarse settings,
and they lack the maneuverability and versatility provided
by equal capacity in several smaller ships. Tankers in ex-
cess of LO,000 DWT do have value in moving large quantities
of fuel between ports which can accommodate them, consoli-
datien of petroleum products to a naval replenishment ship,
and in use as floating storage sites in low vulnerability
areas.

3.7.1 TRANSPORT AND LOAD/DISCHARGE CONFIGURATION. The ma-
jor bulk fuels used by DOD include JP-U, JP-5, Diesel Fuel
Marine (DFM) and gasoline. Naval fleet support requires
only DFM and JP-5. The following transport, load/discharge
capabilities, and construction features should be
considered.

a. Tankers of less than 10,000 DWT have high poten-
tial for use as naval auxiliaries; both for general POL
transportation and operating withxaval units at sea. They
must have coated tanks and be capable of transporting at
least four grades of product with positive separation.
Tankers shall have 10 ton lift capability to bring aboard
terminal sea hoses. Provision is to be made for two (2)
refueling at sea stations, both port and starboard,
highline transfer capability, and future possible installa-
tion of fueling at sea sending rigs and probable installa-
tion of astern fueling rigs. All such items to be in ac-
cordance with Military Sealift Command standards. Each
refueling station shall be capable of transferring product
at a minimum of 3000 GPM while maintaining a speed of 15
knots. Consideration shall be given for stations to re-
ceive double hose rigs (probe/conventional combination) for
naval units.

b. Tankers larger than UO,000 DWT, but less than100,000 DWT, shall be as above with the exception that com-

plete cargo tank coating shall be considered on a
case-by-case basis, and the tanker must be capable of
transporting at least two grades of product.
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c. Tankers by the nature of their construction have
uroad deck areas that lend themselves to the transport of
outsize military cargo on deck. Thus, it is eonsidered-de-
sirable that, where feasible, piping and deck fittings be
arranged to provide maximum clear deck space for lifts of
opportunity and, where possible, limited capability for
helicopter operations.

iI
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4.3 Suggestions for an Additional NDF for OGTBs

The criteria specified in the last section for determining
the appropriate NDFs for OGTBs certainly appear reasonable. They
basically insist that OGTBs have the same NDFs as ships of the
same class or function. However, as stated often before, OGTBs
differ from ships due to their linkages that allow separability.
Thus, some NDF ought to be considered with respect to OGTB
linkages.

As discussed in Chapter 3, OGTBs may be utilized more effi-
ciently during a contingency or mobilization if operated in a
drop-and-swap mode. This method of operation requires that all
the tugs and barges be interchangeable. For a pull-towed system
this is no problem since a wire is used to provide the linkage.
For push-towed systems, drop-and-swap operation requires that the
notch or other linkage be especially designed for
interchangeability. Unfortunately, at this time there is no NDF
criterion providing for such interchangeability.

Therefore, it is suggested that a NDF criterion be
developed to ensure interchangeability of tug and barge
components. It could either be a requirement for a single stan-
dard linkage design or at least a requirement that all OGTBs with
a given linkage design have interchangeable tugs and barges.

Presently, due to the lack of published research concerning
the various linkages, no specific design is recommended here.
However, some of the potential benefits of the various linkage
types were included in Section 1.3. It is highly recommended
that in depth research be conducted on the comparative perfor-
mance of the several linkage designs. Some of the major
objectives of such research should be:

(1) A comparison of the commercial performance of the various
linkages including their cost, ability to operate in heavy
weather, linkage drag, etc.

(2) A comparision of the military performance of the various
linkages including their vulnerability, ability to
link/unlink in moderate seas, ability to conduct military
missions such as replenishment at sea and beaching, etc.

(3) A comparison of the mobilization potential of the various
linkages including cost and ease of installing them on cur-
rent and newly constructed tugs and barges to make them com-
patible with current OGTBs.

This research should also determine which linkage system would be
appropriate for OGTBs operated by MSC during peacetime in cargo
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transport and fleet support missions as well as the linkage that
might be used for reserve fleet OGTBs.

0

It should be realized that this whole discussion has been
predicated on the assumption that OGTBs built under CDS should
have some standard linkage to allow interchangeability.
Unfortunately, few of the many OGTBs have been or are being built
with such funds. This is because OGTBs are usually more app~o-
priate for short distance shuttle or coastal trades primarily
found in domestic commerce. According to the law such domestic
trades are not eligible for CDS funds and so OGTBs built for them
cannot be required to have standardized linkages. This is
unfortunate, in a military point of view, since it prevents the
interchangeability of most OGTBs that might be utilized in con-
tingency operations. However, since the operators see technical
and proprietary advantages in developing their incompatible link-
age types, there is little that can be done to remedy the
situation. Only if the government sponsored research proves one
system so superior to the others or if the law is changed to pro-
vide economic incentives for linkage standardization on OGTBs
used in domestic commerce will standard OGTB linkages become a
reality. Otherwise, there will be insufficient economic motiva-
tion for the industry to standardize on its own.

II
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CHAPTER 5

PROCUREMENT STRATEGIES FOR A

MSC OWNED/OPERATED OGTB CONTINGENCY FLEET

5.1 General Contingency Operation Considerations

In any contingency operation the demand for ships to carry
logistic materitl will expand dramatically. For example, MSC's
Controlled Fleet expanded from 201 vessels on 1 July 1965 to 448
vessels on 1 July 1966 to accommodate increased logistic
requirements in the Viet Nam area. In addition, other ships will

be required to help support the stepped up activity of Navy task

forces. Part of this increased demand can be met through the

small Ready Reserve Force (RRF) and the Strategic Readiness Pro-
gram (SRP). However, for all but minor contingencies, the RRF
will be insufficient and only a limited number of the 510 ships

(271 dry cargo and 269 liquid bulk) of the active privately owned
U.S. Merchant Marine can be removed from commercial service via

the SRP without irreparable haErm to U.S. flag domestic and for-
eign shipping. Besides, many of the modern, highly productive
vessels, such as non-selfsustaining container ships and

supertankers, cannot be efficiently used in contingency
operations without the use of some special ship-to-shore dis-

charge facility as discussed in Chapter 3. It is unlikely even
with these facilities that these vessels will achieve any where
near their commercial productivity in military operations.
Therefore, in a major contingency operation, even all the vessels
provided by the RRF and SRP may be insufficient to handle the
contingency transport requirements.

The probable shortfall in ship transport capacity can even-
tually be met through increased shipyard construction of the ap-
propriate types of ships. However, the leadtime for the delivery
of such vessels is at least 12-18 months; so, for many contingen-
cy operations these vessels would be delivered far too late to be
of any use.

The only other way to meet the shortfall would be by
activating the National Defense Reserve Fleet (NDRF). However,

today the NDRF consists of only 130 Victory ships and 21 other

merchant vessels of various types in addition to about one hun-
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dred Naval vessels. Almost all of the merchant ships are at
least 35 years old. I'ven if thc:so! ve.isels were reliable, which
is questionable due to the age of their deck and propulsion
machinery, they still would rot provide even half of the vessels
used during the Viet Nain operations.

Given the above argument, it would seem that the transport
requirements of a major contingency action like Viet Nam might
not be met without either a major disruption to the commercial
fleet or the investment of new additions to the NDRF. Neither
policy is currently economically or politically viable.
Certainly, having new vessels constructed for the NDRF would be
infeasible at a time when even Navy warship construction is at
its nadir.

The above discussion, typical of most evaluations of con-
tingency transport capability, has completely ignored OGTBs.
However, OGTBs may provide the transport capacity needed to elim-
inate or at least reduce the shortfall. When used in a
shuttle/storage operation, they serve to reduce the port time of
the large, fast ships and thereby increase these ships' produc-
tivity substantially. And, when used in a drop-and-swap mode,
they make most efficient use of propulsion and cargo components
so that fewer propulsion units and men can transport the same
amount of cargo.

The question is, where can these tugs and barges be
obtained? Part of the answer is given in Chapter 3 where the
availability of commercial OGTBs was discussed for cargo trans-
port missions. It was noted, though, that few current OGTBs,
other than pull-towed systems, are capable of the more efficient
drop-and-swap operation. Although some suggestions were given on
how to convert some OGTBs to allow interchangeability of tugs and
barges, it is apparent that the lack of linkage standardization
has reduced the usefulness of commercial OGTBs for military

drop-and-swap and shuttle operations. And, as discussed in Chap-
ter 4, this situation is unlikely to change since few OGTBs could
be required to have a NDF providing for standardized linkages.

There is only one way for the military to ensure the exis-
tence of a fleet of highly efficient push-towed OGTBs with inter-
changeable tugs and barges. That is by operating or owning such
a fleet in peacetime which could be expanded during a contingency
with the addition of reserve tugs and barges. This is not such
an outlandish idea since in Chapter 3 it was shown that all three
of MSC's primary missions, cargo transport, Naval Fleet Auxiliary
and scientific support operations, could be economically and ef-
ficiently performed by OGTBs.

It certainly would be posslole for the new and replacement
vessels added to MSC's fleet to be OGTBs with interchangeable
linkages rather than single unit ships. Then, after a few years,
the whole fleet would be made up of the more flexible OGTBs.
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And, when mission requirements hage, the tugs and barges could
be utilized most efficiently to handle the new mission
requi-ements. For example, du-ing a contingency, tug units could
be removed f-cm scientific support barges and used to help handle
the inc'eased cargo transpo-t requirements via drop-and-swap
operation., The same could be dcne to help support increased Navy
task force'activity, the added tugs used to shuttle barges from a
temporary advanced base.

Even with the increased capabilities achieved with
drop-and-swap and shuttle operations, there still may be a need
for more OGTB assets to fulfill all transport requirements. The
additional tugs and barges could be obtained from a reserve fleet
of such vessels. Fortunately, due to the separability of the
tugs and barges, this reserve fleet can be effectively utilized
during peacetime, thereby eliminating most economical and politi-
cal arguments against its existence. How this may be done is
explained in the subsections given below.

5.1.1 Reserve Tugs

There are at least two possible sources of tugs that could
be available to augment MSC's peacetime OGTB fleet during contin-
gency operations:

(1) Navy Active and Reserve Fleet tugs, and

(2) commercial tugs converted for military operation.

Navy Active and Reserve Fleet Tugsj
One potential source of tug units for OGTBs would be from a

fleet of Navy Fleet Tugs manned with Navy Active Duty and Reserve
personnel. These tugs could have stand ard linkage gear installed
to allow them to mate with military barges used in contingency
operations for cargo transport and/or fleet support. In
peacetime, these tugs could perform several useful missions
including salvage, firefighting, pollution control, offshore
defense, etc. Those not needed for immediate requirements could
be used as Naval Reserve training ships. The tugs would be ideal
for such a function since they are simple to maintain, require
few men, and would be relatively inexpensive to build and
operate. Most of the super-powered commercial tugs have cost
less than $15 million to build and are manned with less than 16
men. A Navy tug even with double the manning ought not to cost
more than twice its commercial equivalent when fully equipped
with linkage and military gear. Therefore, a fleet of such Ac-
tive Duty and Naval Reserve manned tugs would be an inexpensive
means of providing a reserve force of OGTB tug components as well
as an important new mission for the Naval Reserve.
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Converted Colmi ,rcial Tuv'.

There are several possible strategies that would ensure
that at least some commercial tugs could be used to augment the
Naval Reserve fleet of OGTB tugs. One simple one would be to re-
quire that all OGTBs built with CDS funds in the future have Navy
standard linkages so that they could be used to mate with Navy
barges. This would allow them to be used with barges especially
tailored for military operations rather than their commercial
barges that would be of questionable military value, i.e., dry
bulk barges.

Another strategy would be to choose as the Navy standard
linkage a design that could be easily retrofitted onto many of
the commercial tugs currently in operation. A linkage such as
ARTLIBAR which could accommodate differences in the tugs' bow and
barges' stern notch shape might be suitable for this purpose. In
this ca. 3, during a major contingency those tugs previously de-
termined suitable for such a conversion would be retrofitted with
linkage gear at one of the many tug yards. All this strategy
requires are the identification and stockpiling of the proper
linkage gear, identification of suitable tugs for conversion, and
identification of the yards able to perform the conversion. With
a minimal amount of planning and expense, a large number of com-
mercial tugs could be made available as military OGTB components.

5.1.2 Reserve Barges

There are at least three possible sources of barges that
could be available to augment MSC's peacetimE OGTB fleet during
contingency operations:

(1) NDRF ships converted into barges,

(2) prepositioned, preloaded warehouse/ storage barge facilities,
and

(3) commercial barges converted for military operation.

NDRF Barges

As mentioned previously, the NDRF consists primarily of 35
year old Victory ships with deck and propulsion machinery of
questionable reliability. However, most of these ships have
sound hulls. Rather than trying to upgrade or replace their an-
tiquated propulsion plants, it might be more feasible to convert
these vessels into barges capable of moderate speed push-tow
operation. Such a conversion would not be without cost since the
propulsion machinery and deckhouse would have to removed and a
notch incorporated into the stern. This cost could be reduced
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substantially if the hmaehin:ry C,,onet were left intact, but
this would somewhat reduce the vessel ' s volume and weight
capacity. In either case, there are several advantages' to a
ship-to-barge conversion strategy. After conversion no machinery
would be inactive, since the propulsion tugs would be operating
in a Naval Reserve fleet or as commercial tugs. Additionally,
the barges would be considered reliable and immediately available
reserve assets as long as their hulls remained sound. All that
is needed to mobilize a barge would be to activate or install its
deck machinery and then it could be mated with any available tug
of the Naval Reserve Fleet or any commercial tug converted to
military use.

