AD-A083 124  MASSACHUSEYTS INST OF TECH CAMBRIDGE DEPT OF OCEAN E=-ETC F/6 15/5

OPERATIONAL EVALUATION OF TUGB/BARGE SYSTEMS.(U)
79 J D KASKIN NBOOIH-?G-C-0295
UNCLASSIFIED

lord
i
T




M DR

APPLICATIONS OF

OCEAN-GOING TUG-BARGES TO

MILITARY OPERATIONS

By

Jonathan D. Kaskin

Under the General

Supervision of

Ernst G. Frankel

Massachusetts Institute of Technology

M.I.T. Report #80-1

Performed Under Office of Naval Research

Contract No. N00O014-78-C-0295

Sponsored by the Department of the Navy

Military Sealift Command

July 1979

5TC
- 2V ECTE
C' ' ApRA 81980




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY é
PRACTICABLE. THE COPY FURNISHED ’
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




S —
T T T

: !

_UNCLASSIFIED
SECURITY CLASSIFICATION OF THNIS PAGE (When Deta Entered) i
REPORT DOCUMENTATION PAGE BEF o OB O M i

P —————————————
1. REPORT NUMSBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER l

T 44 TITLE (and Subtitie) . 5. YYPE OF REPORT & PERIOD COVERED

5 ‘ [ N o
r .| Final Report
dﬂ gERATIONAL QALUATION OF QG/;ARGE .;/YSTEMS &!1; L3178 - 6/30/79

6. PERFORMING ORG. REPORT NUMBER

M.1.T. Report #80-1

(. AUTHOR(s) o “mmwo&mm_{g)
—— . - . - . > / ,' '
@- Jonathan D. / Kaskin 14) 1Gpot14-78-C-gags y ;-
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK i
AREA & WORK UNIT NUMBERS |

M.I.T. VIR B A
Dept. of Ocean Engineering / @ 61f2('f| R }ZEN NR 272-296

Cambridge, Mass. 02139 \ {
1. CONTROLLING OFFICE NAME AND ADDRESS S 12. RE e e e o
Naval Analysis Programs (Code: 431) . )] )3uigmm79

] Office of Naval Research ' d3- nu Faees = !
Arlington, VA 22217 330 i
14. _MONITORING AGENCY NAME & ADDRESS(!! different mm"c:o?mmn. Office) | 1S. s:c.umrv CLASS. (of this report) ]
@) P : nay | re P‘f' : Unclassified

g 1Sa, DECLASSIFIC'ATION/BO\VNGRADING

16. "RIBUTION STATEMENT (of this Repord) =

e p—

I _‘_'L_ ma) P r’ y_ 3/30}7{77) SCHEDULE ]

Approved forj pub]ig release; distribution unlimited. Reproduction in whole
i ‘ or in part is permitted for any purpose of the U.S. Government.
b . . // ,, /» .
. b7 P

17. DISTRIBUTION STATEMENT (of the abatrsct entered In Block 20, if different from Report)

Wy

18. SUPPLEMENTARY NOTES

E 19. KEY WOROS (Continue on reverse side if necessary and identity by block number)

! Tugs, Barges, Tug-Barge Systems, Integrated Tug Barges, Ocean-Going Tug
Barges, Marine Transportation Economics, Sealift

Y

20. AB!’I’RACT (Continue on reveras alde If y and identify by block )

The purpose of this report is to identify the potential military roles of i .
the commercial Ocean-Going Tug-Barge (0GTB) fleet and to suggest how it may ;
be efficiently used in military operations. The overall conclusion is that ¢
the commercial fleet of O0GTB's:in conjunction with our nation's extensive '
- tug and barge building facilities provides a substantial sealift capability :
‘ » in support of the Military Sealift Command (MSC) peacetime, contingency, and
i mobilization operations. In many instances it is determined that OGTB's are = | .

i 7 DD , 5n™, 1473  eoimion oF 1 nov 8813 oBsOLETE UNCLASSIFIED i/)é gfé )4{,7}’

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entersd)

S/N 0102-014-6601}




T

-

— UKRCLASSIFIED

LLURINY Lo ASSIFICATION OF THIS PAGE(When Data Entered)

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 0GTB'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 0GTB
assets with contingency/mobilization assets. This would require MSC's peace-
time fleet of ships to be gradually replaced with 0GTBs capable of augmentation
with existing commercial and mobitization OGTBs during contingency/mobilization
operations. This strategy would result in a peacetime fleet that could be
rapidly expandcd for wartime .operations with the integration of commercial/-
reserve 0GTB assets.

The report is organized so that the reader is led from a point where no
knowledge of 0GTBs is assumed to a point where the concept of an overall
0GTB 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 0GTBs using their commercial advantages discussed in (2) can be expanded
by use of commercial/reserve 0GTB 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 1list
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 0GTBs in a deop-and-swap versus integral
mode, and (5) a bibliography of OGTB literature.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

e ey e ot ecman = ae b




e

S at e

——— ol _

- —ee e,

ABSTRACT

The purpose of this report is to idertify the potertial 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 corclusion is that the commercial fleet
of OGTBs in conjunction with our nation's extensive tug and barge
buildirng facilities provides a substantial sealift capability in
support of Military Sealift Command (MSC) peacetime, continrgency,
and mobilization operations. In many irstances it is determirned
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/functioral unit (barge). This separability allows
drop-and-swap operation where specialization of function: tugs
for transport and barges for storage ard shoreside operatiors 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.

Givern 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 ir a peacetime fleet that could be rapidly expanded
for wartime operations with the integration of commercial/reserve
OGTB assets.

The report is organiéed so that the reader is 1led 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
reasorable and logical method of providing contingerncy ard 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 wusefulness 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 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 advartages disucussed in (3) can
be achieved most expeditiously. The text is augmented by five
appendices that list particulars on (1) Tark Barges over 50,000
Bbl capacity, (2) Cargo Barges over 5,000 GRT, (3) Ocean-Going
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EXECUTIVE SUMMARY !

Scope §

Today, the U.S. Merchart Marine fleet contains several
thousard ocean-going tugs and barges. They range from small,
slow-speed, hawser-towed systems suitable for outsize cargo anrd
shallow water movements to very large (up to 55,000 DWT), moder-

i 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 contingercy 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 1in peacetime, contirngercy, 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.) Dbarges.
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

e SR

It is the overall conclusion of this report that the com-
mercial fleet of OGTBs irn conjunction with our nation's extensive
tug ard barge building facilities provides a substantial sealift :
capability in support of military peacetime, contingency, and mo- 1
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/functioral 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 requisitiored

for military wuse via the imposition of national emergency
{ measures as well as the construction of specially designred mobi-
lization vessels.
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ization of function: tugs for trarsport ard barges for storage
and shoreside operations.

It is also concluded that all of MSC's peacetime missions,
cargo transport, Naval Fleet Auxiliary ard scientific support
operationrs, canr be currently accomplished by OGTBs at 1little or
no additional «cost compared to ships. Missions involving long
distance and/or transoceanic movements can be hardled best by
shiplike mecharically-linked push-towed OGTB systems while the
shuttle and intra-area missions can be satisfactorily hardled by
less sophisticated OGTB linkage systems. Even if the
separability of propulsion arnd cargo/functioral unit did add ¢to
the construction cost as would be expected iz the long run, the
overall systems costs would be lower through efficient use of the
interchangeable propulsion ard cargo/functional units.
Additionally, this flexibility of separability allows the same
propulsis= urit to be used in ary of MSC's three mission areas as
demands and priorities dictate?

Giver that OGTBs can be efficiently ard effectively
utilized in both MSC's peacetime arnd 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 ard mobiliza-
tion OGTBs during contingency/mobilizatiorn 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 to ensure the suc-
cess of the concept:

(1) Evaluation of current commercial OGTB 1linkage designs to
compare their relative military and commercial performance to
include: 1linkage drags, costs of installation and retrofit, ease
of retrofit on pull-towed designs, ease of linking/unlinkirng ir
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) 1Inclusion 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 M3C's
peacetime fleet and so would be immediately available to augment
that fleet irn contirgency operations.

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




ately augmerting MSC's peacetime fleet 1in case of expanrded
operations.

(4) Identification of potential locations and configurations of
barge yard facilities during a mobilizatior. This would ensure
that these fac:ilities could be rapidly brought orline to expand
the MSC wartime OGTB fleet. (Sufficient tug building facilities
do appear to exist as a result of the offshore o0il irdustry.)

(5) Evaluation of the disruption/impact on domestic commerce
resultirg from tank ard deck OGTBs being committed to contingercy
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 0OGTBs to military
operations.

(6) Evaluation of the costs/benefits resulting from the conver-
sion of obsolete ships of the National Defernse Reserve Fleet
(NDRF) into barges with linkages compatible with MSC's active and
reserve OGTB fleet. This concept might extend the 1life 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 1is very ambitious and would require significant changes
to current military plannirg 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 traditioral
strategy of using National Defense Features to make commercial
vessels into military vessels. But such a change of thirkirg 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 arnd
non-selfsustaining designs. Practically the only new vessesls
capable of operating in an austere military ervirorment 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.

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 operatiorn or via a drop-and-swap shuttle
‘ discharge of a supertarker. (The latter method should be more
! efficient since it uses the tug for transport and the barges for

storage/transport.)

t
t i It should be realized that in the case of POL movements,
]
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Given all their military potential, OGTBs certainly deserve
a hard look before they are dismissed as anrn interestirng but
infeasible concept. Unless some other less expensive alternative
car 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 corcept of an overall
OGTB fleet strategy 1is established as a reasorable and logical
method of providing contirngency and mobilization sealift
capacity. This is dore through the use of five chapters that (1)
introduc’> the OGTB concept and related technology, (2) discuss
the commercial economics involved in their operation, (3) estab-
lish their wusefulress in military operations, and (4) suggest
what National Defense Features that should be included or O0OGTBs
cornstructed 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 1is 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.

A ]

In the second chapter a detailed review of commercial OGTB
economics is provided to compare the various types of OGTBs with
each other ard with ships. 1In addition, two different modes of
operation are considered: the shiplike integral mode where the
tug ard 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 1in 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 envirorment.
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In the third chapter the commercial ecoromics of the previ-
ous chapter are evaluated against possible military peacetime,
contingercy, and mobilization cargo operations. It is determired
that most military cargo trarnsport operations via low throughput,
shallow draft ports are especially suited to the O0GTB
drop-and-swap operation. In addition, it is demonstrated that
OGTBs are very appropriate for shuttle/lightering and intra-area
type operations. Then, the berefits of using O0GTBs 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 O0OGTBs as combination storage/trarsport
facilities that eliminate the need for shoreside advanced bases,
and how short term scientific support operations could use O0OGTBs
to eliminate the costly inactivation of propulsion machinery.

At. this point it has been determined that during peacetime
OGTBs co''1d be successfully used ir 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. Followirg 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 transitiorn from
peacetime to wartime operation can be most expeditiously accom-
plished by augmenting a peacetime OGTB fleet with
commercial/reserve O0OGTB 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
combirnation of these strategies may provide sufficient OGTB
componerts wuntil nrewly constructed mobilization components are
delivered.




CHAPTER 1

INTRODUCTION

The purpose of this report is to review the military
potentia’ of ocean-going tug-barges (0GIBs) for peacetime and
wartime cperations. 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 Dbarely 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 Dbeneficial 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 Dbe considered. Then, in the fourth chapter a listing of
National Defense Features that could be added to commercial OGTBs
to make them more wuseful for military operations will Dbe
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 (0GTBs) 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 0GTBs of
special military interest at +this time and provides the
motivation for the report.

1-1




It is the purpose of this section to first show the impact
of the nrew lirkage techrology or OGTB operatiors. This will be
followed by a discussior on how such new OGTB systems ane much
more versatile thar ships for many military operations. After
this, a review of previous military ard goverrment studies or
OGTBs will be giver to show that this report will provide rew
useful material for military plarnners.

1.1.1 Recert Advarces ir OGTB Techrology

Usually wher a military plarrer thirks of an ocean-goirg
tug-barge system, he thirks of the types of tugs ard barges that
were used ir Viet Nam or are used today irn Arctic and Caribbeanr
resupply missions. These OGTBs conrsist of shallow draft deck
barges of less than 400 feet in lerngth towed or a wire by a tug
of few thousand horsepower. These OGTBs are primarily used for
the trans-ocean trarsport of outsized cargoes such as corstruc-
tior equipmerts ard for the movemenrt of materiél through shallow
draft waterways. The shallow draft ard flat bottoms of these
barges make them capable of beachirg ard of rapid discharge at
unimproved port facilities.

These types of OGTBs are not usually corsidered for long
distance carriage of genreral cargo or materiél because of their
small size (usually less thar 5000 GRT) and slow speed (usually
less thar eight knots). However, due to the recent advances inr
push-tow lirkage techrology discussed ir Sectiorn 1.3, OGTBs car
no longer be considered only for such specialized applications.
They are row capable of carrying large cargoes (more tharn 55,000
lorg tons) of various types (Petroleum, 0il and Lubricants (POL);
Dry-Bulk; Wheeled; and Contairerized) at moderate speeds (at
least sixteer krnots) on either transoceanic or coastal trades.
Such a trarsition from the small deck barges shown in Figure 1.1
to ship like ocean/coastal capable pushed-towed OGTBs showrn ir
. Figure 1.2 irn just a decade is certainly remarkable and how it
occurred is explaired ir Sectiorn 1.2. 1In any case, the OGTBs of
today not only are just as capable as ships of equivalenrt size
ard speed but they also have the added versatility irherert in
separable propulsion and cargo units. The advantages of such
versatility are discussed irn the rext subsection.

1.1.2 Military Advartages of OGTBs over Ships

Many moderr OGTBs have linkages that give them the same ca-
pability as ships of the same size and speed in either
trans-ocear or coastal operations. It is this lirkage that also
gives them the added flexibility that is the result of separate
propulsior and cargo componerts, Such versatility results in
three sigrificant advartages over ships. They are in (1) opera-
tioral flexibility, (2) peacetime availability, ard (3) wartime




punog 1adng

o paau 25.rg pue 6 Losd 103w
O} ICE! EAR 13333 SSCH P S1 Ay |

wous vt dy (069 ot dn Buibues

oLl Gy 0at i Suters sbunes

RBYaI3sdy Ly fub £f Aurau

¢ G} Ot wosy Buibues Sweaq yim

051 O, ,t€ wos; yidua) wi afues

puncg :eCnq uo sGol o peLlWw By

10} 3i132;1BAR $;3559A S04 SBYID

sswp du Lozl

“dy 059
1© pates 8.8 pue apw 512 ‘buo|
.59 ase stin) samodasioy 069 syl

gy €9z ase sBunes 1omodasion I
M 12 sweaq yim ybual w02 —
912 s6n} $50.4 JBMOTaSIOY G92 iV

Cmrts =P

"G4 NOSL 01 0021 WOy

© BWO035.0Y Ut B0LBS PUT BPIM 2

pue Buoj 27 9B S5BYD JamodasIoy
00510021 o8 ur sbryssoy

t

sbny :SELO0 PeMOL-TInd TTews TedTdAL
. . 1°T @anbta

‘du 00£4 1 Pajes 5.8 pue
eptm G2 Due Eudj 08 2.8 sep
- $8M0dasI0Y 00L) i i S6T iy

GU 0522 19 Bune; modas.oy
BLIA B — 67 UL 20w

0] 92 WOy, seaq 0| € [
woy SWEBUB) LI § 3STAA BE it

' $SBD SAMOdasIoy 0622 34 vt stny

CLOME N

dy 06582 woy sSunes ewxes.ou
G 8 Ci L iE wDa el

SWEeaG L[ uPd &ICW 0] 1ELD
06 wou wEUa) u 88T ssed
28MOJ3SI0Y O00C 38 Ut 85 sS04

193y} 5my
punus jebng ,sso4

LOLI
i
-

Ry




- ————

o el s den<d <niind

‘1S €00Z 01 ¢n adues

LB 1S (0 IF LPis saoede)
6T 28 WO W ut 68uw)
855,60 33oU! pdou £ida3 JSOWwe
13ew 0! 365, § ct.ed je1dual
PuR $N03uReIS w0 IBQWINUY
{E'JUBSGNS € SuikjuiRW SSO4

SPun Ny’ Apeau o dn

SpUn A0 Wiy, sBuEs sapoeden
(02 ~utau o) 0oL woy Wwhuay

ut 5Eues 356.EQ 933y] ‘puncg
1604 U3 AiSroul §;0np020 Poosm
AQeI S 3yl €1 A,.aA37O%3 P3ICAIP
a.e sabieq diyd poom $504

~.0L1 O

011 2:e swSuan 'spA 0004 0 1S
005 Ol SEA 69m 0 (G 00L Wwos}
aluE) 530.2qQ 19ARI0 puB pueg

"SMODS
dunp 10; sp/ 0O6 pue sabieq
302 A, 00 1S C0L) 10 SiI8Q

0CSG o8 s2.0: s74TEd2D) 002 O

L1 w5l sulua] wawad

0} $8$1E; . wits, BugyLany
I°r 4 $0a006 Curo Hupou
'$35.8Q ¥50C. T |B105CS SSC4

"4S 6L O1 dn Kioeaed yi uiva G2
o 98ues suecog ydua; w1 914
o1 3 a,Gejeae ase Sabieq Nowisq

iew -

oy o

sa0.eq 0847 (0:0ueB
rOSUeIIS Y

==

— ey

1}}“']] ln!ﬂ.w

sefieq dwd poow
£9 e80j

©Breq 19ARI0 pue pueg

924 3803

= =
-

A ~

=3

ofeq asodind (€:3adg
481 8803

i

ab.ea g
00€ 8504

it u
nﬁ«o.au

a6.,0q 1eaMway)

S804
- . s TeW . . S®y » T

—

|

abieq wnaoNIY
t44 sso4

" Pt teierd g g g pfapasitgolit_turtm e S

085109 1PNPOd- MU ¥I8P LIBO
OFZ ss04

7 L = T _——— -
'

N 2 " o om f m PP

ssbaeg :SgIO0 POMOI-TTnd TTews TedTdAL
PonUTIUC* * 1T SANBTJ

L e el

B ek o

s b ecasa wa' i Burae iga

e v b A e bl e G -

R L 2L I P

ORI P SRS RN

it ar ate Bhal aeeiiah G

¥ao

02 0} .092 L.04 &2.2:
suful S.eT B pZ O1E, LTy

BBPUWILCITR UBS S LES LED. P
Auedwo) Br2 § LOUmTY $504

4
1
¥

LALE D33
woy a8ues SI6us 1 13,5 B :
$1QQ 000 02 O} AN S, TESTD M [
sqeese ae sahieq o e ) 4

€22067 20
0} '$199 owmw Wi JE Se LTI

aL.Quw e0.25 €ICl
63t wos wbuar v 2T S:I.E0
WraICRa0 |0 2uir 8.2, 3und S804

(s

01 dn sardecen cErD L v
ul opz 0. Cn el seE e
oLiEd ¥IAD PLE L ZL € =T
ertuwwcoce oy prLl sir 2
$9048G 1M DMLY w220 3T
Aveduwey 61 9 L. B 5804

sab.eg $s0.



Figure 1.2

Typical Modern Larrge Push-Towed OGTR':s

Source: Tug Barge Systems, Inc.
Company Brochure




Source:

Seabulk Corporation
Company Brochure

Figure 1.2 ... Continued
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availability. Fach of these advanrtages is corsidered separately
below.

Operatioral Flexibility

The primary advantage of propusior and cargo urit
separability is the ability of OGTBs to operate 1ir a
drop-ard-swap mode. In this method of operatiorn the tugboat
drops off the barge at a port to be urloaded ard ther proceeds
indeperdently or with ar empty/loaded barge to arother port or
operatirg area. This allows the costly tug ard its crew to be
utilized more efficiertly since they will be sperding more time
trarsportirg cargo rather than awaitirg cargo operations. Or the
other hand, in mary commercial operatiors this also results inr
lower barge utilizatior sirce it has to await the return of a tug
before it can be moved. As shown in Sectior 2.2, this 1lower
barge productivity may make drop-ard-swap operatior unecoromical
in commercial trades where port times are short compared to sea
times and/or where only a few large OGTBs or ships car hardle the
cargo movement requirements. However, mary military operatiorns
have very long port calls at the discharge port. This is due to
the queues that form at the begirring of ar operatiorn whern a
great amount of materiél arrives at the same time at a port un-
able to sustain a substantial increase ir cargo throughput.
Also, mary military operatiors require discharge at shallow,
undeveloped ports. This results ir many small urits being used
which carn orly be discharged rather slowly via primitive cargo
hardlirg equipments, 1i.e., rough terrain forklifts. Thus,
drop-ard-swap operation would seem to be particularly appropriate
for the 1initial stages of military cargo operations where it
could improve propulsior unit utilization substartially. Further
cornsideratior of this hypothesis will be given in Chapter 3.

There is arother considerable advartage that results from
drop-ard-swap operation 1in military mobilizatior actionrs. The
barge that remains ir port may be wused as a seaside storage
facility. That is, the barge does not have to be discharged im-
mediately sirnce no crew or propulsiorn unit is being tied up with
it. Instead, the cargo car remain orboard until required so that
the barge is used as a warehouse. 1Irn this marner, it able to re-
place a shoreside storage facility, saving the cost of
constructing such a facility. This floatirg warehouse may have
other advanrtages, especially for the storage of POL. For
example, the barges may be moved offshore to various locatiors,
making it 1less vulrerable 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 slower rate using less sophisticated

1=7
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ard less expersive port equipmernt. The barge car ever be beached
in  locatiors that would dunage ships arnd discharged via a simple
pass-pass system using forkliifts or barge mounted cranres.

There are also several safety advanrtages that result from
drop-ard~swap operatior. One 1is that the tug crew may leave a
warzore, immediately after delivery of its cargo barge sirce it
does not have to await the barge's discharge. Not orly does this
lesser the darger to the tug crews, it reduces the goverrment's
cost of operatiors since the tug crews will rot be collecting war
boruses ror the irsuranrce companies war-risk premiums for as lorg
a period of time. Also, ir case of eremy actior, orly the compo-
rent that is damaged reed be lost. The other comporert car be
used as the crew lifeboat and later used with a replacemert tug
or barge.

{ Although the above discussion has beer orly with respect to
military cargo movemerts, OGTBs operatirg in the drop-ard-swap
mode have many other potenrtial military applicatiors, particulary
as Naval Fleet Auxiliaries. As discussed ir Hawkins (1973) ard
Tomassori (1974), vessels such as terders, military hospitals,
etc., which sperd most of their time irn port are amerable to be
dropped off by a propulsionr urit ard picked up later wher ar oc-
casioral move 1is required. Also, as discussed in U.S. Navy
(1977), drop-ard-swap operatior may be a very economical method
of providirg fleet support irn the abserce of a nearby advarced
base for corsolidating commercially carried cargoes. More men-
tior of these studies will be made ir the rexf subsectior.

Peacetime Availability

Ocear-goirg tugs and barges make up a major componrnent of
our U.S. flag fleet. To show how importart they really are, con-
sider the following statistics:

In calerdar year 1977, 33% of all U.S. waterborre commerce
(includirg foreigr flag traffic) and 66% of all U.S. domestic
waterborre commerce was carried by rarge. Additiornally, 26%

of all coastal domestic commerce was ir OGTBs. Table 1.1
provides a Dbreakdown of the types of cargo moved by barge.
(Source: Departmert of the Army Corps of Ergireers,

Waterborre Commerce of the Urited States--Calerdar Year 1977,
Part 5, Natioral Summaries)

As of today the U.S. flag ocean capable barge fleet corsists
of approximately 184 dry cargo barges of greater than 5,000
GRT capacity anrd 90 tark barges of greater thanr 60,000 Bbl.

capacity. This 1s out of a total of approximately 5000 dry
| cargo barges ard 600 tark barges operating on coastal trades.
(Sources: Apperdix A for large dry cargo barges, Apperdix B

for large tark barges, and The American Waterways Operators,




DOMESTIC BAAGE TRAFFICe:

CALENDAR vlan 1977
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1412 JUILDING STONE, UNWARKED- B R o B o) PUPTRRPTP RPN B e e BE T e 12¢
41432 548D, SRAVEL, CRUSHED ROZK --=] 2.939.966 48,674,231 8,178,626 56,793:364 96.3 58,982,578
1451 CLAYamooom-- - - 3,529 1,435,966 425 104504002 79.1 1,833,042
1671 9HISPHATE RAC ==] 8,303,371 1,003,573 9,306,944 9s.7 9,624,611
1479 NATLRAL FEPTILIZER MATS, NEC 19.602 1,189 20,809 98.7 21,092
1492 SU_PWMUR, DRYomcucuoaen - 11,049 7,040 | cccancncccn 18,898 $9.8 18,945
1493 S9_PuuR, LIJUIN--e-eo- L e 4,403,879 152,000 4,505,479 53.4 8,438,503
1494 GYPSy™, COUDE aND PLASTERS 761 LR LR e e 784 remvoca- 1,132,119
1499 NONMETALLIC RINERALS, utC----—----~ 104,328 =-we-ve=ce| 5,052,888 33,494 5,210:490 83.3 6,256,432
ORCNANCE & ACCESSORIES
19114 ORCNANCE AND ACCESSGRIES-- 129 - .- 129 10.4 1,240
FOOD & KINDRED PROQUCTS
2011 YEAT, FRESH, CHILLED, FROZEN--cmv-e 710 cececceran|. cem- 21,262 21972 9.9 223,982
2012 YEAT AND PRCOYTTS, MNEC-e-aae- 6,402 |+==envcance T4 687y 5.5 119,313
2016 TALLOw, AMIMAL FATS AND OILS- 163,45% 74,227 2 264,068 98.4 269,062
2959 ANTwAL BY-PACDUCTS, NEC--- H 5,297 12.9 41,113
2021 CAl9Y PRODULTS, NES-a---- 3:296 5.0
2022 DR1ED MILK AND CREAMa- 221 [~ceeeonacen 1,190 2,7
2031 FUS= N3 SMELLF[S4, PREPAREJ---~ 16 27| ecmencans- 65,084 21.1
2036 vESEvAILES AnD POEP, NEC-v-cc-ves-a 452| eecoccaccas 19,145 8.6
2039 PAZP FayIT AND vES yuicCé, - scecsoanas 20005 ' 2
2041 WNEAT FLOJR AND SzMILUIN 1%0 169,091 72.0
2042 PRIGAREN ANImAL FEEDS-- 3.0N 568,636 68.9
2049 N Rl PROZyUCTS, MEC- 1,041 9,587,228 9%.8
2081 S)583--- m—eun -- 2,378 787,765 490.8
2062 “3LA3S€8-- 177,870 38,082 32,80% 88%,073 3.7
2083 ALCoudLIC BEvERS 11,340 esmwmac-aree 20.301 87.025 11.8
2098 VESETAILE OiL3, Ma3G, SHCRY-- 852,740 276,012} ecces 10,166,255 97,3
2092 ANIMAL DILS ANT FATS, NéCeoo- 47,096 $11.80% 59,501 94.3
2004 18| e=cccacacan 40.70%