Although this strategy may require substantial investment,
it should be the least expensive way of extending the life of the
NDRF and to ensure its ability to mobilize rapidly. It is there-
fore recommended that this approach be studied to determined its
cost and feasibilty.

Warehouse/Storage Barge Facilities

Another possible source of reserve barges could be in
floating warehouse/storage/tank facilities. That is, much of the
military's war reserve and inactive stocks could be prepositioned
onboard barges which could be moored in protected anchorages or
along quays at major supply centers. These barges, capable of
mating with any Reserve tug, would be designed so as to be acces-
sible for stock removal and rotation as well as quick discharge
at contingency ports. Since these barges will require minimal
machinery they should be verynexpensive to maintain. To reduce
their maintenance cost even further they could be built of new
materials such as prestressed concrete which do not require an
anti-corrosion maintenance program. The weight penalties of such
type of construction should not be important since most military
cargo is volume rather than weight limiting.

Converted Commercial Barges

Commercial tank and deck barges could be used to augment
the other reserve OGTB barges in the same manner as commercial
tugs augment Naval Reserve tugs. That is, any new barge with po-
tential military usefulness built with CDS funds could be
required to have a linkage capable of mating with military OGTB
tugs. In addition, the standard Navy linkage should also be
designed to be easily retrofitted onto as many commercial barges
as possible. In this way, a large number of commercial barges
would be made available as military OGTB cargo components.
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These are j u,;t a few o f the p os s iblIe st a t eji es for
prov id ing the a s.--ot s n eed ed to au ,rnert the peacetime fleet of
OGTBs for contin,,ency operations. Although none of' these
strategies is without cost, they do allow reserve OGTBs to be
used for various peacetime missions. The-c should be sufficient
applications to justify their procurement as part of a total Navy
OGTB fleet str~ategy.
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APPENDIX A

OCEAN GOING BARGES GREATER THAN

2500 GROSS REGISTERED TONS



Explanat ion of Chart of

Ocean Goinq Barges 2500 GRT

Column

1 Barge name

2 Gross registered tonnage

3 Length (feet)

4 Breadth "

5 Depth

6 Draft

7 Service

TNK tank

FRT freight

FCH Covered Hopper

FDK Deck

FDH Deck House

FCO Covered

FCN Container

FVC Vehicle Carrier

FBC Bulk Cargo

FCF Car Float

FHO Hopper

FCC Cement Carrier

COT Covered and Tank

LGT Lighter

ITN Independent Tank Carrier

GCA general cargo

8 Year constructed

9 Owner

10 Yard of construction

11 Port of Registry

12 Linkages

1 - 1st Generation

2 - 2nd Generation

3 - 3rd Generation
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APPENDIX B

OCEAN GOING TANK BARGES GREATER

THAN 50,000 BARREL CAPACITY

I)

i



Explanation of Chart of

Ocean Going Tank Barges > 50000 BB1,

Column

1 Tank Barge Name

2 Gross registered tonnage

3 Hull Information

Side Code

*Single Side Skin

o Non water tight (independent tanks)

W Double sides

Bottom Code

* Single bottom/skin

P Partial double bottom

F Full double bottom

4 Year of construction

5 Length (feet)

6 Breadth

7 Draft

8 Operator/owner

9 Hull Type- Refers to tank barge hull type

indicated on "Certificate of Inspection"

1 Type I

2 Type II

3 Type III

If no hull type indicated on "Certificate of inspection,"

Type III is assumed.

10 Grade of Cargo - refers to highest product grade that may

be carried as indicated on "Certificate of Inspection".



Highest Grade Certified

Subchapter Title "D"

Grade A AA

Grade B BB

Grade C CC

Grade D DD

Grade E EE

Liquefied Petroleum Gases

Butane LF

Propane LF

Propylene LF

Subchapter Title "D/O" and "0/I"

Grade A AX

Grade B BX

Grade C CX

Grade D DX

Grade E EX

Grade 0 and other XX

*Liquefied Petroleum Gases

Butadiene LF

Motor Fuel Anti-Knock Compounds TL

Acids

Hydorchloric AH

Phosphoric AP

Sulphuric AS

Anhydrous Ammonia NH

Caustic Soda SC

Chlorine 4CL

Class B Poisons BP

Phorphorous, Elemental PH

Sulfur, Molten MS

8-3



11 The total capacity is indicated by amount in:

B number of barrels

G number of gallons

T number of short tons

12 Yard of Construction

13 Port of Registry

14 Linkages

1 - 1st Generation

2 - 2nd Generation

3 - 3rd Generation

B- 4



.. (5.53. . .15, . . .5.5

13 LI- t; 0 it 'f 7,3' . . . .2

0s '3 34 c3'5 00 4

44 050 04

C 4'
r. C0 C c0 cC 0

'0 C .'-4-0 0 C 04

N ~ - r, Z3 4.3.-- U,.o v 4IL ''" , .

0. nCE i fE Cc.4
1

'4- c11143 ccc 4-1 5-,-4. if i 11 34313 Ci (44
tCO

4
45.S~s405

0
3..'s 0.41 >: ~ s5)354 S3343,.4334'34 .

.C .3 3>0.1'd'1"3-. .,,4 w5.3 13303 6>'~~ C.334C
.

2 3 0 i

0 CC0 I20.oc10:: (33l~~s.3J)Oc:i.4.cx32(c:cs4c~
!.O 5034. 54."4'3 ,O (.U .'33451. s4..0 " .314331c U >
>1304 0 44453,.4.4) 1 o:,14.c3350.4--4.-.33'.>( 0 -3.0--.i

Of A MMM M5 03323043C )3.111 M ;nM M 4 -- M MM P4M 0M.l)M M5M143111. M0 PQ U QM

0 ~ OO 00000000000 M000000000000000 05055

0

o ~ ~ ~~~C 0pa -C c NO 3554.3 - 553 M -Pt 5 4 .5 NCt <0 .cis.4 14053c')C3 .5305c3(030cc

o 100154' )05.)4001 1''4443>) .. 555 -. 00 0 ''00000
Of' 44'iNc305cJNI

0l 1:0c1 C
00 v 04 ': .5.3 "- 44 CC ,- C' 4

to0M'-' 6 4431 E4 0E0- . " C C.. . 4 0 0E C 0 0 3 0 0(44C) '

01 co C-s 4341 ci5r0 .1 .4.( z--4'--3 E- U 4
C3 034C C (3 ,13,v C14.3411 C) -5U'341 .0 3. 1445 .84 . 0

E'44C4.31U't4- UUU E.. F;.~ OO ~ l .4.3u 31 U nO0 -.
00 ~ ~ t w4-05s.4c- v.004. w N 1) 0 "1.('01 7O,4 0 15.E.5E
C U4. 50 4 r. (3) 43(111(( 1100 0

3

.. U..12m(1n333 .(-
-4~ 4f30 005.45 E.4~V34. 445()(1c El.l C 4450,,13 3.SU 0
o 5 10 .4.31 .~3.434.. 334 31..443.-1403533>344(

O~~~ ~~ CIL3. 0340-O d-.si0(34.3sl4.. (3 O ( 33 04 >23
v4310 31. ... . . r) 0 .4-.1-) oe . 1.s.. 0 C. .31 C.

C ~ 4 41,.413.54.-4 5i443441344.3 1. cL4cs 33.3..( C S 240-

S~~~~~~~~ r-.440.,U4O (.0 >40...33030400.4N c..3 c4
44 440.C31 X331130 ... ,40- 4133.4331.32-'34) I - 1 Ci'('3'4 Til t) u v

0 0C-r - C- LO410 C550 .12443 r-.. 131U ''3 3 304 3 a3I-

9 054U314.UCU43430U4..4U44335..0 C) -. C))0 30 0 ,).1O 1Ct5U3.U .

4'U'054L N -Ii 1n 1O.-o3N -1>in C) .D ACD NL C\ c'
4  

r'-- 33> 5433 1 Cy110
t- .. i C-- r-Ut . 404CXc-,' L- --c3-'3UU 54

4
.4 53c4. tc'(1-4(1' ... 331553.53,4.-.-

FINSC s 3353330---4 3351'3033.,11 C003)443 4

SYC 1a .41443.) t>3-43 7 -4- l) -- y' 3 o0 m SM c K304 a%1>., M - 0 CO %0 4 0a%", N
CC) in C-Ccc4'tccc o00 ,0,-0,NNa) r- 000t- N M - - 3, f- r- >Nn3C) i ---

Cam 1443 t-)51o5")4 r-~ z~ a,0431 0 00 00000 o - l-t r0 0 10 -2' ID 00,00 D)004) C) n

SD O.000140410410103'0451-4-51(3Jfl0C03.0001-~-5>CC-14.'C-t")4))( ell(

cc4"4) )304)44)30-0 4)03404.00 005344)4000 -00)00nOO

444 U)141)10nO'o.4c''51-'-4)1-5133)'>N)-00000,4('fl0'.4'4-(1nr'V 33
1

-0At-

40r4)4'5f~r5055 fl4 .. 4.tl I .t'14 2 21 ' tf ' 4>43.4'24 "0. 1>00 ~344M i 514

50C4--cc->43)4..fC4).c)'4)001)>004a-.'(J-5rl>'35

4.~ ~~~~~~~ 04. t t t *4 ((( 4 00 4)0. 34 .
a%44 "7, . . . .x* 0 0 0 :..

N ~~~~~~~~~ 01''.055343....3.31i3 cl:no....-(-0.1.5-'4(s'-4c'3'0'33
045>504t4"4fl4'~"5)0.3j00>.l014C)4fl'41>..>-.4)D4)44)5>554)301'0OIf

LL-I-W-----

U) - u a1- c F-i -UM j .T) -Q

B-544



.7 0 1.5.) 
7

0. 2z4 . 7

0 '44.7: a 0- :0 .2 4 0 410-

(4.~~4 0l to37') . ''.4 ~ ~ ~ ~ ~ ~ ' 43..,,. ~ 44 : . 4(

m a 0 m70 M :. 757 0

E. El. Y') > 00

O ? 0 0 C 0 0 0- 0 4.-I, -t1, t' 0 4. C

K .. It -'~S '4 7 5 4 4 0 1.0 ID4 0 )I 7

w 7) )7J..-~ .'4.*o '4.32') C.',Z
go c co 5:1t. r- ~ O 4 C). t-; C- C44.4'. C.4 '0n,1 nI 1 nI n

A .C M... In-'t .4. 0( .. 0 0 . -1:.4 = 0. C.4..( 0< M)'7 77cXW n-C

O.--.- 7 -,)..... O ). 4..- 7..) J4 :.. O).'5>
to7 ~ s 0 0: O . 4.. zC I .74 S 77,0f4:0l:.447.0

in - v 7) r).. 7) *7:>2c): 2 c> 0. C.54 1 )1 4:)))0l u -7

* .- 7)7 7) . 4'C -4 . 1 >)0 C 7 O ) ' . 40,4c C 4r ,0L: 4 ~ 7 ' V 4

.4
00c0- 00075040 N-00

7
)'- "~ I * 003.

or cc 8s7.0-u)C W'0r ) c-)ro'.(47"'.E--'C OO ,0470
0o -k c*.f J 4 m- N"N~ o ' .4*. 4t- 4 0t c!7)1.. t-3 c 9 c'

0
3

o -fl4C4.--O~-000)).. . '-)>- -. W'ON0."---(.0(*.
o ~ f' 033 7307 Nt . . It N n .4.0'0.44~'C.)4 74747)401'44X)C

0~ ~~~~~~~ c~~(0 <077< 0<< <O u0. ~ 0 .2 *7

Q 11 C 0 0 j 0 0* C 0 007 ) 0
(I7~' -40 ) C C - C E-0.Q 1: -.. -I: -t 0. 7

0*4 74* a)140 cl 7) 00 0 In44 4 0777 4

10 10t 010 l r-4 4: C- ' 1 77 -4 I'n 10 .' C, In&45. 0040 r r

7)- ID In 447 C1 C1 0. n O n - 0- -. 7 .-- 7 .'7 01C c .
UU>44..7)7) ~ ~ ~ ~ 1 1-1-- 117 IN 't "07 S )77 7)17.- I).07K"

100 140 0..74.' '00 q).4.- IN In In )0'.4 7In0In.1) 74
't r 0.0 C- t - r - .4 . ,r:. .s c:'', 'Dr .,4- r)7) 7.,0r- 44tz4

.47) 0 ()74 t.1 2 ttl4. 4 1 2 ) 0 771 .2l0 1S. -~' 774
0 03 7)400.7) 4.721-44 ~~~~~..: o 7):.4 ~ .2s0. 77744 ~)44-

774 0" 0t 7t r1-0 -t In 0.4 47) 1 ,.40 1) .. 4 4 1C *7C .7

4....-40'C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I cc)7.... 7) 444 0 7 4),.4.) 4 ) .4 ,- C )
C 4 174,In:'0." .,..41. ',(.70..3), t77777O:1

0 ~ u In. Cl 10 .'..:' (J, tf4' 0 '41.4''' C' i 77'n

0 7))40 4144') 74)47)7 -a40))l-'C:1t.7' C 7)771'.C7U, 71044N

o ) 7...' 2 )L'1. 4 L .4 4 ,.0 (72,.'' 44- ).07 4-

w w 47, l20-r. ,C71to CC: 1O 2 .707 )44 7 7 004IS .4a.0 5)'0

4040o 1 W' m I Y)).24.4- .7r 0f (o7)Ia2,t:.3 <4074)444< C44(71*00

n - t vC n
t
v, 1-'JCC . .1 .44N4- - - - - - - -o

4.0 40, CIS447( C .0 0N4 's04 a' LZ.. w33044 003444 ' 4 a4)33370.44 vO 01)

7mm7)0'4 x00 An'4~ 4.7o' 1'l7)74.177. *00.4*-In 4.U4U

*0O 3N 04).40 .- 04~.07.4O7' -640"7- N 40.070 4744C.l

. LN3'-N4'NN47-NN77-4' 
NN.N3N4'4N 4

NN
Now -- - .74... . . . . . .