2099
2099 WISTELLANEOUS FOOOD PIODUCVS"""'-

ONONSSELF PAOPELLED VESSELS,
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Table 1.1...Continued

. " PR
DOMESYIC RARGE TRAFFICe: COMMODITY @Y TYPE OF TRAFFIC«-CONTINUED
CALENDAR YEAR 1977
CIN TONS OF 2,000 POUNDS)

BARGE TRAFFIC PERCENT
BARGE TOTaL
coMmopITY INTR, - 10 TOT,L DCESYi2
COASTWISE LaAKEWISE INYERNLL L0cab TERRITORY 1ot D3MESTIC Thyrr:s

T0BACCO PRODUCTS

2131 YOBACCO MANUFALTYAESe--ccmc-cccacnn 1,565 3:394]-ccnvan 2,959 11.0 26,879
BASIC TEXTILES

2211 BASIC YEXTILE PROJUCTS--cvoocnnoene 8475 |e-cemccenca 19,897 382 20:954 27.0 77,741

2212 TEXTILE FlPLRS, NEC-ere--cececrecen 10095 |=vevaccncns 4,0890([=-~ 6,029 12,024 27.5 15,587
APPAREL & OTHER FINISHED TEXTILE

PRODUCTS, INCLYDING KNIT

2311 APPAREL--ercocee cencmccracancncenn 130922 ~cacccoccn]orctaccrcca]omanannaca 124 14:046 16.5 04,91
LUNBER & ¥OOD PRODS,,EXC, FURNITURE

2411 L0SS-racroccnracrcoracartnanoonans 562 17,729 611,022 24,714 654,077 99.4 658,297

2412 RAFTED LOGS------=-~ emmmemana ceerecena-a esccemvacmcen]cnocenoo 16.872.:2°

2413 FusL wgQb, CH2RZQAL, WASTES-~ 542,096 542,194 98.5% $5c.0:°

2414 T148gR, POSTS. POLES. PLLING 57,408 69,8478 86.5 2,872

2413 PYLPWUIIG, LOGe----mmmcamsann 10394,848 103945845 97.8 11 1,628,413,
2416 w030 CNIPS, STAVES, ®OLDINGS 2,119,374 2,216,442 99.5 1 2,224,7%4
2424 LUMBER~ccecncncrcmcccrcaraaas 1:06%5.928 233.12¢ 1:299.200 83.8 1,549, 28
2431 VENSER, PLYWOC  WJCRXED WOOD~ 710295 126,418]ccncenacan 197,780 Te.? 257,781
2493 WOOD MANUFACTU: 3, KECe--mo-m-nm=aae 89,132 20,658 90 12 109,953 $9.7 184,142
FURNITURE & FiXTURES
2511 FURNITURE AND FIXTURES-e-vewc--cacaa 19+478|+-cccrecca 2,393 -=vovanc==" 12,042 34,332 29.6 114,014
~ PULP, PAPER & ALLIED PRODUCTS
2611 PULPeccccrceccrcccnncnececercnane 112.671 843.62) 1,130[e=eccccnas 957,444 95.2 1,009,763
202t STANDARD NE#SPRINT PaPER-~ - 7,816 117,284} -~ -—e 49 124,949 83,7 196,166
2631 PAPER AND PAPERSCARIa-e-ocan - 26,358 660,963 |~ 5 PO 606,424 8p.7 3,323,338
2693 PULP AND PAPER PRODUCTS: NECe-==v-= 03,745 | ccnucccncna] §,378,982 4,407 2,209 14449,40) 63,8 1,729,842
PRINTED MATTER
2731 PRINTED MATTER.cvcvcacncrvecmmmpm=w (332 LT T Iereviy Py ameoy cecrvoceme (1% 3.0 20.401
CHEMICALS @ ALLIED PRODUCTS
2610 SODIYM MYDROXIDE---rocomrocococnann 702,874 |=cveaa-aueal 3,702,608 278,629 4. 604,108 87,2 4 5,379,216
2811 CRJDE Ta®., OlL. GAS PRODUC'3 236,830 8,217) 1,410,978 302,636 10942, 45¢ 88.8 | 2,203,238
2812 DYES, PIGMENT, TANNING MATS- L] EET Sty il SRS o] e e 13,512
2613 ALCOHILS-=~-s-eccmmccccerenoeonas 73,450 1,299 2,328,973 72,959 244760281 59.3 | 4,374,235
2616 RADIOATTIVE MATED[ALS, WASTES--~-e-|emcecvmmennlacncarccnca lomcaaaax [ -------.-----l-.------ | 517
2817 SENJEME AND TOLUSEVE-w-e--mo- veon 104,490 13,313 3,328,027 381,009) 38074739 a2.8 1 4,597,824
2818 SULPHURIC A10-com-coccoraacenann 94,648 |=ccncccenea] 2,032,8201 455,48¢! . 2+535,903 9.9 b 2,%63.038
2819 BASIC CMEMITALS AND PRACD, NEC--~--- 770,647 2096391 12,457,243 613,575 28,939 14,089,083 83,8 !
2821 PLASTIC MATZRlaLS-- -- 7.564 (-~ 72,766 1,378 H 81,753 2.4
2822 SYNTHETIC RUBITR- ccemcrcmaceccnnns 90 128.%02 ceelecsevecean 128,59 76,9 J
2823 SYNTHETIC (“aN-MADE) FBERS- 30 196 9.9 !
2831 DRJGS-meeamcicccrrvccconnaas 1,589 1.743 5.5
12,569 14,378 6.7 l
2851 PAINTS-crocnuon-aneo 1,969 5,349 10.3 h
2061 GUY AND WOOD CuEMICALS-=ceanacanana 2 343,205 87,7
2871 NITROGENIUS MEM FEATILIZERS - 319,060 3:327,20) 97,4
2872 POTASSIC CHEw FeRTILIZERS-nm - 137.601 471,213 s0.8
2073 PHISPAATIC CWEW FERTILIZERSG-~ - 77,878 615.232 99.9
20768 INSECTICIDES, DISINFECTANTS---reana 124 cosemansrca 2: 044 7.4
2879 FEQATILIZER AND ATEAIALS, NEC-<-=-~ 159,326 3,062,893 6,332 302234751 99.7 3,232.¢09
2093 WISCELLANEOUS CHEMICAL PROD-<--vene 59.991 475,248 2,979 214 538,432 64,2 813,820
PETROLEUM & COAL PRODUCTS
2913 CASOLINE-c-cccceccnccncccaceaccaesal 14,920,025 30,982,758 5,620,055 149,407 54,135,328 57.1 94,800,004
2912 JETY FUEL- - 712,292 4,071,177 1,557,941 |ccccecanan 60341,400 $0.1 12,659,838
2913 KEMOSENE- -~ - 319,621 1,365,878 708,203 16,325 2,428.0%3 “.5 5,433,241
2914 DISTILLATE FUEL OIL -1 9.706,584 25,886,861, 12,931,320 511,800 69,787,164 59.% 09,824,153
2915 RESIDUAL FUEL OfL-~cese-va eca| 20,457,317 2,425,153 48,048,278 27,782,598, 1,847,071 90,320,430 67,4 11133,558,.737
2918 LUIALCATING 0ILS AND GREASES 20%.369 4,820 2.472,242 192,738 ave 20675,458 9.7 5,751,437
2917 NAPHTHA, PETROLEUY SCLVENTS- 206,763 10999 2,6%7.089 280,30% 321,0%9 3,489,705 59.3 5,854,871
2918 ASPHALT, TaAR, av] PITCHES- 1,689,798 028 4,385,450 315,820 1,476 6,269,308 66,3
29208 COXE, PETRCLEUM CIxE 7.680 .- 2,327,657 2587731~ 15874110 93.8
2921 LIJUEFTED GASES---- 207,809 ? 993,794 81,7881~ - 11285,198 99.8
29351 ASPAHALY BUILDING MATERIALS S.810 | ccmncccnen 1e472[cececcacan $:962 33,4 H :
2993 PETROLEUM AND COAL PROD, NEC=-=ecc-e $0,430 11:443 675,022 1,501,443 2,303.8¢8 86,6 2,683,850
RUBBER ¢ WISC. PLASTIC PRODUCTS
3911 RUPDER AND MISC PLaSTIC PROD---ew-a 19.877 |-“cosacacae 13:487 | escveccacan 4,132 39,296 9.0 139,408
LEATHER & LEATHER PRODUCTS
.. J188 LEATHER AND LEATHER PRODUCTS--vomum 402 ~=rocenccce 1,429 1,333 9.1 16,903
STONE, CLAY, GLASS. & CONCRETE PROD.
J218 GLASS aND GLiaSS PROOUCTS~e-w 9,083 [--vcacce=ca 38,011 [vvecacasa £12} 34,423
3241 QUILDING CEMENT----cemcacs 1,599,981 204,974 4,100,010 03,097 (1 6.009,319

oNONSELF PROPELLED VESSELS,
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Table 1.1...Continued

" OMMERCE OF 7" 7 UN

DCPESTIC ARGE TRaFFICe: CA%MODITY BY TYPE OF TRAFFIC--CONTINUED

CA.FNDAR YEAR 1977

(N TONS OF 2,000 POUNDS) .
- BASGE TRAFF{C PERCENT
BARGE 10Tai
commMIpITY INTR,. T0 TITal DONESTIC
COASTHISE LaxeW]SE INTERWNAL LOCat TERR]TORY T0TaL DOMESTIC TRafFIC
STINE, CLAY, 3.a5S.8 IONIRETE PRCD.
CCONTINVEL)
3251 STRUCTURAL CLAY PACILUCTS-cecmcosmmn 24300 29,948 32.262 39.4 81,889
I2TY Ll¥kecccnmmaiancnas an .- 922 871,747 872,270 99.2 879,360
3281 CUT STINE ANT STONE PROJUITS---=o-- [ eavecaamce 82 2.3 3,573
3291 4ISC NOWMETALLIC “INEWAL PROD------ 65,89 | c-mnoccares 594,183 66%5:453 73.1 909,039
PRIMARY mETaL PRIDUCTS
3311 P1G IRQN-=--c-ccccceeracccucscvacn Jecmccsrcnaa|ormaacanee 101,482 -=cemccc-am(emeccrnann 101.462 3.6 109,158
II12 SlAGercmmmeccaccacaaccann - 5,385 [ vcmrua-conn 428,020 271,613 |ecccconan= 7050016 55.7 1,206,357
3314 IRIN AND STEFL PR!WARY FORMS- - 11.172; 2,508 503,728 ~ccoecnncan 41 5165445 91.6 S6b.022
3315 k3N, STEEL SHAPFS5, EXS SkEET- - 58.913 cmeeon-crse|  1.060,274 11,710 2,487 1,125,384 95.3 1,180,508
3316 IRON AND ST:EEL PLATES. SHEETS- - 13,8691 45,345 2,747,382 2:815.345 97.3 2,892,719
3317 {36 and STeEL PIAE aNY TUuBE .- 27,114 cacanea-s| 1,123,104 1:175,9%9 8.8 1,437,344
3318 FEACALLCYSacmmmmmcanvammaen B O €,403 758,194 763:794¢ $9.9 Toa, 499
3319 1834 44D STEZL PRINLETS, NEC - 1:9320ccmcaconen 160,184 162,112 85.0 190,757
3321 NIVFERROUS wETaLS, nEC - vesa 13,323 )ececmancnee 13,575 12.8 105:963
3322 €923E2 ALLOYS, VNelAKED- - anen 70,278 121,312 204,539 96.90 212,958
$ 3323 CEAD AND TINT, UNWCHAKED--- .- vere 109,754 13,478 123.314 93.5 134,8%%
3 3324 ALUMINUM AND ALLDYS, UNWORKED-:---- rrevon 82,570 91,003 47.2 192.81%
3
FABRICATED METAL PRIQUCTS. EXCEPT
ORONANCE, MACHINERY,d TRaNS, EQUIP,
3411 FA3RICATED METAL PRIDUCTSe--c-ene-a 492,573 1+512 502,413 2,346 872 1,003,736 77.9 1,287,828
MACHINERY, EXCEPT ELECTRICAL
[ 3311 YACAINEAY, EXCERT ELECTRICAL--- 706737 |emcecravnns 251,442 14,602 2,312 338,093 $7.8 499,868
ELECTRICAL MACHINERY,
EAVIPMENT § SUPPLIES
3611 ELECTIICAL MACH AND EQUIP-c-ormea-a 23:307|-=scemeecea 112,498 248 3,448 139,501 45,6 299.37¢
TRANSPORTAT (3% eQUIPMENT
3711 4OTIR VEKWICLES, PAQTS, EQUIP<--~=eow 114,698 24,015 1,235 8,205 148.951 30.9 402,528
372+ ALACRAFT AND PARTS.-wmcomcmcoaonan az6 285 23|-cememm--- 10134 91.5 10249
3751 §41°§ AND BOATS---nn 12,450 31,480 1,070 33 $1.013 49.7 129,477
3794 <1SC TRANSPOITATION O 71,514 3,873 ]crcacceacen 36 75.421 91.5 82,438
INSTRUMENTS, PHOTOGaPWIC & OPTICAL
GOODSs WATCHES & CLOCKS 5
3811 INSTR, TIME, PHMOTO, CPT GO9)S--ee-= 10778 e=ccnncescc |aaumorcncos fuaapoananee 32 1:810 10.3 17.5%¢
S1SC, PRODUCTS OF MaANUFACTURING
3911 41$C MANUFACTURED PACOUCTS-om--vova 4,350 [~~emecancaa 158,341 2,905 175 185,771 8.2 2,013,199
. MASTE & SCRAP MATERIALS
i 4011 IRIN AND STEEL SCIAPe<o~~e - 110,852 78,297 10213.52% 466,727 2,124 1:871,325 9e.5 1,979,221
4012 NONFERRIUS METAL STRAP-cceun-- 554 ) ~cccmenmran 27,939 -ecmcenccenfecacanrens 20,493 50.2 56,719
4022 TEXTILE WaSTE, SCAP, SWEEP-~-=v=-o- B e o 12 o1 11,497
4024 PARER WASTE AND SIFAPeccecann- 2,714 17 2:751 7.3 37,889
4029 JASTE AND SCRAP, VECeseovmcena-- 5.768,803 3.416,459 196,597 9383, 319 76.6 12.25%5,099
SPECIAL ITENS
4111 WATER--v-occacon-caces 818 |=-ccmcvaces 10211.174 120,016 5217 1.357,020 38.8 3,499,89¢
4112 COYMQOITIES, NEC-ce~-ere-cocaccnan-s 439,223 319 352,034 43,021 32,683 867,276 31.2 2,781.120
T0TALsevmmoccmumcncsaracovanraoomaa | 64,606,058 4,364,196 1494,142,113] 73,705.802) 3,342,960 6400163,135 65.8 972,968,830
TOTAL DOMESTIC TRAFF(Ceacvcaa-ccccee [748,083,336|109.079,945 (528,704,858 83,444,472 3,654,395 972:986,0808 |v=re~ece |pecccccnacans
.
PEQCENT BARGE TO THTAL DOMESTIC---- 26.4 4.9 93,5 88.3 95,9 65.8 LR | aeied

ONIN-SELF PROPELLED VESSELS,

Source: Waterborne Commerce of United States, Calendar Year 1977

Pact 5 - National Summaries; Lower Mississippi Valley Division
U.S5. Army Corps of Engineers, Vicksburg, Mississippi




Irc., 1975 Irlard Waterborre Commerce Statistics for the total
rumber of coastal barges)

As of today there are 364 U.S. flag ocear-capable tugboats of
greater thar 3000 horsecpower certified for ocean towing ser-
vice out of approximately 1600 tugboats of greater thar 3000
horsepower operated ir coastal waters. Additiorally there at
least 142 tugboats of greater thar 3000 horsepower rot
certified for ocear tow service that could become ocear tow
capable with little modificatior. (Source: Apperndix C for the
number of high horsepower tugs, certified or ron-certified
for ocean tow service; 1975 Irlard Waterborre
Commerce Statistics for the total rumber of tugs)

Of the 36 U.S. flag tarkships of less thar 25,000 DWT, nonre
are less than 25 years of age. Of the 134 U.S. flag tankships
betweern 25,000 and 50,000 DWT, orly 16 are less than 10 years
old, 27 less thar 15 years old, and 52 less than 20 years old.
Of the tark barges betweer 50,000 Bbl ard 25,000 DWT only rore
is greater than 25 years of age ard severteern more tharn 10
years old. Of all the tark barges betweer 25,000 arnd 55,000
DWT, orly one is more thar 10 years of age. Additiorally,
most of these tark barges have some type of push-tow lirkage
that allows speeds of greater thar 12-15 krots to be achieved
when they are pushed by a high horsepower tug. (Sources: MSC
P504, Military Sealift Commard Ship Register, April 1979, for
the tarkship data; Apperdix B for the tark barge data)

Of the 41 tarkships built under U.S. flag in the 1last five
years, only '3 have been of less tharn 50,000 DWT ard rore have
beer smaller than 35,000 DWT. Of the 27 tarkships built be-
tween 1970 ard 1974, only 3 were less thar 50,000 DWT, two of
40,000 DWT and ore of 27,000 DWT. Irn comparisor, all of the
tark barges built have beer less than 55,000 DWT arnd of the 69
of greater thar 50,000 Bbl capacity built since 1970, 55 have
beer less thar 25,000 DWT (175,000 Bbl). (Sources: Same as
the previous statistic)

As of today only four of the rnine tark ships currently unde»
constructior in U.S. yards are 1less thar 150,000 DWT. Ir
comparisor, there are five CATUG OGTBs beirg built of 1less
than 50,000 DWT. Additiorally, four deep notched tark barges
betweer 20,000 ard 55,000 DWT are urder corstruction.
(Source: U.s. Department of Commerce, Maritime
Admiristration, U.S. Merchant Marire data sheet of April 1,
1979, for tank ship ard CATUG corstructior; irdustrial sources
for other tank barge construction)

As of today there are four roll-off/roll-orn (RO/RO) ships be-
ing built in U.S. yards. 1In comparisor there are two ARTUBAR
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lirked ard two pull-towed OGTBs of sigrificant size beinrg
built at this time. (Sources: Same as the previous statistic)

Some of the last statistics should point out a very importart
trend. More ard more of the coastal 1liquid bulk traffic is beirg
carried 1ir Dbarges. Today, only barges are beirg built to move
liquid cargoes of less tharn 2%,000 DWT ard more Dbarges thar
tarnkships are Dbeirg built to move cargoes betweern 25,000 ard
50,000 DWT. Therefore, it is apparert that the lack of rew hardy
sized tarkers has beern caused by OGTBs beirng built ir their
place. Forturately, many of these 0OGTBs, especially those of the
mechanically-lirked variety, have the same commercial
capabilities as ships they replace. Others of the 1loose-lirked
push-tow type have at 1least ship-type capabilities or coastal
trades. Thus, these tark OGTBs should be seriously cornsidered by
military plarrers for use in military cortirgercies as hardy
sized tankers.

The availability of OGTBs to military 'shippirg 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 Caribbear, Alaskar, or Hawaiianr
ports. Removal of these assets from commercial trade for mili-
tary operatiorns could cause some severe disruptions in the flows
of commerce to those areas if there were irsufficient surplus ca-
pacity in those trades. Deck barges, or the other hard, are ror-
mally ir the spot market ard could be obtaired without difficulty
for military actions. The tank barges are in ar intermediate
positior. Some, especially the chemical barges, are ofter compa-
ry owned anrd have beer built for dedicated coastal service. Al-
though their removal from service could be compersated by
increased truck anrd rail movemenrts, transportatior costs would
increase dramatically for these comparnies. Or the other hanrd
most of the medium sized ard some of the lar ;e POL barges are in
.the spot and short term charter markets. Thus, they could be
obtaired rather easily for military operatiors. The amount of
this tonrage available has rever beer compiled (1) so it is
recommerded that a continuous market survey should be iritiated
to monitor this very important military asset. The impact of the
removal of a large amount of this POL tark barge tornage could be
partially compersated by truck ard rail movements. But it would
be certair that POL distribution would be disrupted seriously
since the other modes would rot be able to handle the ircreased
trarsport requiremerts. A study 1is warranted to estimate the
magritude of the impact of such a disruption.

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

In case of a full scale mobilizatior, it is certair that
OGTBs can and will play ar importart part. Currertly, the Office
of Ship Constructior of the Maritime Admiristratiorn is developirg
mobilizatiorn desigrs for ocean-going tug-barges anrd this is
discussed in detail in Arrex A and in Maritime Administratiornr
(1979b) . In order to point out how much mobilizationr potertial
O0GTBs 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 ir lenrngth.
Most of these yards could construct medium and 1large sized
ocean-going tug comporents of OGTBs. (Source: The Workboat,
December 1978)

As of November 1979 there were several yards that could cor-
struct mobilizatior barges but would be too small to build mo-
bilization ships. Specifically, there are U7 buildinrg
locations capable of building a 600'x90' RO/RO barge, 14 more
than are capable of buildirg RO/RO mobilizatior ships. Total
construction capability for RO/RO mobilizatior barges is 70
barges simultareously, with mutiple wutilizatior of 1large
building basins. There are also a total of 63 ways or basirs
capable of buildirg the 5U40'x75' gereral purpose mobilizatior
cargo barge, 30 more than are capable of buildirg the Jumbo
general purpose mobilizatior ship. Total simultareous conr-
structior capability is 87 barges. (Source: Maritime Admin-
istratiorn (1979b))

There are a corsiderable rumber of yards too small to build
‘the 1large mobilizatior barges but are capable of constructing
smaller general purpose cargo barges of about 300 feet ir
length and 75 feet ir 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 thar 3000 horsepower, 74 of greater than K000
horsepower, and 38 greater than 7000 horsepower. These power
units could be wused to push deep rotched barges at rather
respectible speeds if the barges are equipped with shipshape
bows. For example, as seen in Table 1.2 only 6000 ard 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 14.5 knots anrd
18,600 HP to propel a 26575 DWT T-5 tanker at 18 knrots. Such
speeds should be achieved by OGTBs of the same horsepower anrd
deadweight if the barge were provided with a shipshape form
and if the lirkage drag were not too severe. (Source: Appen-
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dix C€ for nrumbers of tugs of greater thanr the spééified
horsepower)

As estimated by the Shipbuilder's Council, about half of the
$8.1-13.6 Dbillior expected to spent anrually or merchart ship
corstructior from Jaruary 1979 to December 1983 will be spert
or the buildirg of small ard ror-propelled vessels (ircludirg
barges).

From the above statistics it is apparent that tug and barge
constructior make wup a large part of our shipyard/boatyard
capabilities in peacetime. In the time of a gereral mobilizationr
these same yards could provide substanrtial shipping capacity ir
the form of 0OGTBs. This could be dore by the constructior of rew
tugs and barges or by the conrversion of existing tugs ard barges
irto more militarily useful vessels. As anr example of the latter
possibility, many of the high horsepower offshore o0il irdustry
tugs that are currently 1in exploratior service could be
retrofitted with a push-tow lirkage. These tugs could be mated
with pull-towed barges that have beern retrofitted with a matchirg
linkage. With its new push-tow lirkage, the barge's speed anrd
transport capacity could be doubled from its hawser towed value.
Also, many of the deep notched coastal OGTBs could be quickly
corverted to ocearn service by the installatiorn of ar improved
lirkage such as the ARTUBAR discussed irn Section 1.3. Such
retrofitting of tugs has a very importart advantage. It frees
rew propulsion machirery units, which will certairly be in short
supply during a mobilizationr, for installatior ir Naval arnd large
mobilizatior ships.

1.1.3 Previous Military ard Goverment Studies or OGTBs

Considering the operatioral flexibility and the peacetime
ard wartime availability of OGTBs it would have been expected
that much would have already beer writter on their military
usefulress. Unfortunately, this has not beer the case. Only
three defense related studies have been completed so far, two
sporsored 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 ecoromic replacements of oilers (AQO's) and
ammurition ships (AE's) as shuttle ships in fleet support
operations, particularly ir the absence of advarced bases. An
abstract of this report is provided ir Annex B.

The other Navy study, Hawkinrs (1973), and its follow on
report, Tomassoni (1974), discussed how OGTBs could be used as
replacemenrts for Naval Fleet Auxiliaries such as tenders and hos-
pital ships that rarely move durirg peacetime o wartime. These
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reports have recenrtly gererated conrgressional icterest in OGTBs
as destroyer and submarire terder replacemenrts and there are
currertly twdo rew studies beirg corducted (Keerar {(1979)) to make
ar updated evaluatior of whether OGTBs would be suitable for
these ship missions. Abstracts of the two earlier reports are
included ir Arnex B.

The MTRB study, MTRB (1979), briefly discusssed the OGTB
irdustry as part of an overall review of the defense utility of
commercial vessels anrd craft. The report concertrated or
pull-towed systems and made little mentiorn of the rew push-towed
systems. An abstract of this report is provided in Arnex B.