00

C: r

0o

_-l .

41'.

-4

ru

a 0

00

r

k0

0

C-4

0B-
0

00

CC

4-.1

44 40

ot

Now4 -4.



APPENDIX C

TUGS GREATER THAN 3000 HP



Explanation for Chart cf

Tugs > 3000 HiP

Column

1 Vessel name

2 Vessel type

TG Tug

TS Tug/Supply

SU Supply

SL Salvage

3 Year Built

4 Length Overall x Draft (ft)

5 Continuous horsepower

6 Speed-Maximum without towing

7 Gross registered tonnage

A < 200

200< B < 300

C > 300

8 Towing Certification

OTS - +A1 Ocean Towing Service

9 Operating Fleet/Owner

10 Port of Registry

11 Yard in which constructed

12 Linkage Type

1 - 1st Generation

2 - 2nd Generation

3 - 3rd Generation

C-2
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APPE14DIX D

DROP-AND-SWAP COMPUTER MODEL:

FORMULATION AND ASSUMPTIONS



A PP E: D iX 1)

DROP-AlID-SWAP COMPLU21R rhOI)NL: FOiEIdULATOi' AIND ASSU:.P,);:*

D.1 Model Formulation

The drop-and-swap computer model has been developed to make
an economic comp.rison of the operation of punch-to.'ed oce-in going
tug-barge combinations in the droi -and-swap versus integral
modes. As shown in the model formulation summary in Figure D.1,
the model makes this comparison by determining for both modes the
number of tugs and barges and the barge speed, size (DW?), and
form (block coeffic ient--Cb, length-breadth ratio--L/B,
breadth-draft ratio--B/T) that results in the minimum required
freight rate for cargo transported on a port pair trade. (2)
This is subject to the conditions that the sys-tem has sufficient
ton-mile capacity to carry the annual cargc flo.: and sfi)fuient
number of terminal facilities at ea-ch port to i-anile tle annual
port throughput.

The objective function, the required freight rate (rfr), is
equal to the system capital costs (tugs, btrgrs, terminal nI
storage facilities) divided by a present value factor (",, plu
system annual operating costs (fuel costs, crewing costs, storage
and terminal costs, etc.) all divided by the innual cargo flow.3.
As shown in Figure D.2, these capital and operating co.ts are
nonlinear functions of the port pair trade parameters--por' sep'-
ration distance, terminal facility loading/discharging r.ates, and
annual cargo flow.s--as well as the five continuous and three in-
tegral system variables--Barge DWT, Speed, Cb, L/B, B/T; Number
of Tugs, Number of Barges--Port 1, and Number of Barges--Port 2.

*in this appendix computer program variables are enclosed in quo

tation marks. Their definition should be understood from
context. if there is question about their meaning, detailed
definitons are provided in Section D.5

(2) See Figure 2.1 and Section 2.2 for the definition of a port
pair trade.

(3) The present value factor apportions the capital costs on an
annual ba.is. It is a function of the capital's pre-tax discount
rate or rate of return and the economic life of the system.

D-1



Objective Function:

Minimize (Rejuired Freiiqlht Rate)

For a port pair trade defined by:

(1) Port separation distance

(2) Terminal facilities loading/discharging rates

(3) Required annual cargo flows

Capacity Constraints:

Ton-mile: No. Voyages

(No. Tugs) x (Barge DWT) x (N Vg-Yes ) > Annual
Tug-Year Carqo Flows

Terminal Facility:
(Annual Thruput >/ Required Annual

(NO. Facilities perPortx per Facility \Cargo flows

Through Port

Continuity Constraint:

(No. Barges) = (No.Tugs) +(No. Barges-Port 1) + (No. Barges-Port 2)

Parameter Boundary Constraints:

mindwt i Barge DWT < maxdwt

minspeed . Tug-Barge Speed . maxspeed

mincb < Barge C B< maxcbB

minlb < Tug-Barge L/B . maxlb

minbt < Barge B/T . maxbt

Integrality Conditions

, No. 
'Digs

No. Barges - Port 1 integer

No. Barges - Port 2

Figure D. 1

Model Formulation
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C pit lc'.' +A o l 'l ti~:C~
Cogs+ ,.in 1 n;7 ino os s

Required Freight Rate + AAnuc1 C -:go ots- i
Capital Costs (No. ."Eares) x (Barge Cost) + (No. Tugs) x (Tug Cost)

+ (Terminal Co.-ts) + (Storage costs)

Barge Cost fUPirge DT, L/B, B/T, Cr)

Tug CoSt = f[lnstalled Horse power (IP))

IHP f{i.arge DWT, L/B, B/T, CB, Tug-Barge Speedt

Terminal = f, Terminal Loading/Discharging Rates)
Cost

Storage { Barge DWT}
Cost

Annual Operating 1osts = Fuel Costs + Terminl Costs
+Storage Costs + M&R Costs
+Crewing and Subsistunce Costs*

+Insurance Costs + Administrative Costs

Fuel Costs 
= Seatime x (Sea Fuel Consumption Rates)

+Port time x (Port Fuel Consumption Rate)

=f(Po___rt Separation Distance(Seatime TgEr~

_ , ~ ~Barge DO., .

Port Tlime =rTermina -aci]ity L/D Rate

S Barge DWT, L/B, B/TI

Sea Fuel Consumption Rate~fJBlock Coefficient;
Port Farge Speed

Port Fuel Consumption Rate =f(Hotel Load) = constant

Terminal Costs = f(Anual Cargo Flows)

* Storage Costs = f(Annual Cargo Flows)

Maintenance and Repair Costs

Supplies and Equipment Costs = f(Barge DWT, Tug IHP)

Insurance Costs

Crew Wages and Benefits

Crew Subsistence = f(crew size) = constant

Administrative Costs = constant

Figure D. 2

Definition of Required Freight Rate
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.1 -~,L - o~ -I1*1

t lt .p, 1o0 L , P! ) ;'(J i , lo by op t i::1i .,j

of 1, [vt,( "t 1. 1 , it i -. usiua ly fly .02:
O s i [. . 1: .. 1 !(1 1, L'Ii-iiQl t:t r'in:;for:n.S the :noJ.L to
on2 ti. .v..r t .o Ie bti, ,,. ioh m"- ny .more varia busb . J i't ,,r
tll n t" ':.;atp t , I irkL,, il to u.;se the brute force ' i t, .-

od o'" * _,xh: tu_1,I VJ r' :.-'' ion 5 ',u. it is the simplest to ir-
gram -'nd b ~:iu;, it prov 1,.;: gool r',.'30lts at reasonaible cost :hen
the r-nges of the variables to be considered are cho.;n
judiciously. With this approach, I calculated for each port p' r
trade and for both moducs of oper:tion the required freight rate
for all possible combinations of the discretized values (4) of
the five continuous systm variables. Given a specific combina.-
tion of these variables, the capacity and continuity constraint3;
determine the va].ues of the three integer variables.

Si'nce I used discretized values for the continuous
variables, the minimum reqifired freight rate found will most
likely not be the true minimum. However, since the objective
function was found to very flat near the optimum, the rfr found
will be close to the true minimum even if rather large increments
for the variables are used. And, of course, a more accurate es-
timate of the true minimum rfr can be obtained by using smaller
increments, although the cost will probably not warrant the addi-
tional accuracy achieved.

Prior to proceeding to a discussion of the computer model's
logic and assumptions in the next section, mention should be made
of the parametric ranges of the system variables for which the
model will produce valid results. These ranges, which are
governed by the valid ranges of the formulae used in the model,
are-provided in summary form in Table 2.4.

D.2 Summary of Program Logic

A summary of the logic of the drop-and-swap computer pro-
gram is shown in flow chart form in Figure D.5. A brief discus-
sion of the overall logic in this section will be followed by a
detailed discussion of each step in the next section.

The prograLm begins by asking the user to specify the port
pair trades to be considered as well as the parametric ranges -and
increments of the five continuous system variables. It then asks

(43To limit the number of combinations to a finite and reason-
able number, it was necessary to discretize these continuous
variables by dividing their parametric ranges into equally spaced
increments. The number of increments can vary from two to fif-
teen depending; on the sensitivity of objective function to
change.s in the variable.
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I'll I. :. I E -th 11f
HR-:;' of t ;-b: Sp tds

Annual I fI'.~~ctc

Banjo 1f .s- -h-r, fezhI/
p a a t e A: , b r _ _ _ _ _ _ _ _

6 i -jws to 'e.iIfrx'

FTO: r,1-: -1

To: ratd- cats-1
iter tC

y; b dIdi s t SubproqrZ os-er to calculate

itrat

TO: rarxratcs<-. g rulat a d impyrdeirat

fl~5alinviroasVira11 0  t~. tu;s bqured for D&S/
Zintergal rodes f(d~stance,

No. f tr-.l T.c !t-.sPeed, rate, dwt)

(and no. of barges for drco-
and-situp r-e 1 required at acsao
each, port- ~Ji S/-,tral COdc operation

cots

iterate

To: r x-.t IBy: deldot

I ~ Calculate:
iterate Tenialanl storage

Fm: unI cpital costs

By: dclcb

iterAte 
stlrOv.o rin 1b In a a-e t er if rfr less thanTo: c~axib ?e

By: delib 5rvosioalr

i te rate
tsr:st si tre:

To: ranbt OPt'r'L' speed. dot. rfr,
By. dclbt for, Parai-ters. and otheraa.lters 'oa.ec~

d istance and L/D rt

faq Icrit
Bar c hul stel weight Otit

fab bt d.t)OPtacuc speed, ds, rfrf~l. £. dt)for given distance red LID
rate

F'igure D. 3

Summary Flowchart for Drop-And-Swap

Computer Model
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t 1 u r t ;ii I t 1 I< .h to Ch:vie'c any of
.;:..L- AX;< i.r*". .; ' w§' r u oi.'i ilii Ll u uO. t :ti]CU". ';]D!i..

Fo I a In ti ., it vi.; thu u ;r to _,p,-cify what form . '
tW, ,',. ' lr, 'i t)heVA Ln b,.In2 t h .eus t cl cU ' t i o ; n o o .

' pa r t. it terItion dt.ined by port sep'ar.1, ondi tsie d t. ':' i- Lo',ding/ di . ia:r ;in r " r'_tes . Gi ven the, s,_

11or t 1-,'tir r I. par uv ,"to r , tio modt*I rt rrmines the number of
trin .1 fcii iti..cwilt, n 1; h_ speci ied lo:eding/dinch-rging rate
(and the nL..b.r of b-l'ges for the drop-and-swap mode) that are
req1i red at 3:Loh port.

Then the progrum selects the next iterative values for the
four barge "Iize and form system variables--Barge DWT, Cb, L/B,
and Bil/. Given tihese v-lues, it calculates the barge length,
hull steel weir,-t, CosI, and the tug and barge principal
dimensions. The progr-m then checks to see if these system
varia les are feasible in that they fit within the interpolation
table ranges for the tug-barge residual resistance coefficients.
if not, the program skips to the next iteration of the four barge
size and form variables. If so, the program selects the next
iterative value of tug-barge speed and calculates the horsepower
required to be delivered to the propeller of the tug, the
tug-b-_Irge resistance, and finally the horsepower of the engine
required to be installed onboard the tug. Given these values,
the cost of the tug is calculuted and then the number of- tugs
required to provide sufficient transport capacity for both
drop-and-swap and integral modes. Then the operating costs 3nd
the total capital costs are determined for both modes. From
these the rfr can be determined. If the rfr is less than that
calulated during previous iterations of the five continuous sys-
tem variables, it is saved; otherwiso, it is ignored. After all
iterations of the variables are examined, the minimum rfr found
is for -that port pair trade. After all of the port pair
trade.; are examined the program can present the results in vari-
ous g1raphical forms.

D.3 Drop-and-Swap Program Detailed Logic and Assumptions

The detailed logic and assumptions used in the
drop-rand-swap progrim are shown in flowchart form in Section D.4.
It will be useful to reler to these flowcharts in the discussions
to follow.

D.3.1 input of Port Peir Trade and System Variables
TRefer to Figure D.4)

After typing the execution command "dropand swap", the
progrm reads from tape into memory the values of the loadline
factor, resid ual resistance coefficient, self-propulsion factor,
and propell,2r design coefficient arrays. The program then asksthe c~zr to ".nput via list format the following parameters:"
(To input via list format, the user types in the value of the
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roou .,' d pV(r:it1,r o I. by !omm t.) The fir-t requ(.2t .
q u,..':; '), i n ,, d;l df , o I-! i o f t h, G ijr IIi '17 L, f Lc' i !,.,,

10 u u. .d :L I cI r L t_ : Do you , i.t to spcc i fy ir id v id), - t,-D
rt e 

'' '_ .  
U~ I-I( 1.t ' t) fl/I).'' C I;"L, V11. "no" 11 nit , r* ".j" It

Ths i. a rcqu,:.st for ui range of lo-din,/diseh'trginx' rates in
tons per d" y p r ter int1 i-eil i ty to be investigated, fro'm
"minrae" to "iv E txlr ''-, in " d lr I," incr-eo en tZ;. It is assums
theft the 1oadLng and uu!lodiri r:ttes at both terminals will be
the same ( "rloudl ""runloadl "="rload2"="runioad2") . Also, if
"delrate" is set to zero, then a "delrate" equal to 1000 i:
assumed. If, on the other hand, the user answers affirmatively
("yes", "y", or "1") to the loading/discharging rate question,

then the progr'tm requests values for "rloadl, runloadl, rload2,
runload2". This is a request for a specific set of terminal fai-
cility loading and discharging rates for each port. In ei-
ther case, any set of loading/discharging rates may be specified.