Probably the mainr reasor why so little previous work has
beer done onr 0GTBs, particulary of the push-towed variety, is be-
cause they have had such a low profile sirce their inceptior.
Even the Maritime Admiristration had pretty well neglected them
Since th. early seventies when_they had conducted some conceptual
and prelimirary ecoromic studies or their potential. (2) (See
Table 1.3 for a 1listirg of MARAD sporsored studies onrn OGTBs.)
The primary reasor for OGTB's low visibility is because they had
beern until recently used exclusively ir domestic commerce. This
had made them ireligible for subsidies and the <close scrutiny
involved ir the subsidy process. . Also, lack of subsidy made them
ireligible for Natioral Defenrse Features, Keeping them out of the
military review process. Additiorally, most OGTBs are operated
by privately owned comparies which have tended rot to publicize
their new techrnology to 1increase their competitive advantage.
And since these OGTB operators have rot had until recently anry
major lobbying organizatior such as the American Institute of
Merchant Shipping to promote their 1legislative interest, they
have ternded to remain out of public sight. In actuality, OGTB
operators have done their best to shy away from goverrment assis-
tarnce in order to avoid possible goverrment regulatiorn.

All of these factors have kept OGTBs from goverrment
notice. However, since the Maritime Admiristration sponsored the
Ocear-Going Tug-Barge Plarring Conference in March 1979 and sirce
more OGTBs are being built with Cornstructior Differential Subsidy
funds, it 1is expected OGTBs will receive the attention they de-
serve in the future.

(2) The Maritime Admirnistratior orly began 1ircludirg OGIBs 1irn
their U.S. Merchart Marire data sheet since September 1977. This

is in spite of the fact that OGTBs of greater thar 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
ﬁ
completed by Maritime Administration staff, or under the 1

direction of the Maritime Administration by outside contractors.

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

COMPUTER PROGRAM FOR THE AMALYTICAL 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
HYDRODYNAMIC PERFORMANCE OF CCEAN-GOING
TUG/BARGE SYSTEMS, PHASE II, EXPERIMENTAL
EVALUATION OF CONCEPT DESIGNS, PART A,
RESISTANCE AND PROPULSION EXPERIMENTS

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

Filson, John J.

ADVANCED OCEAN TUG-BARGE SYSTEMS: A PROGRAM
FOR EVALUATING OCEAN GOING, CONNECTED TUG
BARGE FLOTILLAS 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 (FLEXCR)

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...Continucd

Hirasaki, M. 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 A
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, CHIO

- 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 "aval Ship Research and Development
Center, Bethesda
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Table 1.3...Continued

MARITIME ADMINISTRATION INDEX

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 §RT OF OCEZAN BARGE
DESIGN AND GPERATION

Maritime Administration Report COM-74-10121,
May 1972 ;
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1.2 distoric/FEcoromic Review of OuTB Techrology

Probably the primary reasor why commercial 0OGTBs have rot
been giver serious corsideratior as militarily useful assets in
the past is due to their historical use as low value bulk cargo
coastal carriers with slow, sometimes urnsafe, obsolete anrd/or

surplus equipmerts. However, irn the last Lwo decades 0OGTBs have
developed 1irto ship sized, trars-oceanr capable, medium speed
carriers of low and high value cargoes with safe, moderr ard eco-
romical equipmert. How such a rapid metamorphosis occurred will

be explairned ir the following subsections.

1.2.1 Historical Developmert of OGTBs

In this courtry tugs and barges first begar to appear onr
the East Coast during the late nineteenth certury. This was the
time wher steam ships anrd the developirg railroads began
displacinrg the slower ard less reliable sailirg vessels ir the
coastal trades. Rather than scrappirg all of these sailirg
ships, the enterprising shipping operators of the day decided to
take advartage of their sourd hulls ard the nrew steam techrology
by converting the ships into barges ard towing as mary as four to
six of them behird steam tugs. These tug-barge systems were very
successful ir low value bulk cargo trades, especially ir the car-
riage of coal betwecen Virgiria ard New Erglard. Similarly, large
ocean sailirg vessels were occasiorally converted into barges and
successfully towed across the Atlartic. However, sirce such
tug-barge systems deperded on obsolete hulls, these trades begar
to fade out as the hulls deteriorated. So, by 1950 tug-barges
became practically extirct or the East Co@st, most coastal trades
beirg served by WWII surplus Victory ships ard T-2 tarkers. (3)

However, or the West Coast tug-barge operations begar to
really take off at this time. This was because the WWII surplus
BCLs, barge converted LSTs, 1200 HP Miki class tugs, ard 1500 HP
Navy ATA tugs were readily available at very low cost to carry
the expardirg West Coast and Alaskan bulk trades 1ir cemenrt,
lumber, ard other building materials. These tug-barge systems
using corverted military equipmert contirued in operationr through
the fifties. (&)

By 1960 the tug-barge operators or the West Coast and the
coastal ship operators on the Fast Coast had to consider how to
replace their aging WWII surplus equipmernt. There were several
incenrtives for these operators to inrvest in new tug-barge systems

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

(4) For a more extensive history of West Coast tug-barge
operations, see Gloster (1965).
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rather thar ships, particularly in rorn-lirer trades where speed
was relatively unimportart. The primary ircerntive was 1ir thea
much lower crewing experses resultirg from tug operation. This
was because ship marring scales, due to aggressive union
pressures ard Coast Guard regulatiors, were more thar four times
(5) that of tugs and the average ship crewman's wage was sigrifi-
cantly more thar that of the average tugboat sailor. (6) As this
was a time where fuel costs were low, crewing costs were the ma-
Jjor operatirg experse so such savings were sigrificant.

Arother importanrt ircentive 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 goverrmertal inspec-
tior procedures. (7) Also, barges which were desigred for slow
speeds could be built with simple irexpersive hull lires. Thus,
irn the early sixties several shippirg operators built 1large
barges for bulk trades, especially for oil, cement, ard lumber.
Practically all of these tug-barge systems were operated 1ir the
hawser pull-tow mode. But, as described in the next sectionr
push-towing was begirring to be seriously corsidered as ar alter-
rative operating method.

1.2.2 Developmert of Push-Towed 0OGTBs

The idea of a towboat or tugboat pushing a barge or
integrated group of barges 1s rot a new one. For several

(5) Ocean-going tugs urder 200 GRT can urder U.S. 1aw be marred
with approximately sever men orn voyages of less than 600 miles.
Lorger voyages require crews of approximately eleven men. Ir
comparisor, in 1977 U.S. flag tarkers had ar average crew size of
33 men, with new tarkers crewed with approximately 26 men. For
detailed regulatiorns pertaining to tugboat marnirg, see Anrex A
to Chapter 2.

(6) It has ofter been argued that the ship unions were able to
achieve such high manrinrg and wage scales because the lirer ship-
pirg operators with vessels in foreigr trades could pass their
crewing experses back to the goverrment who was subsidizirg their
operational costs via the MARAD Operating Differential Subsidy
(ODS) program. Urnfortunately, the ship operators operating in
domestic trades had to pay for similar wunior manring ard wage
scales, but without the benefit of subsidy due to the cabotage
provisiors of the "Jones Act". Tugboat crewmer, who are nrot
required to be 1licersed by the Coast Guard ard who are often
traired on fishing or irland waterway vessels, have traditiorally
not been members of these ship uniors so the inflated marnirg and
wage scales did rot pertain to then.

(7) For a list of the rules pertaining to the irspection of
tugboats, see Annex A to Chapter 2.
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decades, the river towboat operators have beer taking ‘vartdge
of the better control and lower drag resistarce prov.ded by
push-towirg over pull-towing a barge or a hawser. .

The reason why push-towing allows the tug captair to have
better control over the barge is obvious. Pullirg a large barge
at the erd of a lorg wire provides little control over its direc-
tior except ir the calmest seas or urless an active rudder or
high resistarce skegs (8) are irstalled onr the barge hull.
Additiorally, maneuvering the barge in conrngested areas requires
shortering the wire to allow better control. However, this can
lead to a dangerous situation if the tug loses power or is
urderpowered so that the tug is rur over or dragged off course by
the barge. Due to these factors, hawser towing of barges greater
thar 20,000 DWT is usually considered impractical.

The reason why push-towirg results ir sigrificantly 1less
drag thar pull-towirg 1is because, when a barge is towed, both
hulls develop their own wave making resistarce. In push-towirg
only ore hull form gererates waves. Additionally, irn pull-towing
the hawser which forms a caterary in the water develops its own
frictonal resistarce, and skegs that are wused to prevent the
barge from yawing too severely also can increase the barge fric-
tioral resistance by more thar 30%. (9) This additioral drag
usually 1limits ocean-going barges towed or a hawser to speeds of
6 to 8 knots although average speeds of up to twelve Kknots have
beer 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 thar

15000 HP arnd higher speeds could be achieved if desired.

Given these reasors why push-towirg is superior to
pull-towirg, it would be expected that push-towinrg or the oceans
would have developed lorng ago. However, the simple pin anrd
Wwire/chain 1lashings wused on the rivers to lirk the tugs anrd

‘barges together were not capable of withstardirg the forces

gererated by ocean winds and seas. Nevertheless, the advartages
of push-towirg were so compellirg that in the fifties tug anrd
barge operators began experimentinrg with push-tow operatior.

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

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

(9) As an example of the resistance penalty paid for pullirg, one
operator of a loosely-~lirked push-towed OGTB claims that the same
system achieves anr average speed of 10.8 krots when pushed and
only 8.5 krots when pulled by a 7600 HP tug.
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wedge-rotch type 1lirkuge which was the prototype for the
Breit/Ingram lirkage desigrn described ir the rext sectior. This
rather small system (less than 5000 DWT) rar into serious «liffi-
culty with USCG mannirg authorities which evertually demarded
that the tug be manned the same as a ship sirce it was not capa-
ble of safe irndcperdent operation., This forced the system into
foreign-flag service where the tug-barge urit, ard later an addi-
tioral tug anrnd two barges, operated successfully with stardard
tug <crews 1ir a drop-ard-swap mode for mary years. Although rot
successful ir U.S. trade, the Car-Port system did prove the fea-
sibility of push-tow operationr.

Seeing the advartages ard the feasibility of push-tow
operation, the tug and barge operators began to seek some means
of pushirg their barges without beirg levied with ircreased
marninrg scales simila» to those imposed or the Car-Port. So, ir
the sixties, they began corstructirg their rew large barges (some
over 10,000 DWT) with sterrn notches for their tugs to push irn.
The nrotches 1in these first gerneration ocean-going barges were
rather shallow so that push-tow operatiorn could orly be cornducted
ir the calm waters of river estuaries, bays, harbours, ard calm
seas. However, since stardard tugs were used for pushing these
barges, no manrirg peralty was irncurred. Later, the tug ard
barge operators wanted to ircrease the percentage of time that
they could push the barges. This would allow them to take advanr-
tage of the ircreased speed as well as the better manrneuverability
available with push-towing. Thus, they begar deepering the
notches and usirg sophisticated cable/chairn linking arnd chafinrg
gear so that push-tow operation of these secord generatior O0GTBs
could be extended to all but severe seas.

The ultimate goal of the tug and barge operators, however,
was 100% or all weather push operatior with stardard tugs with
normal tug mannirg. This was first attempted in 1963 by L.R.
Gloster & Associates, Irc., with +the Sea-Lirk articulated
‘tug-barge lirkage. The lirnkage, described ir detail in the rext
sectior, was prototype tested with orly partial success in 1964
ard 1965. However, it was shown that push towirg with stardard
tugs was a viable corncept so that experimentation contirued ir
the developmenrnt of improved linkages.

In the early seventies the technology was developed for the
high horesepower diesel engines that could drive 1large barges
(greater than 20,000 DWT) at moderate speeds ard for lirkages
that would allow the tug arnd barge to remair lirked together in
all types of weather ard seas. Three third gereration lirnkages
were developed in the U.S., two rigid, the Breit/Ingram anrd the
CATUG designrs, and one semi-rigid, the ARTUBAR designr. These
lirkages, described thoroughly in the next section, have been
built for OGTBs of wup to 55000 DWT ard have beer desigred for
barges of up to 80-100,000 DWT. The Coast Guard determired that
these tug-barge units were "mechanrically linked" ships so that
ship marrning scales would pertain to them. However, sirce the
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tugs were very highly automoted, ard hod urattended ergirercoms,
they were certificated for the smallest manring possible--zbout
thirteer mer without ircludiryg stewards and cooks. (10) This
meart that these tug-barge units could be marred with approxi-
mately fourteern to sixteer mer, substartially less thar ships of
the same capacity.

These low marnring scales were very attractive to operators
who reeded to build rew ships. They saw these mecharically
linked third gereratiorn OGTBs as a way of reducirg ship crewirg
costs substartially. Additiorally, <they found that they could
obtain a tug-barge system at lower capital cost than the -equiva-
lent sized ship, ever if the tug was built urnder Coast Guard
inspectionr., (1) For these reasors several of these mecharically
lirked urits were built to operate as psuedo-ships in coastal ard
foreigr trades.

Or the other hand, tug and barge companies operatirg with
stardard tugs and notched barges did rot like these mecharically
lirked tug-barge systems. The lirkages were expersive (12) ard
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 nrot accept these mecharically
lirked systems was because it would allow Coast Guard inspection
of their tugs. This would substartially 1increase the cost of
constructing the tugs and also increase the size and the
licensing stardards of their crews. This would in turn increase
their operating ard capital costs sigrificantly, probably making
their push-towed  wunits uncompetitive in comparison with
pull-towed wunits with tugs manned with stardard tug crews and
built without irspection.

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

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

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

(12) Third gereration OGTB mechanical 1lirkages require special
reinforcement of the barge nrotch and tug bow to absorb the
stresses resulting from the lirkage. This reinforcement as well
as sophisticated couplinrg and decoupling gear can add approxi-
mately a million dollas to the cost of tug and barge.
Additionally, the rigid lirkage systems require heavier
scantlirgs overall, increasing the hull steel weight and cost
even further.
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trol ard fuel savirngs availlable, particulary ir the lorger dis-
tarce coastal trades, with push-towirg could rot be deried. But
since mecharical 1lirkages would result ir increased marning ord
capital costs, they irstead begar to develop improved cable/chairnr
lirkages (with some additioral hardware) that allowed push-towirg
in practically all types of sea corditions but would nrot force
their tugs to come under Coast Guard irspectior. Recently sever-
al of these "loosely-lirked" third generatiorn OGTBs with barges
of up to 55,000 DWT have beer built for coastal 1liquid bulk
trades replacing the overaged WWII jumboized T-2 tankers.
Additiorally, other lirkage desigrs are being developed. Some of
these current and proposed designrs will be described irn the nrext
section.

So, today we have two different forces stimulating OGTB
developmenrt, Ore is exerted by ship operators who are irnvestinrg
ir  the '"mecharically-linked" OGTB desigrs. They see these
pseudo-~st .p OGTBs as a means of reducirg the crewing ard con-
struction costs of their domestic and foreigr fleets. The other
force 1is exerted by tug and barge operators who are investing in
the "loosely-linked" OGTB desigrs. They see these OGTBs as a
means of taking advarntage of push-tow operatior without ary
manning penalties for their domestic coastal trades. Therefore,
one would -expect that except for trades requirirg high speeds
ard/or large vessel capacity that OGTBs would be displacing ships
completely. However, small ships of moderate speed are beinrg
built irn U.S. yards as well as OGTBs. An attempt to explair this
Situatior will be presented ir the followinrg chapter.
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1.3 Descriptior of Various OGTB Systems

In this section many of the OGTB systems currertly ir U.S.
flag operatiorn or under active developmert will be discussed.
Each system will be first described ard then evaluated with re-
spect to its commercial and military potertial. The systems will
be preserted 1ir the chronological order of their developmenrt.
That is,

A. Pull-Towed OGTBs: Tug-barge systems desigred for towlire op-
eration onrly

B. 1st Generation Push-Towed OGTBs: Tug-barge systems primarily
desigred for offshore work on a towlire, but the barge will
usually have a sterr nrotch with the inrtention of the tug
pushirg ir rivers, sounds anrd durirg good weather, 1in the
oper sea.

C. 2nd Gereration Push-Towed OGTBs: Tug-barge systems primarily
desigred for offshore work with deeper rotch ard hardware to
permit the tug to push over half the time while offshore.

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

‘These 3rd generation systems car be further sub-categorized
with respect to their type of linkage. Specifically, they
car be divided into rigid mechanrically-linked (or
integrated), semi-rigid mecharically-linked (or articulated),
flexibly-lirked, and loosely-lirked systems.

Information additioral to that given below can be obtaired from
the system operators, owners, or desigrers listed ir Table 1.4.

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

Descriptior and Commercial Potertial

Most of the smaller and older barges were desigred for haw-
ser towing in which the barge follows the tug on a wire that is
controlled by a winch or the after end of the tug. Some of the
newer barges have beer 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 mareuvered 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 developmert of the more so-

(13) This categorizatior of 1st, 2nd, ard 3rd gereratiorn
push-towed OGTBs was first presented in Wright (1973).
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Tuble 1.4

[P

OGTB Owners, Operators and Designers

Pull-Towed and lst 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.
2 (An Ingram Company)
4100 One Shell Square
New Orleans, LA 70139
(504) 588-2400

U
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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

81l 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.0O. Box 011751

Miami, FL 33101

(305) 858-3400

Breit & Garcia

441 Gravier Street
New Orleans, LA 70130
(504) 581-5636
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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 . q
'
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phisticated push-towed OGTB desigrs, there -are sUill reasors for
their corstructior today. As explaired in the rext chapter, they
are especially suited for short distance trades such as thd - move-
ment of 0il from East Coast refirneries to nrearby metropolitar
ports or the movemert of containrers from major to minor ports.
Barges used in this type of trade are shown in Figure 1.3.

Pull-towed systems also are the most flexible. They allow
ary tug of sufficient power to pull ary barge or pair of barges
in tandem. This erables separate ownership of +tug ard barge
fleets which may provide ecoromies due to specializatiorn. This
flexibility 1is also importanrt to 1large multi-purpose fleet
operators who must operate construction equipmernt barges, RO/RO
barges, cortairer barges, trainr barges, tark barges, pipe barges,
and Arctic resupply barges, all with the same tugs. Pull-tow op-
eratior is a necessity ir some of these operationrs since the lire
of sight from the tug's pilothouse would be blocked by the cargo
during push-tow operatiornr.

Military Potential

Pull-towed barges have been employed by the military for
quite some time. They are still used arnnually ir the Arctic and
Caribbear resupply operatiors and had been used frequently in
Viet Nam for the movemert of cornstructiorn equipment, housinrg
modules, ard materiél. Therefore, little additional discussion
of these O0GTBs will be provided here. It is safe to say that
they are still useful for the trans-ocearn movement of outsized
cargoes, especially those which would block the pilothouse visi-
bility of a push tug, even ore with a raised pilothouse. Most of
these OGTBs have flat bottoms and so are capable of beaching
and/or ballastirg down for the discharge of their cargo.

Marny of these OGTBs, especially with tank and RO/RO barges,
can be used for short distance shuttlirg operations and/or for

‘the shoreside storage of POL, contairers, ard materiél. Some of

the types of pull-towed OGTBs of military usefulress that could
be readily obtaired 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
beern built with spoorn or other non-shipshape bows, they could rot
be transported rapidly overseas. ('4) Evern if they were
converted to push-tow operatior their hull forms would prevent
them from making rapid headway. Thus, these types of barges are
much more suited for coastal operations ard/or storage after be-
ing towed to the operating area.

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

(14) Speeds of advarce of less than five krots are not uncommon
with hawser towed ba~ges on trans-ocean crossings.
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Source:

Figure 1.4
Crowley TMT Tri-Deck RO/RO Barge

Trailer Marine
Transport Corp.
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they car be rapidly produced at the mary dozer tug and boat yards
arounc the country. (15) Additiorally, stardard deck anrd tark
barger car be readily obtaired from the commercial flest (See
Apperdices A & B) or car be rapidly produced by specialized
barge yards. Delivery of a barge car be obtaired much soorer
thar a ship of equivalert size sirce it has little machirery anrd
is of rather simple hull shape. For example, ever the sophisti-
cated triple-deck RO/RO barges of Crowley Maritime could be
completed ir six morths from keel-layinrg and orly rire monrths
from contractirg. Follow or barges could be delivered 1in 1less
thar three months intervals if necessary. There is ro doubt that
the large U.S. fleet of starndard tugs and barges ard the boat ard
barge yard capacity car provide sigrificanrt numbers of pull-towed
OGTBs for mobilizatior operations. (16)

1.3.2 2rd Gereratiorn Push-Towed OGTBs

Deep-Notched Desigrs

Before the recenrt developmert of the 3rd gererationr
loosely-linked OGTB desigrs, marny coastal tanrkship operators, es-
pecially or the Fast ard Gulf Coasts, pushed their barges with
2rnd gereration linkages. Amost all of these desigrs corsisted of
the tug pushing the barge ir a deep sterr rotch while tersiored
by cables to prevent separatior from the barge. Such systems
allowed push-towing more thar 50% of the time. However, sirnce
the developmert of the loosely-lirked desigrs, very few coastal
operators are constructing 2nd gereration desigrs except for
those with 1lirkages that allow pushing at least 90% of the time
and so are approaching 3rd gereration status.

A representative of these rew 2rnd generation systems 1is
shown in the Irterstate and QCcear Transport patent drawirgs
preserted in Figure 1.5. This system uses a pir with a hemisphe-

- rical convex frontal surface that fits into a corresponding conr-

cave hemispherical surface in the barge rotch to restrain heave.
Additiorally, the lirkage uses chain cables that provide the ten-
sior that preverts tug ard barge separatiorn. Relative roll be-
tweer tug ard barge is preverted by fenders installed at the af-
ter end of the tug. This lirkage allows the tug to remain in the
notch in up to rnireteen foot seas although voluntary separation
rormally occurs when 12-15 foot seas are expected. Irnterstate
has three barges (Ocear 262, Ocear 1990, ard Ocean States) and
three 5600 HP tugs (Erterprise, Horour, anrd Valour) fitted with

(15) Most large tugs are twir-screw and powered by high speed
diesel ergires. Recertly, some of the larger tugs have beer
built with medium o slow speed diesel machirnery.

(16) See MTRB (1979) for a more detailed discussion of the avail-
ability ard distribution of pull-towed OGTBs,

1-35

D=1 bl Lt e FAPRRUR PR P WORIROPtT 5 -




Y 5 PR .+ 5 o

Figure 1.5

Patent Drawings for T.0.7T. 2nd Generation
Linkage
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this lirkage. Ore of these 0GTBs operatirg with this lirkage is
shcwn irn Figure 1.6. Additiorally, two rew single-skir 20,0090
DWT tark barges currently under corstructior for this compary
Wwill be equipped with it. The lirkage should be less expersive
to install thar most of the 3rd gereratior desigrs ard provide
almost the same capability.

Another deep-rotched 2nd gereratior lirkage system has beer
recently developed by Bulkfleet Marire Corporatior, a subsidiary
of McAllister. At least two ard possibly five 25,000 DWT tark
barges are expected to be built with this linkage. As showr in
the prelimirary 1lire drawirgs of Figure 1.7, the tug is
maintaired in the close fittirg rotch by two sets of tersiored
cables, one pair leadirg from the tug's forecastle ard the other
pair from its sterr deck. Lirkage forces are distributed over a
wide area of the rotch through arn extersive system of ferders so
that the system may operate in 12-13 foot seas without
difficu ty. 1In greater sea states the tug must separate from the
barge. The first two tark barges will be powered by 7000 HP MAN
medium_ speed diesel ergires and are expected to average 12 krots |
in their Gulf Coast service.

Other barges with 2nd generation lirkages are noted ir Ap-

pendix B. As explaired irn the next chapter, it is rnot expected
that mary new systems will be constructed with this type of
linkage. Some pull-towed systems, however, may be retrofitted

with a 2rnd gererationrn linkage since it provides these OGTBs with
the advanrtages of push-towing for the majority of operating time
at little cost. This has beer the case with the Crowley Maritime
tank barges U450-1 through U450-5 on which deep notches were
installed in the last year to allow them to be almost corntiruous-
ly push-towed or their West Coast and Pacific river trades.

The military potential of 2nd generatior OGTBs 1is practi-
cally the same as the 3Ird generation loosely-linked systems
discussed ir the next subsection except they must be hawser towed
while transitting the ocean. Unforturately, such hawser towage
may mear that these systems can rot participate in the irnitial
stages of a contingency action. However, ornce they arrive at the
operating area, they can provide substantial transport capacity
by being wused ir the pushing mode in coastal and shuttling
operations.

Notchless Desigr

The SEEBECKWERFT 2nd generation lirkage of A-G Weser, a
subsidiary of Krupp International, Irc., is included here even
though it is not of American origir because it has some features
that make it of commercial and military irnterest. The lirnkage as
shown in Figure 1.8 is different from the other 2nd generationr
linkages ir that it does not require a barge notch. Instead, the
tug has a double roller fenderirg head at the bow that canrn either
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Source:

Figure 1.6

I.0.T. 2nd Generation PUSH-Towed OGTR
1-38

Interstate and Ocean Transport
1978 Company Brochure

© e e




— w The 45

2° ese
Cepntam . peAO NN
) .o WY . .

PO Y 200 A Rt TIY NN

LAVt INITAYg

. St TrEINTD

PR e L T 1Y

a

I ooy
EREE

[Fon seies “verinen v
101110 308 e Lwmipoang ¥y

NOILLVYOSNOD ININVR LITUOINS

sa¥ea
Lt
Hiovesd

“'e weran
VO mer

&AL

Y oo ALY~ OVurD
O-Tn o T sdvea
o % T Mewd
o-™: o Flawmwa
© - 9% T T Thue~an
o - .y VO  Aianan

20U VE

.*‘“f D

[FENTRIA) "[S’_f

TR LD
LOS 80w

iV NV la

3o ) EVEs e Tl YaoNad

S - o o ot

- e

TE=ONs Guvoalno

UIR}SAS gI90 UOT3IRIBUSH puz BUTIBW I93TINING

L°T @2anbtg

o I e B




[

-
\
\
PFigure 1.8
Seecbeck 2nd Generation OGTB System
Source: A.G. Weser Seebeckwerft Brochure
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rotate or roll up ard dowr in o semi-cylindrical slide that 1is
attached to the barge stern, This lirkuge allows the tug to
roll, pitch or heave freely, yel retair its owrn buoyarcy so there
is nro terndercy for the tug to become submerged at the stern or
lifted out of the water. The tug 1is kept 1in the slot by
tensiored cables that lead from a twirn-hecad towing winch or the
after part of the tug to the currers of the barge sterrn. The
lack of a notch also allows the tug to be used as ar active rud-
der sinrce it car push at an anrgle with respect to the barge
centerlire.