Now the program continues with a request for the values of
"mindist, maxdist, deldist". This is a Vequest for a range of
port separation distances in nautical miles to be considered from
"mindist" to "maxdist" by "deldist" increments. If "deldist" of
zero is inputted, then a "deldist" of 1000 nautical miles is
assumed. Any set of port separation distances may be considered.

Next the program requests values for "minspeed, maxspeed,
delspeed". This is a request for a range of Lug-barge speeds in
knots to be considered from "minspeed" to "maxspeed" by
"delspeed" increments. If "delspet.ed of zero is inputted, then a
"delspeed" of 1.0 knot is assumed. Any set of speeds can be
considered. liow.ever, a minimum speed of six knots and a maximum
of twelve or thirteen knots will usually cover the optimum speed
range and will not exceed the boundary restrictions for Froude
number and IHP shown in Table 2.4.

Next the program requests values of "mindwt, maxdwt,
deldwt". This is a request for a range of barge cargo
deadweights in long tons (LT) to be considered from "mindwt" to
"maxdwt" by "deldwt" increments. If "deldwt" of zero is
inputted, then a "deldwt" of 5000 LT is assumed. Any set of
deadweights from 5000 to 80,000 LT can be used.

Next the program requests values for "aflowavel,
aflowave2". This is a request for the annual average cargo flows
in long tons from Port 1 to Port 2 and from Port 2 to Port 1,
respectively. Any pair of values can be specified, except that
"aflowavel" must be greater than or equal to "aflowave2". For
example, if a one way trade is desired, then "aflowave2" is set
to zero.

Next the program requests values for the three barge formvariables, "mincb, maxcb, delcb", "minlb, maxlb, dellb", and

"minbt, maxbt, delbt". These three requests are for the ranges
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of tile b ,-r,-o b] o(_' _-o_,i i '[, Iut (Cb), tcnb,:,, , 0 , ',t --br,.d , ,.-
tic (i, i, , a d : r:, , ... it, - r't t .t o .; ?) to be coi;.-[,1 d:,

from o'ii : b" , 'f in m I b' " " "i
"deleb" dllb", "(,'V<," ]nr'remnents , respectively, if "deeb"
"delib", or "delbt" Uf s ero is inputted, then - value of 0. 1,
0.2, or 0. 1 is assu.fod , ruspec tively. The valid ranges for th. .o
form parameters are 'iven in Table 2.4. if the user doe. not in-
put values within these., ranges (including the reduced confidence
ranges) then the progrum will ask the user to specify a new set
of form parameter ranges. After the program has accepted the
form parameter ranges, input of the system variable and port pair
trade ranges to be considered has been completed.

D.3.2 Input and Modification of Semi-Fixed Parameters
iRefer to Figure D.4)

Now the program outputs the statement, "Input changes to
semifixed data via get data format". This is a request to the
user to make any modifications to the semif-fixed parametric data
that is used in the required freight rate calculations. The base
case values of these parameters that are read from tape into mem-
ory are shown in Figure 2.2. Definitions of these parameters can
be found in Section D.5. The user may modify the value of any of
these semi-fixed parameters by simply typing the parameter name
followed by an equal sign and then followed by the desired param-
eter value. Each parameter that is modified should be separated
by a comma and the final one should be followed by a semicolon.

D.3.3 Selection of Output Format

Next the program asks the user to specify what type of for-
mat he desires for the progr-m output. Specifically, it asks,
"Do you want printed output?:". if the user answers in the
affirmative, the program responds, "Do you want detailed
output?:". if the user answers this question in the affirmative,
the program will print out a line of output for every single it-
eration with respect to port pair trade and system variables. An
example of this output for the input case shown in Figure D.4 is
shown in Figure D.5. If the user answers negatively to the
detailed output question, the program will print the system data
associated with the iteration that resulted in the minimum
required freight rate for both modes (drop-and-swap, then
integral) for each port pair trade considered. An example of
this output for the input case shown in Figure D.4 is shown in
Figure D.6.

On the other hand, if the user answers negatively to the
question about printed output, or after the program has completed
printing output, the prograim will ask, "Do you wish graphic
output?". If the user ano;,,viers negatively, the progr'im will start
from the beginning, asking for a new set of inputs. Otherwise,
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D .3*4 lter:i t ion.r. With pe:.!ect to Port P:-,ir Tr.des ',

At this point the pro,,rm begins the first of its
iterative Loops it flow selects the next incremental value or
the iterative variable "distance" within the range "mi ndiot" to
"maxdist". This specifies the port separation distance of the
trade under consideration. Next, the program will either uue the
values of "rloadl", "rload2", "runload ", and "runload2"
specified at the beginning of the program or will set these

variables to the val ue of the iterative variable "rate" within
the range "minrate" to "rmaxrate". This specifies the terminal
facility loading/dischnarging rates of the port pair trade under
consider, tion.

After this, the program zeroes the arrays ("best1" and
"best2") that store the characteristics of the tug-barge systems
that have the lowest required freight rate for the given port
air trade. Then it calculates the monthly average cargo flows
"mflowuvel" and "mflowave2" ) which are the annual flows

apportioned on a monthly basis taking in account that the barge
is available only "bargeopdays" of the year for service.

D..5 Calculation of the Number of Terminal Facilities (and
Barges for Drop-and-wap lode) Required at Each Port

Now that the port pair trade characteristics have been
defined, the program determines the number of terminal
facilities with the specified loading and discharging rates that
must be located at each port to handle the annual cargo flows.
This is also the number of barges that must be handled simultane-
ously at each port for the drop-and-swap mode of operation. This
number is determined by dividing the monthly cargo flows
("mflowavel" and "mflowave2") by the monthly terminal facility
throughput capacity (30.5 x L-D rate). The specific formulae
used are shown in Table D.1. it should be mentioned that seven
days a week operations were assumed.

D.3.6 Iterations With Respect to Barge Size and Form

Next the program begins the iterative loops with respect to
barge size and form. First it selects the next incremental
values for the iterative variable "dwt" within the range "mindwt"
to "maxdwt". This specifies the barge cargo deadweight to be
used in the calculations to follow. Then the program selects the
next incremental values for the iterative form variables "cb" ,
"ilb" and "bt" within the ranges "mincb" to "maxcb", "minlb" to

D-12
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Formulae for Deturim.ining NLIRur of Terminal

Facilities/Baryes at Each Port

Port Specials Formulae

none "minbargel'= cci avl(--- 7"rloaci1'
30(--. 5x'rloadl" 05rulal

"rloal"=O "minbrgel= cei("nf lowave 2 "-
'rlodl"~ "mibarql'= ci] 30. 5x" ruriioadlI

'runloadl"0O "minbargel"= cel"mflowavcl" 7.
ceil(3O rltld.

miflowavel" "mflowave2"
none "minbarge2"= ceil(3  xrnod"+0.xla2'

30"mfowave 1"05xroa2

2 "rload2"0O "minbarge2"= coil "' 5x'runw ad2'--

'0flownave2"

"runload2"=0 "minbarge 2'= ceil# mC3 5rloa2"

Note: The function ceii in the above formulae is used to round

to the next largest integer the expression in parenthesis.
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tno, t u,:'-i'r __. Jb , 1,/h, :,u,] =/i ti' ' u.Ad in thi. eatlcultt o .; ,s

fol low.

D . 7 Clculation fa io Ur I hIt nd Principal D iMn i.io. .

Given the v,_n off the b arg, DWT and form v i r ) -L
s poci i[d in the iter:tivc loops dineussod above, the Ir,',.
e "Ic ula!tes the btarl,,, length (5 ) and hull weight values vi:t qmi
drat ic in trpolttion ;,'Lth respect to block coefficient from
formulae provided in Table D.2. These fornulae were derived] frua
the output of the .singlo-skin tink barge program discussed }a::.:in
( 979) .

Next the program determines the barge breadth by dividing
the tug-barge length ("iitb" ) by the length-breadth ratio ("ib"
Similarl. , the barge draft -is determined by dividing the ba rge
breadth by the breadth-draft ratio ("bt"). It should be notid
that the tug-barge length is assumed to be equal to the bairge
length plus seven-tenths the tug lenrgth. This as.sumption closely
approximates the lengths of the large articulated push-towed
ocean going tug-barge systems now in operation.

Now the program begins a short iterative loop by using a
formula found in Sh'rp (197 5 ) to estimate the barge outfit weight
as a function of barge length. Sample values from this formuia
are shown in Table D.3. The value of outfit weight summed with
the cargo deadweight ind with the barge hull steel weight is used
to estimate the barge displacement. The barge displacement is
used, in turn, to obt:in an improved estimate of the barge
length. This procedure is then repeated iteratively until thebarge .. .... c;b r, -L

elength "s well a _ brge displacement and outfit weight con-
verge to unchangLng values Given the value of outfit weig ht,
the progrLm caLlculaites an estimate of the barge cost by summing
the product of outfit weight times a cost per ton outfit factor
(6) with the product of hull steel weight times a cost per ton
hull steel factor. (7)

(5) Barge length used in these oTrmuae reters to the distance at
the waterline from two-thirds of the barge notch length forward
of the stern to th3e barge stem. This is in accordance with AS
rules pertaining to articulated tug-barge systems presented in
MARAD (1979).

(6) This factor is assumed to be $12,820 per long ton outfit.
This is based on the value found in George G. Sharp (1975)
inflated by 30'0 to bring it to a January 1979 value.

(7) This factor is assumed to be $1100 per long ton hull steel.
This is base d on -40 man-hours per ton at $15 per man hour
(including overhead) plus $500 per ton material cost.
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TI'l)1e D. 2

Barge llul W .gJhL and Longth Forriulae

Paramcr-ter Block Co- Formu] a
efficient

1.128 0.742 0.382 0.336
Barge Length 0.75 "lbarge75'=e lb bt dwt

"ibargc" 0.80 ,barge80,, eI . ] 0 8 lb 0 .7 3 9 bt 0 . 3 8 1 Jwt0 . 3 3 6

1.088 0.737 0.379 0.3360.85 "lbarge85,=e lb bt dwt

-6.206 1.348 0.884 1.104
Barge Rill 0.75 "hullwt75"=e-. lb . bt 0  dwt

Weigi 636138- 0 .10.80 "hullwt80"=e-6.3961bl.368 bt .909 dwt1 .111

,-6.569 1.391 b0.930 dw1.117
"wsteelb" 0.85 "hullwt85"=e lb bt dwt

TABLE D. 3

Barge Outfit Weight
Formula: "woutfitb" = max(50, 1.496x"lbarge"-284.24)

Barge Length Outfit Weight

200 50.00
250 89.76
300 164.56
350 239.36
400 314.16
450 388.96

500 463.76
550 538.56
600 613.36
650 688.16
700 762.96
750 837.76
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the b rr, freobo ird ij e.'tlcul',ted, the batrgc depth is determined
At tnis point the prorra checks to see if the tug-barge uni t 's
dimensions ex.eed any of the I ength, bread th, or dr;, t
limit'ition ( "mx 1i, "maxb" " maxt1", or "m'axt2") that may have
been -p.ecilied in the semi-fixed pr.metric data for the port
pair tr'ades under consideration, if any of these limitation:3 -.re
exceeded, the progr:!m skips to the next "bt" iteratior.
Otherwise, it checks to see if the form para-meters "cb" and "1b"
are with'n the table interpolation ranges specified in Table D.1.
If they a .re not, the program skips to the next "ib" iteration;
otherwise, it continues as described in the following section.

D.3.8 iteration With Respect to Tug-Barge Speed
and Calculation of 'ug lilT and Cost

At this point the program begins the last of the iterative
loops which is with re.pect to tu-barge speed. It selects the
next incremental. value for the itera-,tive variable "speed" within
the range "minspeed" to "maxspeed". Then the value of "speed"
and the tug-barge principal dimensions ("ibarge", "bbarge",
"tbarge", and "cb") are fed into the Subprogram "power". hs
program, described in detail in kaskin (1979), returns the value
of .the horsepower required to be delivered by the propeller
("dhp") to propel the tug-barge sytem through '.he water at the
specified speed. (8) From this value the sha'c horsepower can be
de ermined. it should be noted thit a tug shaft efficiency of
98p, an appendage drag of 5%, and a linkage drag of 1O, were
assumed. (9)

(8) This program also calculates "ep", the power required to
prope.l the tug-barge system though the water, from which the
still water hull resistance can be determined, it also provides
values for the self-propusion faictors ("wa", "th", and "hr") and
open water propeller efficiency "propef".