The reasor that this desigr is ircluded here 1is that it
provides the ultimate 1ir tug anrd barge irterchanrgeability with
push-tow operatior. Arny tug having the ferder irstalled canr push
ary notchless barge that has the slot installed. The cost of
such an installatior for ar 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 beer used ir U.S. trade, it
has beenr successfully operated by several foreigr operators. It
is very useful for coastwise service where seas no greater that
state seven will be ercountered. The orly apparert disadvartage
that this desigr will have compared to a deep rotched 2nd gerera-
tiorn OGTB is that it will likely develop greater lirkage drag and
so will require more horsepower to be propelled at the same
speed. The local distributor believes that this is probably rot
the reason for its lack of acceptarce in this courtry. It 1is
more likely due to its precise fabricatiorn requirements and its
foreigr origir. Nevertheless, it seems ecoromically bereficial
for retrofitting onr pull-towed barges that operate orn coastal
trades.

As for SEEBECKWERFT's military potertial, it seems to be
the most flexible lirkage available for coastwise ard shuttlinrg
push-tow operations with moderate size barges (<20,000 DWT). It
allows any tug to handle any barge and it car be quickly
retrofitted (in less than two weeks if proper preparations are
made) on most pull-towed barges anrd stardard tugs without
difficulty. The ferdering head also allows the tug to be used
irdeperndently for hardling ships for dockirg. Givenrn all of these
potential advantages, the SEEBECKWERFT lirkage should certainly
be investigated thoroughly for its military potential. Ir
particular, it should be determired ir what sea states the lirk-
age may operate without failure ard how much additioral 1linkage
drag is developed compared to deep notched desigrs.

1.3.3 3rd Gereration Mecharically-Lirked OGTBs

There are currently three mechanically-lirked OGTB system
desigrs being wused in U.S. trades at this time. Two, the
Breit/Ingram and CATUG, have rigid 1linkages. The third, the
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ARTUBAR, has a semi-rigid 1lirkage. Additiorally, arcther
semi-rigid desigr, SEA-LINK, is beirg used by a foreigr operator
ir coastal service. A summary of the particulars of the U.S.
flag mecharically-lirked OGTBs is preserted ir Table 1.5. More
detailed intformatior about their desigr ard their commercial ard
military potertial is presented in the followirg subsections.

Breit/Irgram--Rigid Lirkage Design

Descriptiorn: The Breit/Irgram designr was the first to be used ir
U.S. flag trades after Car-Port ard SEA-LINK had left the scenre.
The 1lirkage 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 desigr has the additioral capa-
bility of rapid emergency tug-barge separation anrd safe indepen-
dernt tug operatior. The details of the linkage system are shown
and expl: red 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 irnforma-
tion is of interest:

The Martha R. Irgram/I0S 3301 tark OGTB has six product segre-
gatiorn with fourteen epoxy coated tanks. The barge car be
discharged in less that 24 hours by the use of six deep-well
pumps that car pump a total of 20,000 Bbl/Hour. The barge has
a 800 HP bowthruster and the tug has twir controllable-pitch
propellers.

The Carole G. Irgram/I0S 3302 tark OGTB has four product segre-
gatiorn with twelve epoxy coated tanks. The barge can be
discharged 1ir 1less 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 UO-ton gantries with clamshell
buckets orboard which are capable of unloading two separate
grades of cargo (phosphate fertilizer) simultaneously. The
25,000 torns of cargo can be unloaded into barges on either or
both sides of the vessel irn a total of 17 hours.

The Valerie F has four certer holds desigred to self-unload
phosphate rock wWith four cranes and eight wing holds desigred
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 desigr is
provided ir Hukill (1972) and (1974), Pickersgill (1973), MARINE
ENGINEERING/LOG (1976a), ard SHIPPING WORLD AND SHIPBUILDER
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(1974b). Additionral information can be obtained frem the
licensor listed ir Table 1.4,

Commercial Potertial: This desigr was ar early commercial
success., Sirce the constructior of the Martha R. Irgram/I03 3307
in 1971 four othe~ systems have beer put in U.S. trade, the
latest beirg delivered irn 1977. Additiorally, three systems
have beer put into foreignr flag service. Ore of these, for Japa-
rese operation, corsists of two tugs and six barges which are
used ir two drop-and-swap mode trades. This proves the ability
of the desigr to operate in the drop-and-swap as well as integral
mode. Also, ore foreigr flag system has the tug desigred for
high speed irdepenrdenrt operatior for salvage work. This proves
that the tug, although nrot corventioral in bow shape, has the
flexibility to be used in non push-tow operatiors.

Currently no Breit/Ingram desigr OGTB is under contract or
construction. Irterratiorally, this may be due to the gereral
downturr in ship construction; and domestically, it may be due to
the tougher competitiorn from other desigrs. The Breit/Ingram de-
sign does have some disadvantages in addition to those gererally
applicable to mechanically-lirked OGTBs as discussed ir Chapter
2. The primary disadvartage is that in order for the lirkage to
remain rigid while withstarding ocean forces, the hull scartlirgs
have beenr desigred heavier thar for a comparable ship.
Specifically, the tark barges have bottom scantlirgs 6.5% ard
deck scanrtlirgs 3.3% greater than those for a ship of equivalent
size. These scantlings are also 12% greater than for a simple
rotched barge. These heavier scantlirgs, the five millior pound
force hydraulic ram, ard the complex tug bow ard barge rotch
lires make the lirkage system quite expersive. These factors may
have led to the recent interest in the CATUG desigr for trarsoce-
anic trades and the nrew 1loosely-lirked designrs for coastal
-trades.

Military Potertial: The Breit/Ingram desigrn has the poterntial of
beirg used in any application that is handled by a moderate speed
(<20 KTs) ship. It is prover trans-ocean capable anrd may be
built to any militarily useful size. One desigr has even been
developed for a 100,000 DWT barge at a 43 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 ard irdeperndenrt tug operation. Unfortunately, rore
of the U.S. flag tugs ard barges are currently interchangeable so
drop-and-swap operation with current assets is not feasible.

As there is no relative movement betweer tug ard barge
while underway, there is no reason why the barge cannot be manred
if necessary. This would allow urderway replernishment operatiors
if required. Additionally, fuel and power conrections between
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the tug and barge car be easlily desigred to ircrease cruisinrg
rarge or to support habitability cortairers or weapons systems.

With respect to a mobilizatior, a rewly corstructed system
of this type could probably be delivered months earlier thar a
ship of same size due to corcurrert barge ard tug cornstrucitor at
specialjized yards. However, since this desigr requires a care-
fully ergireered and complex lirkage as well as a ballast system,
it should take 1lorger to conrnstruct tharn ore of the simpler
loosely-lirked 3rd gereratior designrs; and, it would not be via-
ble for quick retrofittinrg onrto a standard tug and barge.

CATUG--Rigid Lirkage Designr

Descriptiorn: The CATUG desigr followed the Breit/Ingram lirkage
by four years, the first CATUG OGTB beinrg delivered ir 1975. The
lirkage 1is practically the inverse of the Breit/Ingram design.
That is, rather thar havirg the tug bow wedged 1into a barge
notch, the CATUG has a protruding barge extersiorn wedged between
a catamarar tug's twir hulls ard under the conrrectinrg platform.
The details of the linkage are shown in Figure 1.10.

In the lirkage, the CATUG uses a gatherirg type wedge fit,
ir that the externsior from the barge is tapered. Two tensiored
hydraulicly operated latches are provided or the tug foredeck
which enrgage adjustable sockets orn the barge afterdeck. These
latches hold the tug on the barge externsion and preload topside
anrd Dbottomside bearirg points in compression. There are four of
these bearirg poirts betweer the tug ard barge units. Two are
betweer the top of the barge ard the underside of the catamaran
cross structure platform, each off to the side. The other two
are " beneath, betweern the barge extension and a2 ledge-like exten-
sion on the irside of the CATUG hulls. These bearing points are
surfaced with greerheart, 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 operatiorn or under constructiorn, the
followirg irnformatiorn is of interest:

The Seabulk Challerger tark OGTB has five product segregationr
with eighteer epoxy coated tarks. The barge car be discharged
rapidly by five UR00 gpm diesel-driver deep-well pumps plus a
2500 gpm special products pump. The barge is equipped with a
920 HP bowthruster anrd each of the catamaran hulls of the tug
has a 17 foot propeller.

The Seabulk Magrachem is a special products tark 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-tottom and is divided irnto 22 tanks,
all strergthered to carry cargoes of 1.62 specific gravity.
These tarks are serviced by sixteer separate loadirg anrd
discharging lires and by 20 pumps, 15 of which have 850 gpm
pumpirg rates. All but the small forward cenrnter tarks are
coated with Amercoat 75 and contain stairless steel  heating
coils. All deck lires servicing all but the forward tarnks are
steam traced ard irsulated. The tug is practically idertical
to the ore or the Seabulk Challerger anrd the barge has a 1000
HP bowthruster.

The three CATUGs for Occidental 0il are beirg built with MARAD
Constructionr Differential Subsidy (CDS) funds. They will be
operated by a sixteer member crew (without a r~adio officer)
betweer Florida anrd the Black Sea. These double-bottoumed
vessels will carry superphosphoric acid (SPA) in their certer
tarks anrd liquid cargoes in the wirg tarks during backhaul
legs. The five center farks and associated pumps, pipirg,
heatinrg coils and exchangers are of stainless Steel
construction. These tarks are also heavily strenrngthered sirce
SPA has a high specific gravity (2.0). All fifteer tarks are
serviced by individual deep-well pumps that feed irto two dis-
charge headers, ore for the wing tarks anrd the other for the
certer tanrks. The tanks can be discharged ir less than 24
hours at a rate of 2000 LT/Hr. Additiorally, it should be
mentiored that the barge will nrot be equipped with a
bowthruster since the opz2rator felt it unnecessary due to the
maneuverability of the CATUG resulting from its widely spaced
twin screws.

The two CATUGs beirg built for Amerada Hess are double-bottom
tank barges carrying in thirteer cargo tanks 40,433 lorng tons
at the 36'0" designr draft and 47,075 lorg tons at the 46'6"
maximum draft. Each barge has four product segregationr ard
can discharge a cargo of diesel o0il via thirteen U000 GPM
hydraulicly driver deep-well pumps (ore irn each tark) in six-
teer hours. The tanks are epoxy coated and have heatirg coils
to allow carriage of heavy fuels. As with the Occidental
CATUGs, no bowthrusters are installed or these barges.

Considerable other irnformatior about the CATUG design 1is
provided in PORT OF GALVESTON (7973), JACKSONVILLE SEAFARER
(1975), MARINE ENGINEERING/LOG (1976c¢c), SHIPPING WORLD AND
SHIPBUILDER (197u4f), Stevers (1976), and Seabulk Corporation
(19712). Additioral informatiorn can be obtained from the
licensor listed irn Table 1.4.

Commercial Potertial: This desigr is currenrtly the most commer-
cially active of the mecharically-lirked OGTBs, especially after
the recent orders for five systems from Occidental 0il and
Amerada-Hess. Four to six other systems are currently under ne-
gotiatior with Amerada-Hess. The reasor for such recert success
may be due to a combirnation of aggressive marketirg ard some inr-
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herert advurtages ir  the CATUG design. The two prircipal
advartages resultinyg from twir vice morohull constructior are (1)
it provides better propulsive efficierncy ard mareuverabili'ty due
to the wide spacing of the propellers, and (2) it results in
smaller trarsverse anrd vertical tug-barge interface loads and
barge rake torsioral loads beczuse the barge ard tug rolling
periods are more closely matched. This second advanrtage a:lows
the tug-barge intertace to be built with less reinforcemernt than
that reeded in the rigid-lirked morohull desigrs. The morey
saved for this reasonr ard because of the simplicity of the barge
extersior compared to a rotch will at least equal the additionral
cost that results from the complex catamaran hull corstructionr
for the tug. Thus, the CATUG capital constructionrn costs are
found rot much different than those of morohull desigrs.

The CATUG desigr does have 1less flexibility tharn the
Breit/Irgram desigr. Its tug, although seaworthy, carrot be used
for towing or ary other irdeperdert mission satisfactorily. The
barge could be towed irdependenrtly if recessary, but it was not
really desigred for such operation. Besides the above commenrts,
all the irformation concernirg the commercial viability of
mechanrically-lirked OGTBs discussed in Chapter 2 apply.

Military Potential: The CATUG desigr has the poterntial of beirg

used 1ir ary applicatior that is row hardled by a moderate speed
ship. It is prover trars-ocear capable ard may be built to ary
military wuseful size. Ore desigr has beern developed for a
85-102,000 DWT barge.

As with ary O0OGTB, this system has the flexibility of
drop-ard-swap operation. Although there are currently ar equal
number of tugs ard barges so that commercial drop-and-swap oper-
atior is rot planred, the Seabulk Magrachem anrd Challerger or the
Occidertal and Amerada Hess CATUGs can exchange tugs and barges.
This interchargeability might be useful for some military
Operatiorns as discussed ir Chapter 3.