(9) The assumptions for appendage and linkage drag are based on
conversationj with articulated tug-barge designers. They seem

optimistic when compared to the results presented in Robinson
(1976). However, this study used fairly crude prototype link.1ge
form,, and so probably overestimated the drag for the modern
linkages which are well faired.
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Table D. 4

Minimum 1'rceboard Values

Barge Minimum TBarge Mlinimunm Barge Minimum
Length Freeboard Length Freeboard Length Freeboard

100' 9.8"1 320' 43.2" 540 86.3?

110 10.8 330 45.0 550 88.0

120 11.9 340 46.9 560 89.6

130 13.0 350 48.8 570 91.1

140 14.2 360 50.7 580 92.6

150 15.5 370 52.7 590 94.1

160 16.9 380 54.7 600 95.5

170 18.3 390 56.8 610 96.9

180 19.8 400 58.8 620 98.3

190 21.3 410 60.9 630 99.6

200 22.9 420 62.9 640 100.9

210 24.5 430 65.0 650 102.1

220 26.2 440 67.0 660 103.3

230 27.8 450 69.1 670 104.4

240 29.5 460 71.1 680 105.5

250 31.1 470 73.1 690 106.6

260 32.8 480 75.1 700 107.7

270 34.6 490 77.1 710 108.7

280 36.3 500 79.0 720 109.7

290 38.0 510 80.9 730 110.7

300 39.7 520 82.7 740 111.7

310 41.4 530 84.5 750 112.6

SOURHCE: Table A, Chapter III, IMCO International Convention on
Load Lines, 1966.
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C+ t(, in i . v , " . .: ... iv i'r,-in (1 ) f r the t;p, ,.
r}O .;, " , ... r 0 " t .. r' ] l . l,, .1 t. : i'] ''] o b o : -

!I <'n u d, , . 1. l.._.- !r o:!l ti) ti. - : Of tiii tug ,-':

in . , u, U tm :: un Lo ii -I: 'y) ' 1979 vcl
V:tlU.:3 ro i for::it.' , ' e ir C.vn, in T]iblo D. 5.

Now the pro-rm t n th calculations to determine the
number of tugs re(tlzi r,11 to provide sufficient movemnnt capaci-..y
for the required :i.nnual cargo fIlows,. it does this for the
drop-and-swap modes, balanced and unbalanced, (11 ) and then the
integral mode.

To determine the number of tugs required in the
drop-and-sw'ap modes, the progra:% first calculates the ti::e
requireO for cargo operations in both ports ("tportl" and
"tport2",. For "tportl", Vhis is the barge cargo deadwei-rht
divided by the terminal facility loading rate plus the cargo
deadweight--weighted by a balaince factor if cargo flows are not
equal in both directions---divided by the terminal facility
discharging rate. A similar formula pertains for "tport2" Then
the program calculates the sea voyage time for 1a round trip.
This is twice the distance divided by the system speed p.s
linking and unlinkin times if appropriate plus any o t.:
expected port delays. 12) For the drop-aiid-swaup modes, the ,e
values are fed into an iterative rouuine that calculates the to-
tal tug voyage time ("ttript") which includes seatime plus any
time that tug is required to wait for completion of cargo
operations ( "tw1it 1" for Port 1 and "tvait2" for Port 2) . The
routine also calculates the minimum number of tugs ("mintufg",
required for the trades.

(10) ±n the model's base case the service margin, the additional-
fraction of "ehp" required to ensure that the service speed is
achieved in most seas, is assumed to be 0.20.

(11) The unbalanced drop-and-swap mode ("dsopt" = 1) is the case
where it is assumed that the tug will remain with the barge in
the port with the shortest time spent for cargo operations. This
would be appropriate for one-way trades with short loading and
long discharging times. in this case the waiting time for the
port that the tug remains with Lhe barge is equal to the cargo
operations time, i.e., "twaiti" = "tportl". The program selects
the drop-and-swap mode that results in the lower rfr to be stored
and printed.

(12) in the model's base case the port delay and tug-barge
linking/unlinking times were estimated to be four hours. The
port delay time takes in account the expected time for docki ngS
and undocking as well as time awa-iting berth for the barge.

D-19



Table 1). 5

Tug CapiLal Costs

Tu ul=,IHP 2 P

TuJegt '1l=,wsteelt,=0. 6 4( _6 0 ) + 16. 79 (y - ) + 378
W4eight10000

Tu uti tft"IMP 2 .IMP

Tug outfit_ ,woutfitt, = 
0 .1 8 6 6 (ioo)2 + 2.733(10 ) + 154Weight10000

Tug Machinery JHP 2 IHPTugMchiner= "wmacht"= -0.08889(i-P ) + 32.88(i-) + 4.999
Weight 1000 1000

Tug Machinery = 1,300*(0.314 x IHP + 1730)
Cost

Tug Cost = 1 0 0 0 [2 " 9 4*( Weight) + 1508( Weight + Cost

ip Tug Hull Tug Outfit Tug Machinery Tug Machinery Tug Cost
Weight(LT) Weiqht(LT) Weight (LT) Cost($1000) ($1000)

2,000 414.14 160.21 70.40 3065.4 6,698.1
2,500 423.98 162.00 86.64 3269.5 6,958.1

3,000 434.13 163.88 102.84 3473.6 7,220.4

4,000 455.40 167.92 135.10 3881.8 7,752.0
5,000 477.95 172.33 167.18 4290.0 8,293.0

6,000 501.78 177.12 199.08 4698.2 8.843.3
7,000 526.89 182.27 230.80 5106.4 9,403.1
8,000 553.28 187.81 262.35 5515.6 9,972.3

9,000 580.95 193.71 293.72 5922.8 10,550.8

10,000 609.90 199.99 324.91 6331.0 11,138.7

12,000 671.64 213.67 386.76 7147.4 12,342.8

14,000 738.50 228.84 447.90 7963.8 13,584.4
16,000 810.48 245.50 508.32 8780.2 14,863.5
18,000 887.58 263.65 568.04 9596.6 16,180.2
20,000 969.80 283.30 627.04 10413.0 17,534.4

22,500 1079.78 309.96 699.80 11433.5 19.280.1

25,000 1197.75 338.95 771.44 12454.0 21,084.4

27,500 1323.73 370.27 841.98 13474.5 22,947.3
30,000 1457.70 403.93 911.40 14495.0 24,869.0

SOURCE: Sharp (1975)

*Cost factors inflated 30% from values given in source.
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the pr!v'I:t :. - . ' -:k 1. I . , I. fo r 'I PI: t t i t 1
"t',ij i' dr; itb c;~1, i] [ : :, [ne .,' vtlU'. ; ["L'" i 1 ut 1-1 a d ' Y ,lait. ".... ...... t 1 d
b~;ed on th,, n i:ibe!r o' . ; ionrd at 3 etch port aind t,:
currently ,2II_; j u,:t,3 vtl U, or "miitu " . TiiL; i. done by a, i vu i 'i"I
the tu.s.; aro on equally t-'v cad tim-.2 Schedul... Given the v-I'Tu.
of It Ii t" and tw:ti t2 , the total voy :,1e time "ttript" is
determieed. Given th i v \,tlue , the mi nim number of togi::

......... .( '.'int i ' ).. for the tr ade cnn be determined by comparing the
required monthly cargo']o flowsw 'i Ih&" ton-mile capa'city" 'of'e
tug-barge unit. The pro,-rIm then will iterate and calculaite no;:
value-- for "tw, i" and "twait2" until the total voyage tim:ne
"ttript" converges on an unchanging value. If convergence does
not occur, an error me ssnge is printed. if it is found that the
total port waiting time exceeds the time tiiat would be spent for
cargo operations, then the program prints out a message statin-
that the drop-and-swap mode would not be appropriate. Otherwise,
the program continues by calculating annual operating costs, as
described in the next section.

To calculate the number of tugs required in the integral
mode, a simpler approach is used than for the drop-and-swap mode.
In this case, the total voyage time is equal to seatime and port
time; and, the number of tugs required is simply the minimum that
will provide sufficient flow capacity (number of tug-barges per
month times barge cargo deadweight) to handle the monthly cargo
flow requirements.

D.3.10 Calculation of Annual Operating Costs

Now that the program has determined (1) the duration of the
tug seatime (t"seatimet" ) which includes time for
unlinking/linking and port delaiys, (2) the duration of in port
time ("portimet") which includes the time that the tug must await
.cargo operation completion, (5) tug shaft horsepower ("shp") for
achieving the specified speed, and (4) the tug engine size
("ihp"); it is now able to proceed to calculate the various
components of the total annual operating cost per tug-barge unit.
Discussion of the assumptions used in calculating each of the
cost components is provided below.

Annu- Diesel Duel Cost. The annual diesel fuel cost is equal to
the number of tug voyages per year ("nrtrips"
"tugop y;"/"ttript") times the amount of diesel fuel in long
tons consumed per voyage ("fuelcons") times the cost per long ton
diesel fuel. (1'5) The amount of fuel consumed per voyage
("fuelcons") i" equal to the tug at sea time in hours
("seatimet") times the hourly at sea fuel consumption rate in

(1M) in trie mo,1-2l',- base e'se, diescl fuel cost is assumed to be

$140 per long tin.
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to . hor h (o" rti rtiel'") pLu-; th', tu in port time in L:mr.
( '',,/:"t.i::ot") Ius tu', !iour y in mo t, t u l cou"I.umIption ,1.1.t" -1
("rpoir tfuu L" 0. 1 ton/hr). Th a t e fuel consumption r--t-,

"r .e:tf L") in 1on,,, t ii., p! r h1ur , i:3 in turn equal,- to te ,)r(-)-
U .t t tle dies-e'el :opecific fuel consumption rate "fc"
in pounds; per hor;epower-huur (14) and tie tug's shaft hor;o;:er
("shp"), all divided by 2240.

Annu.ul.Uube. ui Costv. .T'& 41nniuil lub-c oil cost 'ta1o' * t e'
number of tug voyages per year ("nrtrjps") times the amount of
lube oil in gallons consumed per voyage (" lubecons") times the
cost per gallon for lube oil. (15) The amount of lube oil
consumed per voyage ("lubecons") is assumed to be equal to the
tug at sea time in hours ("seatimet") times the hourly at sea
lube oil consumption rate in gallons per hour ("rlubeoil"). This
hourly at sea fuel consumption rate has been assumed to be equal
to the tug's shaft horspower divided by 4000., in gallons per

hour.

Annual Crew Costs. The annual crew costs are equal to the aver-
age annual crew member's wages and benefits ("cwages") plus sub-
sistence expenses ("csubs"), all times the number of crew members
onboard the tug ("nrcrew"). (16)

Annual Costs for Maintenaince and Repairs, Insurance, and
torcs, ;upplis, and ;%uioment. The annu l cosG.s for min t-

nance and repu,1s7 'a:indr', insurgance ("ainsur"), and stores,
supplies, and equipment ("asupplies") are determined from
formulae found' in George G. Sharp (1975). These formulae are
funetions of the tug engine size and total deadweight of the
tug-barge unit. Sample values from these formulae, which have
been inflated to bring them up to January 1979 levels, are
presented in Table D.6.

(14) in the model's base case, a sfc of 0. 6 is assumed. This is
a reasonable value for the medium speed diesels currently used in
high powered tugs. In the future lower sfc's and fuel costs- may
be obtained with the use of low speed diesels burning heavy
fuels.

(15) In the model's base case, lube oil is assumed to be $1.75
per gallon.

(16) In the model's base case the average crew size has been
assumed to be sixteen, which is very close to the minimum manning"
level of fourteen that the U. 3. Coast Guard has previously
allowed for "mechanically-link3,d" push-towed ocean going
tug-barges. (The extra two men are used to fill cook/steward
positions.) As for the average crew member's wages and
subsistence, they were assumed to be $65,000 and $3,500
respectively. These values are in reasonable agroement with the
iaritime Adminis3tration data shown in Table D.7.
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Table 1). G

Annual Operating Costs for Sutpplies and Equipmennt

Maintenance and Repair and Insurance

suplies and = "asu pi " "= ]3*(401+0.018XVXIP + :00L2o x TDW1')

Equipment

Maintenance = "amandr" = 1.5*(128.8+ 4.5 39 (150)- 0.- 1l--0
and Repair

+ 2.477(V)- 0.009107(f-6)
100100

Insurance = "ainsur" = 1.5"(210 + 0.0036 x FlP + 0.0018 x TDwr)

TDWT IRP Supplies & Maintenance & Insurance

Equipment Repair ($1000)
($1000) ($1000)

5,000 2,000 58.4 224.8 339.3
6,000 67.7 250.1 360.9
10,000 77.1 273.5 382.5
14,000 86.5 295.0 404.1

20,000 2,000 63.4 275.4 379.8

6,000 72.8 300.7 401.4
10,000 82.2 324.1 423.0

14,000 91.5 345.6 444.6

35,000 2,000 68.5 319.9 420.3

6,000 77.9 345.2 441.9
10,000 87.2 368.6 463.5
14,000 96.6 390.1 485.1

50,000 2,000 73.6 358.2 460.8
6,000 82.9 383.5 482.4

10,000 92.3 406.9 504.0
14,000 101.7 428.4 525.6
18,000 111.0 447.9 547.2

65,000 2,000 78.7 390.4 501.3
6,000 88.0 415.7 522.9

10,000 97.4 439.1 544.5
14,000 106.7 460.6 566.1
18,000 116.1 480.1 587.7

SOURCE; Sharp (1975)
NOTE: TDWT=Cargo Deadweight + Fuel Weight +Miscellaneous Weight

*Inflation Factor to bring cost to 1 Jan 79 level
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To sho%,w tha t the,\' v'I , r,: i L . r n the form Ia. -n i
oth,r :t 1:1npt i.) ; ,;,.. in -',IIul , ig t:i,; oj,-" rt ,ig co.; r - .
rea sonabI at tr 2 o{ tL' heun,,I :tOitel ! outiLd iC, r de with s;
i'lariti:1e AImininis.r'ti on tug-b , re d'-;t,' in T ble D.7.

D.3. 11 Calculation of ",)ystem. Ca-.4 %al. k(os.ts

After the total operating costs 'ire calculated, the program
then determines the total system capital cost ("totcapcost") for
the drop-and-swap 'and integrail modes of operation. This total
capital cost consists of the barg,,e price times the number of
barges in the systen plus terminal and storage facility ca%;pi aI
costs. These costs are adjusted to take account of the incree sed
productivity that result from multi-unit orders by use of the
learning curve factor formula found in George G. Sharp (1975).
The barge and tug prices are equal to the tug and barge costs
("ctug" and "cbarge") calculated previously, but increased by 10;"
to take into account shipyard profit. The terminal facility cost
is assumed to be some cost factor ("cfixterm") in dollars per
ton-day times the sum of the terminal facility
loading/discharg 'i r.,ats times the number of facilities per
port. The stor ge facility cost, which pertains to the integr:atl
mode only, is i d a o be eoual to the pro6a ct of some cost
factor in dollars per c;trgo de.dweight ton ("cfixstor") times the
barge cargo de dv:eight times the number of terminal facilities

,"minba!tr,1" ). This formula -ssumes that a stor-a-_
facility equail to the b'tre capacity :.tuft be built onshore for
each terminal fLcIity. This is only one of many possible .r:ys

of estimating shoroside storage requirements and was used just to
give an indicition of how storage costs might affect uhe
tradeoffs in oprr.tJ .n:, in the drop-and-swap versus integral ioe
In a real oprating environment, the storage c"apacity will depend
primarily on the ability of the tug-barge systems remaining on
rigid schedules. (21)

D.3.12 Calculation of ReQuired Freipht Rates

At this point the program has completed all the
calculations required to determine the required freight rate for
recovering all operating and capital costs for the system. TIe
required freight rate is simply the total system capital coot
("totcapcost") divided by the present value factor ("pvf") plus
the total system operating costs ("totopcost"), all divided by
the total annual cargo flows. Now all calculations have been

(21) in the modet 's b'se case ter'nin:tl and stora.ge facility capi-
tal costs were assumed to be zero.
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An ,r loru -}t ' n nirt port 2)o. tl- oqll0Ti to

V r 1)0 *t, C , 01' i ;t oi f fixf 'II c ir por por't
x.- r4 C, 'i x' pfl o r , - pl r v!1._th]C CO t Wh i !i

fun til of: th 11,--'x "evaIrporti " x "d:"and " cv arp" x~
"d t 1 Y)

Ann),,'1 f 2 iro:- t'a, joe ilu_ of C r.l *inco the c r
r ,p ,,_ a; !, L;nI 1~xV aj 1 t-17 invc.stlment for its owner,

cbc t ' 'tlC<W ait 1 t * is tfed up 'iie t' cargo is be! n:
trun -,joi ted shouli be cons3idered in tee total op,:'rating cost. f r
thle s t ern. Yht annuail cost for the time value of the cari 0
("acarigo") is oqu-Al to the product of the annual cargo fl1o
("af lowtvel1 " + " aflowave2 ") times the sea t ime in years and tin--.,

thle discount rate for capital ("disrate").

Anua erinlan Soag p orating Costs. The annual terminal
operutit- , cos ts aero" are simpl-)_y the product of the annual
cargo i.-ows ("laflowatvel"' + "d.flowavc2') and the average cost per
ton cargo for loading/discharg-ing operations ("1cvarterm").
Similarly, the -annual storage costs ("astorop") are simply the
product of the annual cargo flows and the average cost per ton
cargo for in port storage. (18)

Calculoition of the Total Annuail Operations Costs. At this poin,
thle tot al oper:,,LnL costs per tVug-bal-ge unit K "laopcost"l) can be
determined. it- isnply the sum of fuel, lube oil, crowing and
subsistence, m ainteniance and r ep)a ir , stores, supplies, and
equipment, insura.nce, cargo value, port charg, es, and other Mis-
collanceous ("laother") (19) costs. The to0 ta]. operating coat.3
("totopcoot") are then equal to thl-e number of tug-barge uniz
times thle operatinfg cost per tug plu the teruiinal. operat In
costs plus fleet adlministratv costs ( "Vi" . 20 For the
drop-and-swa"p modes j,&' of the cost of the additional ba-,rges
required to be stationed at the ports is added to take accoun-,
for the maintenance and repair, stores, supplies and equipment,
and inouranrce incurred by tbiese additional units. For the inte-
gral mode, the annual storage costs are added to take in account

(17) in the model's base case, all the port charge factors
("Icfixportl", "cfixport2", "cvarportl", and "1cvarpor't2") are
assumed to be zero.

(18) In the model's base case, all terminal and storage costs are
assumed to be zero.

(19) in the model's base case it is assumed that the
miscellanelous other costs amount to $30,000 per year for each
tug.

(20) in the mnodel's buse case it is assumed that the administra-
tive costs per floet amount to $150,000 per year.
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J~c t t 1

Io.. ;t r'i i 1 .,i~i r7 t; for t',1 p 1, 1) 1r U. r
So n. I v -t .o I I.

D. .135 t o r:, - , -o I ,v t -: P:: ~ V Or 1j n -1 1'.,-r

. . . .*. . . .. . . . .t. . Qf -IL b.1 Z~~,. o rm, an d spajed, tie ji r
graim 1I eter £505' the. asse at-J u rcAd f reig-ht ra-tte fo01, .
drop-and-swup, unbY1.Tari,-sd dro-nd-sw3-ap, and integ6ral of'
opera-t io:n. If for a part'icula r t r~tt on 11 he rfr for eitner r-,
ular or unbalanm,-od drop-a-.nd-.,;-q od, i , 3 1'ound tGo be 1 o* 'l
t hat ou n- for p rk2v io u . i ter -At on.3 o f tiiu- d 1o0p-and-swa o:
then the yse value.3 or thait L ,,rtion r~ila-I - Lhose
ly stored in tnrie array "bes t 1" 1ieR samec p';,rtains to thY1e
gral mnode whiich has its optimum -,jte-1 valuwcs stored in thle arrvty
"best2". So, -at the end of all the iterations with res7poc. t
tug-barg'e DWT, Cb, iL/B, B/T, and speed; the arrays "best 1 " aL.nd
'Ibest2" contain the system values for the drop-and-swap mode t~'
better of the balanced and unbala.,-nce-d modes) and integral1
respoectively, that result in the minimum r'fr. At this point t .-t
programji Will print out (if printed output was requested), -teop
timum-n ystemn paira!meters for both drop--and-swa;i-p and inte,-ral i a
for each trade- opecifiued by its port so-p--r ra t o n dist-An c c, i
l o ad ing,,/ d is chatirg;- i ig ra t. it als3o w-ill store certain o~f

tmparamneters s~uch as minimum rf r, optimum batrge sieand
etc. in stor;Age arrays that will. be used 1 n the graphical ovut
rout i nes. Following, this , t'he progr-iim w ill 1 return to I,-
beginning, reques,,ting, new inpalts.

This concludes the detaiiled description of -he
rp-mds-p programn. Discus3sion of the tGug-barge powierin- asi:

barge hull weight subprogrims is provided in Kn (1979.
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3

minbt ,mnaxbt,
delbt

yeyaeeuto
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The program now opens and

reads the data in the
semifixedparams" file

containing the present
values of the following
parameters: tugopdays,
bargeopdays, tlink, tunlink,
servmargin, fuelmargin, sfc,
cfuel, clube, nircrew, ewages,
osubs, csteelt, coutfitt,

wmisc, aotlher, admin, cfixporti,
cf ixport2, cvarportl, cvarport2,

cfixterm, cvarterm, cfixstor,
cvarstor, delayl, delay2, maxi,
maxb, maxtl, maxt2, disrate,

-econlife, inflafctr, vcargo -

output:
"Input any
changes to
semi- fixed
data via get
data format"

Any changes to the semifixed
variables are inputted by
writing "variable = value,"

The last change is
followed by a semicolon
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5B

output-tYpE

st3: ot=

iout=O

drne maxdist-mindist) +

deldist

__ -rrange=l1
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rrange =(maxrate-m~inrate)+1

To: maxdist
By: deldist

d=(distance-mindist)+

d= deldist +

By rate

(ate-minrate
r= deirate +

ys rload2=rate
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no

mindwt=
(104min (besti (2) ,bcst2(2)

ma mindwttenp 2)

no ceil( 12mfagewavel

mfowv2 flol= 2 30 **r36ad

rloadlO no (mflorave

yes30.5*runloadl J

D- 36



miinbarge2=

ceimflfwaveve
+ 3O.5*.unuoad2

rninbarge22=

oer (330. 5*rlloadf

minbr2=minarge

yes3



dwtlp:

do:2 cbO.5
(xb-3)*c

xlm:3. mid2

xFm: 2ic

*c =2 (c - . 5



Ilbarge75=

ibarge 85=

el' 0 8 *lbo7 3 7 *bto-3 81*dwt 033

lbabarge=

lbarge7 = 11

-lbarge80*x2cb
+lbarge85*x3cb

e-6.206 *t0.884 *b1.348 *dt1.104J

hullwtBO=

e-6 .3 9 6 *bto-9 0 9 *b 1 .3 68 *dwt iLI

hlt 85=

e-.69 *t0.930 *b1.39] *dwt1.7

10
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wstcelb=
hullwt75*xlcb
-hullwtS0*x2cb
+hu11wt85*x3cb

bbarge=

(lbarge+0. 7*Ituq)
lb

tbarge = brgeb -t

temp=

cb*lbarge*bbarge*tbarge
35

Swoutfitb=

ma .l496*lbarge-284. 24,}

displ=woutfit
+wsteelb

+dwtD
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lbarge=1/

( *isjl[*(lbarqe) 2_btl

35dcb*(bbarge) 2

"barge lengthen

routin doe no teelbdstlb 1

+wouyestoutput:t

I'o:lag>50 brelnt
exced 410



minfbd=llcoef (countr) +

(llcoef(countr + 1) - llcoef(countr))*

{lbarge-9-O .-1*countr}

10
minfbd=

min'fbd*(cb±O. 68)
1.38
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ldf act=
(tbrem infbd
(t a g + 12ye b r e 3 3 6

barg

131.2no

ldfact= m f&

jtbarge + 12nbd

lbarge

Q 0375*lbarge+3. 75
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volwqt=

35 *displ+lbarge*bbarge*

(darge-tbarge) .42

{2240 *(wsteelb+woutfitb)

490
ll~bargedagel

lbare+0.7*ltu

tbarge >maxtl
o-r

tbarge>xnaxt2ye

litb>maxl or ld>16
or

bbargc>maxb
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bbare -barge, yes
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168781*speed 1

Hee m sumnI p1.15*dhD 15% appendage drag0hp 8 land 10% linkage
E 1drag

[hpservmargin) *shp

(06(ihp)2 1.7 h
wsteeit={o41o~)~67 iP)

-~ + 378J

(0. 1866 (lhPr) 2 . 733 1 p)
Woutfitt4 +1540

-0. 08889 ( ip) 2+32.88( ihP

wmacht= ~ 1000 1000}

cmacht= (0. 314*ihp4-1730) *1.3

17
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ctug=+cmacht}*1000

,IioO;dsopt=O

yes tportl=(_I +

tportl= 4*dwt/tmload

18oav2dw

riaa
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-rload2=0- 48rrnlzid=>



0 0 
1,4 ~$4 4~4-) t))
0 WQ W **HO( 14 4 4J ) 1,

1.0 a)44 q) 0) (i O 4-J r
r 40 .'.U i :Q) 0 P

0 i O (0 4 C 044 4

*.-4- J d- () 0 A4 J

*d..-4.d00 C) d :0- J4 1 0~~~

r4J 9 9 -(0 1~ It 0 ) 4 P ) ji U)

o4 a) 4JtnQ)H

'N >1

4iC' 4-pi) -

4J41

.. -) Q) a) 0

~) :3 d
4 i-) 11 0 a

-H ~ ~ I 4944 -



(N
4J

0- 4 ) 0J

cP. 004 4-)

0' U)

4J-I CN 'm
a) .1 a)
U) r44 (NJn

H~i0 x

0.0I

4)4-

ri 4-) -P

0) -P 4J4)

r=: 4) 00

P- 04 0

'0 0'04

CD~~~~- 00) n C)t

-P -- 5z -~~. -P -Aoa 1 3r:

H a)
4) 4)r-

0 +0 41
0 4)

D- 50

&jA



yes ye wi twait no~t2

Itemp- ~ D 5tit<J01?

potKpr



distance eay dly
seatimet = 2* + eal+dly

speed +

portixnet =tportl + tport2

ttript= (seatimet + portimet)/24

next4:,

rseafuel =shp x sfc/2 240
rlubeoil =0.00025 * shp

rportfuel= 0.125

Fa-crew -= (cwages + csubs)*rcw

fuelcons = (rseafuel*seatirnet+reportfuel*portimet

nrtrips = tugopdays/ttript

alube = lubecons*nrtrips*clube
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~128.8 + 4539*ji0 - 0.2*ihD 2

aad= *1000 1000~ 11500
+2.47_____ -3 tdwt 2

+ 771000t-9.107*10 no-

ainsur= (210+0. 0036 *ihp+0.0018*tdwt) 15001

asupplies=(40+0. 00131*ihp+2. 6*104 *dwt)1300

aport= (cfixportl+cfixport2+ (cvarportl+cvarport2)*dwt)
*nrtrips

aterrnop= (aflowavel+aflowave2) *cvarterm

* - atermcap=

((rloadl+runloadl) *rinbrgl+ (rload2+runload') *minbrg2)
*cfixterm

astorop= (aflowavel+aflowave2) *cvarstor
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aopostf acrew+afuel+alube+aother

aopcst=I+anandr+ainsur+asupplies+aport}

pv'= (1- (1+disrate) -econife dirte

maxntug3466*1QAt(mittu=11

+yes

muit if ctrl2=

~035-0.0631*(mintu+rninbarg1 + minbare)~
J +0. 008815* 1minug(rinbage1mib3g2

max, +0008 mintug+minbarge+minbarge2) 3;
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.1(cug tifbre)

ctugbcbarge (minbarges+

1.ctu~barge)mp (ctugcbarge )*rma

mtbputifaocotmii totpcotaopcotitug

+acrcoadrin mibargel+ Iarel
ctubares~temca+ cu+age+atcapdi

toocotapcs+mnt totopcost) *(1+inflafctr

pvr
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rfr= -_a cost
(aflowavel+aflowave2)

iopt3=1

dwt=mi ndwt
& yes

?oututpr
Heading

no 56r

output



besti (1 )=rf r ys ip
bestl (2)=clwt/10 00 ye

besti (35)=ld n

best2(2lwt/100 yess

best (31es1

ldsoptD- 57s

_ _p=O __b



endob ip

endwtlp

rfrbl(d,r)=bcstl(l);rfrb2(d,r)=best.2(l)
dwtbl(d,r)=bestl(2);dwtb2Cd,r)=best2(2)
speedbl (d,r)=bestl (3) ;speedb2 (d,r)=best2 (3)
rintugsl(d,r)=bestl(19);inintugs2(d,r)=best2(19)
minbargesi (d,r)=bestl (30) ;minbarges2 (d,.r)=best2 (31)
percent (d,r)=100*best2 (24)/best2 (26)

output:
print out hedf

out=Oof ysipt outpu

no ptogrfollow
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30

1 This section just
yes sets up the inputs .

... wish graphic for the plots
output? subroutine which

is only used for I
? providing graphic

n plots of the
n arrays such as i

rfrbl (d,r)
Sdefined

L previously_

st
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D.5 DICTIONARY OF VARIABLES LSED IN THE
LROP-AND-SWAP COMPUTER MODEL

DEFINITION OF VARIABLES IN THE PROGRAM "drop-and-swap"

Variable Definition (units)

acargo: Annual Time Value for Cargo Cost. Total annual

cost for the time value of the cargoes onboard
the barge while being transported. The product
of the annual discount rate times the seatime
times the cargo value. (W)

acost: Annual Cost. Total annual cost for either
drop-and-swap or integral OGTB system, including
annual operating costs and annualized present
value share of capital costs. ($)

acrew: Annual Crew Cost. Annual costs for crew,
including wages and subsistence, for a tug.
($/tug)

admin: Annual Administrative Costs. Annual costs for
adminstration of tug. (S/tug)

aflowavel: Annual Average Cargo Flow from Port 1. Average
annual flow of cargo to be loaded at Port l and
discharged at Port 2. (cargo units)

aflowave2: Annual Average Cargo Flow from Port 2. Average
annual flow of cargo to be loaded at Port 2 and
discharged at Port 1. (cargo units)

aflowcap: Annual Flow Capacity. Annual amount of cargo ca-
pacity provided by each tug, product of barge DWT
and number of tug voyages. (cargo units)

afuel: Annual Fuel Cost. Annual cost for fuel for a
tug; product of the number of tug voyages, fuel
consumption per voyage, and unit cost of fuel.
(S/tug)

ainsur: Annual Insurance Premiums. Annual cost for in-
surance for a tug-barge unit. ($/tug-barge)
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alube: Annual Lube Oil Costs. Annual cost for lube oil
for a tug; product of the number of tug voyages,
lube oil consumption per voyage and unit cost of
lube oil. ($/tug)

amandr: Annual M&R Costs. Annual cost for maintenance
and repair of a tug-barge unit. (S/tug-barge)

aopcost: Annual Operating Cost. Annual costs for
operating a tug-barge unit. (S/tug-barge)

aother: Annual Other Costs. Other annual miscellaneous
operating costs not included in admin, afuel,
alube, ainsur, amandr, acrew, asupplies, and
aport. (S/tug)

aport: Annual Port Charges. Annual costs for port
charges for each tug, including variable and
fixed charges for Port 1 and Port 2. (S/tug)

astorcap: Annual Capital Cost for Storage Facilities. The
cost for shoreside storage facilities required
for the integral mode of operation. The product
of the number of loading/discharging facilities,
the barge size, and a cost factor ("cfixstor").
(W)

astorop: Annual Operating Costs for Storage Facilites.
The annual operating cost incurred for the opera-
tion or use of shoreside storage facilities
required for the integral mode of operation. The
product of the annual cargo flows and a cost fac-
tor ("cvarstor"). ($/yr)

asupplies: Ann~l Supplies Cost. Annual costs for stores,
supplies, and equipment for each tug-barge unit.
(S /tug -bar ge)

atermcap: Total Capital Cost for Loading/Discharging
Facilities. The capital cost for shoreside ter-
minal facilities. The product of the terminal
facilities throughput rate and a cost factor
("cfix term") . ($)

atermop: Annual Operating Cost for Loading/Discharging
Facilities. The annual operating costs incurred
for the operation or use of the shoreside termi-
nal facilities. The product of the annual cargo
flows and a cost factor ("cvarterm"). ($/yr)
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bestl (33) lb
bestl(34) bt
bestl (35) id

blurbl,2,3: Subroutine Plots input parameters representing
title of graph, vertical axis, and horizontal
axis.

bt: Breadth-Draft Ratio. The ratio of the tug-barge
unit's breadth and draft. (ft)

cbarge: Cost of Barge. Cs)

cl,c2: Coefficient arrays used only as input parameters
in the calling of subprogram "power"; values are
used in subroutine "prop" of subprogram "power."

cb: ' Block Coefficient. The block coefficient of the
tug-barge unit.

cf: Coefficient of Frictional Resistance for OGTB.

cfixportl: Fixed Port Charges for Port 1. Cost of fixed
port charges of tug/barge at Port 1 per voyage.
(S/voyage)

cfixport2: Fixed Port Charges for Port 2. Cost of fixed
port charges of tug/barge at Port 2 per voyage.
(S/voyage)

cfixstor: Storage Facility Capital Cost Factor. The cost
per long ton for shoreside storage facilities
used in the integral mode. ($/LT)

cfixterm: Terminal Facility Capital Cost Factor. The cost
per long ton per day throughput rate for terminal
facilities. ($/LT-day)

cfuel: Cost of Fuel. Diesel fuel cost per ton. ($/LT)

clube: Cost of Lube Oil. Lube oil cost per gallon.
($/Gal)

cmacht: Tug Machinery Cost. Cost of propulsion machinery
onboard the tug; function of IHP. ($1000/tug)

countr: Index for the loadline coefficient array(llcoef)
used in the calculation of the variable "minfbd".

countfitb: Barge Outfit Cost. Cost of a ton of outfit mate-
rial onboard the barge. ($1000/LT)
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coutfitt: Tug Outfit Cost. Cost of a ton of outfit onboard
the tug. ($1000/LT)

csteelb: Barge Steel Cost. Cost of a ton of hull steel
onboard the barge. ($O00/LT)

csteelt: Tug Steel Cost. Cost of a ton of hull steel
onboard the tug. ($1000/LT)

csubs: Cost of Subsistence. Annual subsistence cost per
crew member. ($/man)

ctug: Cost of Tug. Initial capital cost of a tug as a
function of steel and outfit weight and machinery
cost. (S/tug)

ctugbarges: Cost of Tug and Barges. Total capital cost of
all tugs and barges in the system. ($)

cvarportl: Variable Port Charges for Port 1. Cost per cargo
unit capacity for port charges at Port 1 per
voyage. (S/cargo unit and voyage)

cvarport2: Variable Port Charges for Port 2. Cost per cargo
unit capacity for port charges at Port 2 per
voyage. ($/cargo unit and voyage)

cvarstor: Storage Facility Operating Cost Factor. The cost
per long ton stored in the integral mode. ($/LT)

cvarterm: Terminal Facility Operating Cost Factor. The
* -cost per long ton moved through a terminal

facility. ($/LT)

cwage: Cost of Wages. Annual benefit and wage cost per
crew member. (S/man)

d: Distance Index. Index used to represent the
variable distance in optimum system arrays-rfrbl,
rfrb2, dwtbl,...mintugs.

dbarge: Depth of Barge. (ft)

delayl: Port 1 Delay Time. Length of delay at Port 1
prior to and after cargo operations, including
docking/undocking and awaiting berth time for the
barge. (hrs)

delay2: Port 2 Delay Time. Same as "delayl" except for
Port 2.
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delbt: Breadth-Depth Ratio Increment. The incremental
B/T to be used while varying the tugr.barge
breadth-depth ratio from its minimum to its maxi-
mum value.

delcb: Block Coefficient Increment. The incremental Cb
to be used while varying the tug-barge block co-
efficient from its minimum to its maximum value.

deldist: Distance Increment. The incremental distance to
be used while varying the port separation dis-
tance from its minimum to its maximum value.
(nautical miles)

deldwt: Deadweight Increment. The incremental deadweight
to be used while varying the barge deadweight
from its minimum to its maximum value. (cargo
units)

dellb: Length-Breadth Ratio Increment. The incremental
lb to be used while varying the tug-barge
length-breadth ratio from its minimum to its max-
imum value.

delrate: Loading/Discharge Rate Increment. The
incremental L/D rate to be used while varying the
L/D from its minimum to its maximum value.
(cargo units/day)

delspeed: Tug Speed Increment. The incremental tug speed
to be used while varying the tug speed from its
minimum to its maximum value. (kts)

dhp: Delivered Horsepower. Horsepower required to be
delivered to the propeller to drive the tug-barge
unit "speed" knots.

displ: Barge Displacement. (LT)

disrate: Discount Rate. Discount rate to be used in pres-
ent value calculations.

distance: Port Separation Distance. Distance between Port
I and Port 2 in miles. (nautical miles)

dq: Coefficient array used only as an input parameter
in the calling of subprogram "power"; values are
used in subroutine "prop" of subprogram "power."
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drange: Distance Range. Number of port separation
distances to be investigated.

dsopt: Drop and Swap Option. This option enable's the
program to investigate two types of drop-and-swap
configurations. When dsopt=O, both ports have a
minimum of one barge stationed for L/D. When
dsopt=1, the port with lowest L/D time has no
barges stationed for L/D and tug remains with
barge while in port.

dt: Coefficient array used only as an input parameter
in the calling of subprogram "power"; values are
used in subroutine "prop" of subprogram "power."

dwt: Barge Deadweight. (cargo capacity units)

dwtbl: Array variable used to store the barge deadweight
size of the optimum drop-and-swap system for giv-
en port separation distance and L/D rates.
(cargo capacity units)

dwtb2: Same as dwtbl except for integral system. (cargo
capacity units)

econlife: Economic Life. Economic life of the OTGB system
used in present value calculations. (yrs)

ehp: Effective Horsepower. Horsepower required to be
delivered by the propeller to drive the tug-barge
unit "speed. knots.

eta: Relative Rotative Efficiency Array. Array of
relative rotative efficiency (x000) values used
as inp parameters in the calling of subprogram
"power"; values are used in subroutine
"propfactors" of subprogram "power."

fbd: Barge Freeboard. (in)

fuelcons: Fuel Consumption. Amount of fuel consumed by the
tug per voyage. (LT/voyage)

fuelmargin: Fuel Margin. Percentage of fuel above "fuelcons"
required to be onboard tug after bunkering.

graph_type: Subroutine Plots inputs parameter used to desig-
nate type of graphical output. If equals 0,
loading rate is abscissa; if equals 1, distance
is abscissa.
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hr: Relative Rotative Ffficiency. Relative rotative
efficiency (riR) of tug-barge hull form.

hullwt75: Hull steel weight for tug-barge unit with Cb=0.75
as a function of ib, bt, and dwt. (LT)

hullwt8U: Hull steel weight for tug-barge unit with Cb=O.80
as a function of lb, bt, and dwt. (LT)

hullwt85: Hull steel weight for tug-barge unit with Cb=0.85
as a function of ib, bt, and dwt. (LT)

i: Index Parameter used in do loop to solve for Co-
efficient of Frictional Resistance for OGTB.

ibit: Subroutine "yesno" output value designating re-
sponse of user to a question. If yes was
signified, ibit equals 1; if no was signified,
ibit equals 0.

ihp: Installed Horsepower. Horsepower of engines
installed onboard tug. (horsepower)

index: Subprogram "power" Error Index. An index used to
indicate if some calculation error occurred dur-
ing the call of subprogram "Power".

inflafctr: Inflation Factor. A factor used to correct the
total annual cost ("1acost") for inflation after
January 1979.

inrate: Loading/Discharging Rate Input Option Parameter.
If equals 0, then the rate of loading 2nd dis-
charge at each port will be the same and equal at
each port and will be systematically varied from
the minimum to the maximum specified value. If
equals 1, the loading and discharge rate at each
port will be required input.

iopt: Drop and Swap/Integral Mode Option. This option
is used in the main computations. When it equals
0, then drop-and-swap calculations are executed.
When it equals 1, then integral mode calculations
are executed.

iopt3: Detailed Output Option. This option is used to
specify how much detail is desired in the output.
When it equals .0, only the optimum drop-and-swap
and integral system values are printed out for a
given distance and loading/discharging rate.
When it equals 1, drop-and-swap and integral mode
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values are printed for every value of dwt, speed,
distance, rate, cb, bt, and lb.

iout: Output of laput Data Option. This option is used
to insure that the input parameter values are
printed only once. When 0, input is printed;
when 1, input is not printed.

iout2: Output of Nonconvergence Message Option. This
option is used to insure that the message of
nonconvergence of the waiting time routine is
printed only once for a given L/D rate and port
separation distance. If equals 0, message will
be printed. When equals 1, message will not be
printed.

iout3: Form Coefficient Under/Overflow Indicator. This
variable is set to 1 if either lb, bt, or cb
values are out of interpolable ranges. Otherwise
its value is zero. It is used in the program to
allow the user to revise his form coefficient
inputs without having to input any other data.

j: Index parameter used in do loop to solve for
waiting times, voyage times, and minimum tugs
required in drop-and-swap mode. Also used in
Yesno Subroutine.

lb: Lenth-Breadth Ratio. The ratio of tug-barge
unit's length and breadth. (ft)

lbarge: Length of Barge. (ft)

. lbarge75: Length of barge with Cb=0.75 as a function of lb,
bt, and dwt. (ft)

lbarge80: Length of barge with Cb=0.80 as a function of lb,
bt, and dwt. (ft)

lbarge85: Length of barge with Cb=0.85 as a function of lb,
bt, and dwt. (ft)

id: Length-Depth Ratio. The ratio of barge length
and barge draft. (ft)

ldfact: Length-Depth Ratio Loadline Factor. This factor
is used to correct the tabulated minimum free-
board value (minfbd) for length-depth ratios less
than 15.

litb: Length of Integrated Tug/Barge Combination. (ft)
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l1coef: Minimum Loadline Coefficient Array. From this
array the value of minfbd is found via lineir in-
terpolation with respect to length.

llfact: Minimum Loadline Coefficient File. The file in
which llcoef is stored.

Itug: Length of Tug. (ft)

lubecons: Lube Oil Consumption. Amount of lube oil
consumed by the tug per voyage. (gals/voyage)

maxb: Maximum Beam. Maximum barge beam allowed during
voyage. (ft)

maxbt: Maximum Breadth-Draft Ratio. Maximum tug-barge
bt value to be investigated.

maxcb: Maximum Block Coefficient. Maximum barge block
coefficient to be investigated.

maxdist: Maximum Distance. Maximum port separation dis-
tance to be investigated. (nautical miles)

maxdwt: Maximum Deadweight. Maximum barge cargo dead-
weight capacity to be investigated. (cargo
units)

maxl: Maximum Length. Maximum OGTB length allowed dur-
ing voyage. (ft)

maxlb: Maximum Length-Breadth ratio. Maximum tug-barge
L/B value to be investigated.

maxrate: Maximum Loading/Discharge Rate. Maximum port L/D
rate to be investigated. (cargo units/day)

maxspeed: Maximum Speed. Maximum tug speed to be
investigated. (kts)

maxt1: Maximum Draft Port 1. Maximum allowed draft* in
Port 1. (ft)

maxt2: Maximum Draft Port 2. Maximum allowed draft in
Port 2. (ft)

mflowavel: Monthly Average Cargo Flow from Port 1. Average
monthly flow of cargo to be loaded at Port I and
discharged at Port 2. (cargo units)
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mflowav e2: Monthly Aver age Cargo Flow from Port ,. Av cra,
monthly flow of cargo to be loade] at Port 2 and
discharged at Port 1. (cargo units)

minbargel: Minimum lhrges/'Terminal Facilities at Port I.
Minimum number of terminal facilities (and barges
for drop-and-swip mode only) required at Port
in order to be compatible with Port
loading/discharging rates and flow requirements.
(barges/facil ities)

minbarge2: Same as minbargel except for Port 2.
(barges/facilities)

minbarges1: Storage array for "minbarge1" for the port pair
trades under consideration. (barges/facilities)

minbarles2: Same as minbargesl except for Port 2.
(barges/facil it ies)

minbrgl,2: Storage variables for values of minbargel and
minbarge2, respectively, used for drop-and-swap
calculations when dsopt is 0.

minbt: Minimum Breadth-Draft Ratio. Minimum tug-barge
B/T value to be investigated.

mincb: Minimum Block Coefficient. Minimum tug-barge Cb
value to be investigated.

mindist: Minimum Distance. Minimum port separation dis-
tance to be investigated. (nautical miles)

mindwt: Minimum Deadweight. Minimum barge cargo dead-
weighta capacity to be investigated. (cargo
units)

mindwttemp: Temporary storage variable for the variable
"mindwt" used for reducing the number of "dwt"
iterations required.

minfbd: Minimum Freeboard. The uncorrected (or block co-
efficient corrected) minimum freeboard value as
obtained after linear interpolation of the array
llcoef.

minitb: Minimum OGTB. The minimum number of OGTB's
required in the integral mode to provide suffi-
cient flow capacity. (tug-barges)

minlb: Minimum Length-Breadth ratio. Minimum tug-barge
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L/B value to be investigated.

minrate: Minimum Loading/Discharge Rate. Minimum po'rt L/D
rate to be investigated. (cargo units/day)

minspeed: Minuimum Speed. Minimum tug operating speed to
be investigated. (kts)

mintug: Minimum Tugs. Minimum number of tugs required in
the drop-and-swap mode to provide sufficient flow
capacity. (tugs)

mintugs1: Storage array for the minimum number of tugs
required by the optimal drop-and-swap system for
a given L/D rate and port separation distance.
(tugs)

mintugs2: Storage array for the minimum number of OGTB's
required by the optimal integral system for a
given port L/D rate and port separation distance.
(OGTBs)

multifctrl-3: Multiple Ship Cost Reduction Factors. Factors
used to correct single unit costs for multi-unit
orders for tugs and barges.

nextchar: Yesno Subroutine input variables used to test if
yes or no response was given by user.

nrcrew: Number of Crew. Number of crew members required
for a tug. (men)

nrtrips: Number of Trips. Number of voyages tug or OGTB
can make during a year. (voyages/year)

ol,o2: Subroutine Plots Input Parameters representing
the arrays of obscissa and ordinate coordinates
of the points to be graphed.

outputtype: Output Type Option. Allows user to designate
whether printed output is desired. If equals 1,
printed output is provided. If equals 0, printed
output is not provided.

parameters: Name of file containing the semifixed parametric
values used by the program.

percent: Array used to store the percentage that port time
takes of the total voyage time for the port pair
trades under consideration.
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plot_: Subroutine used to graph output data.

plot-scale: Subroutine used to set abscissa and ordinate
scale minimum and maximum values.

plot-setup: Subroutine used to set up the proper environment
for the plot_ subroutine.

portimet: Tug Porttime. Time tug or CGTB remains in port
during a voyage. (hrs)

power: Subprogram used to calculate the "dhp" and "ehp"
as a function of the tug-barge system's principal
dimensions and speed.

powerdata: File used to store data required by subprogram
"power".

propef: Open Water Propeller Efficiency (no). The ratio
of the power delivered by the propeller and the
power delivered to the propeller in open water.

pvf: Present Value Factor. Factor used in present
value calculations; a function of the discount
rate and econowic li-fe for the sys-tem.

r: Iteration index used for port loading/discharging
rates.

rate: Loading/Discharging Rates. Daily amount of cargo
which can be either loaded into or discharged out
of a barge located at either port. Refers to
each barge of the minimum required at that port.
(cargo units/day)

rc: Residual Resistance Array. Array of residual re-
sistance coefficients used as input parameter for
subprogram "power"; values are used in subroutine
"resist" of subprogram "power."

resist: Resistance. Total still water hydrodynamic re-
sistance of the OGTB combination.

rfr: Required Freight Rate. The amount of freight per
cargo unit carried required to cover system
operating and capital costs (present value
annualized). (S/cargo unit)

rfrbl: Storage array for the minimum required freight
rate found for a drop-and-swap system with
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specified port 1,/D rate and port separation
uistance. (S/cargo unit)

rfrb2: Same as for rfrbl except for integral mode.
(S/cargo unit)

rloadl: Loading Rate at Port 1. Daily cargo loading rate
at Port 1. (cargo units/day)

rload2: Loading Rate at Port 2. Daily cargo loading rate
at Port 2. (cargo/units/day)

rlubeoil: Lube Oil Consumption Rate. Amount of lube oil
consumed per hour. (gal/hr)

rportfuel: Inport Fuel Consumption Rate. Amount of Diesel
fuel consumed per hour while tug is in port.
(ton/hr)

rrange: Rate Range. Number of L/D rates to be
investigated.

rseafuel: At Sea Fuel Consumption Rate. Amount of diesel
fubl -to 'b6 bon guried p~r hour by the tug while
steaming. (tons/hr)

runload1: Unloading Rate at Port 1. Daily cargo discharge
rate per terminal at Port 1. (cargo units/day)

runload2: Unloading Rate at Port 2. Daily cargo discharge
rate per terminal at Port 2. (cargo units/day)

seatimet: Tug Seatime. Time tug or OGTB is at sea;
including delay time and linkage time
(drop-and-swap mode only). (hours per voyage)

servrnargin: Service Margin. Engine horsepower service margin
used to calculate IHP.

sfc: Specific Fuel Consumption. Amount of diesel fuel
consumed per horsepower per hour by the tug at
sea. (lbs/hp-hr)

shp: Shaft Horsepower. Shaft horsepower required by
tug to push OGTB through the water at the
specified speed. (horsepower)

shrfact: Sheer Correction Factor. Correction to the free-
board calculation due to lack of sheer expected
in the barge form.
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speed: Tug Speed. Tug designed service speed. (kts)

speedbl: Storage array for the speed of the drop-and-swap
system for a given port L/D rate and port separa-
tion distance. (kts)

speedb2: Same as speedbl except for integral mode. (kts)

sysin: System input file

sysprint: System output file

t: Thrust Deduction Fraction Array. Array of one
minus the thrust deduction fraction (x000)
values used as input parameter in the calling of
subprogram "power"; values are used in subroutine
"propfactors" of subprogram "power."

tbarg-. Barge Draft. ft)

tdwt: Total Deadweight of OGTB. Includes cargo dead-
weight capacity plus fuel and miscellaneous
weights. (cargo units)

temp: Temporary storage location used for various in-
termediate calculations.

th: Thrust Deduction Fraction. Thrust deduction
fraction (t) of the tug-barge form.

tlink: Linking Time. Time required to link a tug with a
barge for drop-and-swap operations. (hrs)

totcapcost: Total Capital Cost. Total system capital costs
for tugs, barges, terminal facilities, (and stor-
age facilities for integral mode only). ($)

totopcost: Total Operating Costs. Total OGTB system
operating costs. For drop-and-swap mode it
includes M&R and insurance costs for those barges
in excess of the number of tugs. ($)

tportl: L/D Time Spent in Port 1. Amount of time
required for L/D operations at Port 1 per barge.
(hrs)

tport2: L/D Time Spent in Port 2. Amount of time
required for L/D operations at Port 2 per barge
(hrs)

ttript: Tug Total Voyage Time. Amount of time required

D-75



by tug for a voyage. (days)

tugopdays: Tug Operating Pays. Number of days during the
year in which a tug is expected to be available
for operations. (days)

tunlink: Unlinking Time. Time required to disconnect
barge from tug for drop-and-swap operations.
(hrs)

twait1: Port 1 Waiting Time. Time tug is required to
wait for barge at Port 1 during drop-and-swap
operations. (hrs)

twait2 Port 2 Waiting Time. Time tug is required to
wait for barge at Port 2 during drop-and-swap
operations. (hrs)

vcargo: Cargo Value. Value of cargo per long ton.
($/LT)

volwt: Cargo Cubic Capacity. The amount of cargo that
could fit within the cubic volume of the barge.
(LT)

w: Wake Fraction Array. Array of one minus the wake
fraction (x000) values used as an input parame-
ter in the calling of subprogram "power"; values
Are used in subroutine "propfactors" of
subprogram "power."

wa: Wake Fraction. Wake fraction (WT) of the
tug-barge form.

wmacht: Tug Machinery Weight. (LT)

wmisc: Tug Miscellaneous Weight. (LT)

woutfitb: Barge Outfit Weight. (LT)

woutfitt: Tug Outfit Weight. (LT)

wsteelb: Barge Hull Steel Weight. (LT)

wsteelt: Tug Steel Weight. (LT)

x: Subroutine Plots variable used to represent
abscissa array values.

xcb: Quadratic Interpolation Coefficient. Parameter
used in the quadratic interpolation with respect
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to block coefficient for the value of ibarge and
wsteelb.

xlcb: Same as for xcb.

x2cb: Same as for xcb.

x3cb: Same as for xcb.

xmax,xmin: Subroutine Plots variables used to represent min-
imum and maximum range of abscissa axis.

yl,y2: Subroutine Plots variables used to represent
ordinate array values for drop-and-swap and inte-
gral modes respectively.

ymax,ymin: Subroutine Plots variables used to represent min-
imum and maximum range of ordinate axis.
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