As there is no relative movemenrt betweern tug and barge
while underway, there is no reasor why the barge canrot be manned
if necessary. This would allow underway replenishment operations
if required. Additiorally, fuel and power conrections between
the barge and tug can be easily added to increase cruising rarge
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, sirce the CATUG is of complex form,
this system might take longer to construct thar a monohull desigrn
in most tug yards. Certainrly, the CATUG system is not amerable
for retrofit on standard tugs and barges due to its peculiar twin
hull desigr.
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ARTUBAR--Semi-Rigid Lirkage Designr

Descriptior: The ARTUBAR (ARticulated TUg BARge) lirkage design
was developed in the late sixties. However, it will rot be urtil
late 1979 that the tirst ARUTBAR system will be in U.S. flag op~-
eratior ever though a Japarese system has beer operating since
1975. Reasons for this delay will be presented later.

The lirkage is conrceptually simple. It corsists of two
large transverse pinrs. that are hydraulicly extended from both
sides of the tug's bow into corresponrnding sockets in the barge's
notch. The pins allow the tug to pitch irn the rotch so that the
lirkage forces are substantially smaller than those produced by a
rigid lirkage designr. Also, there are ferders installed at the
bow ard side of the tug that prevent damage to the rotch durirg
pir aligrmert. The pirs may be retracted ir seconds ard the tug
ard barge <car be separated irn any sea state. Additiorally, the
system c’n be desigred so that the tug car lirk with the barge in
up to 15 oot seas in just a fé&w minutes. This is beyond the ca-
pability of the r~igidly-lirked desigrs. It should be roted that
several sets of sockets <car be installed to match the rnormal
operating drafts in ballast ard loaded corditiors. This will re-
duce the reed for expersive ballasting equipment for the tug.
Besides the pir 1lirkage, the ARTUBAR desigr may also include
wing-wall skegs that make up the barge nrotch. Such wirg-wall
skegs reduce the barge's pull-tow frictioral resistance by at
least 50% compared to barges with standard skegs. Details of the
ARTUBAR lirkage ircluding wirg-wall skegs are shown 1in Figure
1.11.

The ARTUBAR lirkage was origirally desigred to be installed
onboard the Gulfcoast Transit Companry's Betty Wood/Marie Flood ir
1972. However, whern the operator learred that the U.S. Coast
Guard refused to recorsider its decision to require the tug to be
inspected and have licersed crews, he decided to build the tug
and barge with ar ARTUBAR system without pins. It operates as a
2nd gereratior push-towed system with tug anrd barge linked to-
gether by cables. However, in seas greater than twelve feet, the
tug must leave the notch arnd take the barge on a hawser.

Currently there are two RO/RO OGTB systems beirg built with
MARAD CDS furds for Transway Interratioral's subsidiary
Coordinated Caribbean Tranmsport (CCT). The twir screw tugs have
a very high pilot house sightline, 53 feet above the water, to
allow good visibility over the light displacemert RO-RO barge.
The tug-barge profile is shown in Figure 1.12. The barge has the
capability of carryirg 165 U0-foot trailers and 58 automobiles on
its spar, upper, and mair decks ard tark top. It is loaded via a
bow ramp and three side ports to the mairn deck ard thern through
interral fixed ramps to the other decks. The barge is also
equipped with a 1200 HP bowthruster.
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More irformatior about the ARTUBAR desigr car be found ir
Fletcher  (1964),  (1969),  (1970),  (1974), (1975), MARINF
ENGINFERING/LOG (1976e), and SHIPPING WORLD AND SHIPBUILDER
(1969) or from the patert owner or desigrer listed in Table 1.4.

Commercial Potertial: As the first units of this design will be
put in U.S. flag operatior in 1980, their commercial potential ir
U.S. foreigr trades will orly be learned later orn. However,
there are some points that car be made concerrinrg their commer-
cial wviability compared to the rigid-lirked designs discussed
previously.

First, the ARTUBAR desigr should be sigrificantly less ex-
pensive to construct tharn either of the two rigid desigrs. This
is primarily because the barge scantlirgs and, consequenrtly, its
hull we?73ht can be made quite a bit lighter. This is the result
of the Ab3 rules requiring that the scarntling 1length be deter-
mined from two-thirds of notch lergth forward of the barge stern
to the barge bow rather than from the tug stern to barge bow as
required for rigid desigrs. Additiorally, the ARTUBAR system
should be less expersive to build because it is essentially made
up of a standard ocearn-goinrg tug ard a deep rotched barge with
only a hydraulic pin assembly added. The desigrer estimates that
the cost of such hardware for a 15-20,000 HP tug ard 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 thar the rigid desigrs. The tug could be used for
any normal tug functior includinrg pushing or pulling (if towing

wirch is installed). The barge, with wirg wall skegs, is espe-
cially desigred for good steerability with less thar usual resis-
tance whern pull-towed. Also, since the 1lirnkage connrnection is

made via pins orly, ary ARTUBAR tug could operate with barges of
various size ard function. For example, the CCT tugs could oper-
ate with up to 60,000 DWT barges, if orly slow speeds are
required. And, as the system car lirk in moderate seas, it is
also more suited for drop-and-swap operations. The Japanrese sys-
tem with two barges and onre tug operates in this mode.

The ARTUBAR system does have the disadvantage of being more
expersive to operate than the rigid desigrs since its hull lires
are not as smooth. The additioral 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 lirnkage area.

Military Potential: The ARTUBAR desigr has the potential of be-
irg used ir any application that is now handled by a moderate
speed ship. From the Japarese system it has been proven
trarns-ocean capable. It may be built to any military useful
8ize, as ore designr has been developed for a 70,000 DWT barge.
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As with ary N"ATB, this system has the flexibility of
drop-arnd-swup opzration. It is better <capable thar the
rigid-lirked desigrs to correct irn moderate seas--up to 15 feet.
This wmay be very wuseful irn shuttle type operatiors where the
barges are anchored offshore. It should be noted that the two
CCT systems will have interchargeable tugs ard barges although
they will rot be operated ir drop-ard-swap mode.

Although there is relative movemenrt between tug ard barge
while urderway, the motion rear the pin linkage is practically
ril. Thus, there is no reasor why the barge carnot be marred anrd
why persorrel could rot move betweer tug and barge. This would
allow underway replerishmenrt operations from the barge if
necessary. Additiorally, fuel and power corrections betweer the
tug ard barge car be desigred through the pirs to ircrease
cruising range or to support habitability/weapons systems.

With respect to mobilizatior, a rewly constructed system of
this type could probably be delivered morths earlier tharn a ship
of same capacity due to corncurrert barge and tug constructior at
specialized yards. Additiorally, ARTUBAR should be capable of
being built more rapidly than the ~igid linked designrs since the
tug ard barge can be of standard form. Also, arn ARTUBAR lirkage
is capable of being retrofitted on a starndard tug and barge. The
desigrer estimates that a retrofit could take place ir U5 workinrg
days assumirg that the ARTUBAR pir comporerts 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~lirked systems, the ARTUBAR system
seems to have the wmost potertial use for military applicationr
since it has an irherently more flexible design. Its tug ard
barge comporents not orly can be intercharnged in drop-and-swap
operations but also car be wused effectively as indeperdert
vessels.

SEA-LINK-~Semi-Rigid Lirkage Desigr

Description: The SEA-LINK lirkage design was first proto-type
tested or some stardard tugs and barges in the mid 1960's. At
that time, the lirkage failed due to problems in fabricatior ard
desigr. After extersive aralysis and investigation, an improved
lirkage was developed that also restricted rolling movemenrts be-
tweer the tug ard barge as well as yaw, sway, ard surge which was
restricted 1ir the corigiral desigr. In 1973 this rew linkage was
installed or a 1450 HP tug and three 800 DWT barges operated by
the Sar Miguel Corporationr (SMC) of the Phillipines. This system
allows the tug to push either one barge or two barges in tardem.

The lirkage was desigred to approximate the ease of opera-
tior and rugged simplicity or a railroad coupler. This is of im-
portance in the routire coupling and uncoupling of barge
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flotillas in port as well as for emergercy discornect capability
for safety. :

The lirkage betweer tug ard barge is provided by a pushing
frame hirged to the stern of the barge ard pinned to the tug
amidships. The frame acts essertially as a double pirred hinrge
with the hinge pin axes horizontal ard trarnsverse to the vessels.
The tug and barge car be separated by either marually or
hydraulicly releasirg the frame from the barge o the tug. The
correctiorn betweenr the barges is the equivalert of a sirgle pir
hirge permittirg relative pitch orly. Thus, the barges must ei-
ther Dbe at nearly the same draft for lirkage or the barges must

be provided with a series of fittings at differert heights. The
lirkage as irtalled or the SMC tugs ard barges is shown irn Figure
1.13.

More informatior about the SEA-LINK system car be found in
Gloster (1967), (1972), (1973), (1975), San Miguel Corporatior
(1977?), MARINE ENGINEERING/LOG (19764d), and SHIPPING WORLD AND
SHIPBUILDER (1974d) or by contacting the designers listed ir Ta-
ble 1.4,

—~

Commercial Potertial: The SEA-LINK installatiorn for the Sar
Miguel <Corporation has beern so successful that additioral urits ;
were recenrtly added to the flotillas. The lirkage is capable of j
beirg installed or any cornventioral tug and barge, notchless or
rot. The cost of the installatior deperds on the forces expected
i which is a furction of the sea states, speed of operation, ard
barge size. The SMC lirkage weighs about 30 tons ard would cost
$100-150,000 to construct. It operates without difficulty in 12
? foot seas. Costs for the lirkage or larger barges desigred to
operate ir rougher seas are hard to predict, but the desigrer
feels that systems of 1less thar 8,000 DWT operating in ron
trans-ocear trades would be ecoromically feasible.

UYL s B

The system can also operate with two barges in tanden.
More barges are considered impractical due to the lateral bending
momerts generated at the 1linkages in long flotillas of lirked
barges. However, two tardem barge operatiorn has beer successful
ir  the Phillipirnes and might be appropriate for certain coastal
trades in the United States.

SEA-LINK has not been successful ir U.S. trades probably

because the proper corditions for its use were not fourd--rather

! small barges operated at low speeds in moderate seas. However,

‘ it is certainly ar  irexpensive system that allows 100%
push-towing irn trades for which it is suited.

Military Potertial The SEA-LINK desigr does not have the same
capabilities as the other 3rd gereration mechanical linkages. It
is nrot practical for use irn trans-ocean crossings nor for barges
of greater thar 8,000 DWT. However, the system does seem appro-
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priate for coustwise shuttling operati..s, 1.e., the movement of
POL ard materi&l from a major port to miror fucilities. The tar=-
dem barge capability adds additioral flcuibility by allowirg &t
least two ports to be served or a giver voyage. Due (. the sim-
plicity of the lirkage, a barge could be eusily dropped off uarnd
used as a floating warehouse anrd ther retrieved later whern emptly
for resupply.

The SEA-LINK system is also militarily attractive in that a
lirkage could be installed on any starndard commercial tug and
barge very quickly ard cheaply. Sirce all that is required is
the fittirng of the frame fittings or the tug ard barge, the lirk-
age could probably be installed and even built in the field, 1if
necessary. .

Also the linkage could be corsidered for use irn the move-
mert of barges from amphibious ships. Rather thar havirg all the
barges s lf-propelled, they could be hardled by a fewer rumber of
SEA-LINK equipped +tugs, assuming that 2all the barges are rot
required at once. This would save morey ard make more efficiert
use of the powering urnits. Alterratively, each barge could have
its own SEA-LINK equipped powering urit that could detach fron
the barge if it is damaged or is needed to remair at the beach.
Such flexibility may be worth the additioral cost of two compo-
rent construction.

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

1.3.4 3rd Gereration Flexibly-Lirked OGTBs

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

FLEXOR--Flexibly-Lirked OGTB

Descriptiorn: The FLEXOR 1linkage concept has beer under develop-
ment since the early 1970's. Although it is not used yet in com-
mercial service it has beer successfully full-scale proto-type
tested and is being wused as the new U.S. Navy pontoon bridge
conrecting device. The rnormal FLEXOR ocean-going installation
consists of up to four barges of up to 8000 DWT per barge, a bow
unit, ard a tug urit, cornected to each other by a pair of
longitudinal steel/rubber pirs called FLEXORs. The pins fit into
recepticles that have been desigred with a quick release guillo-
tire mechanism. The FLEXORs have heads made of cast steel which
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are scparated by a uretharce body irterdisposed with steel pluates.

This method of constructionr makes these devices extremely strong
ard flexible. The body is pretersiored by cables cornrectirng the
heads. The flexibility of the FLFXOks allow the differenrt

comporerts Lo have some relutive motiorns irn all degrees of free-
dom which prevents build wup of excessive force at the lirkage
area. Details of the lirkage is shown in Figure 1.14 ard artist
illustrations of how a commercial FLEXOR system might look is
showr: ir Figure 1.'5. More irformatior about the FLEXOR 1lirkage
system car Dbe found in Marrirer (1968) ard (1972), Barge Trairn,
Inc. (197%), (1973a), (1973b) ard (1978), Appenbrirk (1974),
Browr (1977) ard Hautarer (1975) or from the desigrer listed ir
Table 1.4,

Commercial Potertial: The FLEXOR system has been developed for a
differert type of commercial operatior tharn that suited for the
loosely  ard mecharically-lirked desigrs. Instead of beirg used
to push single large barge ir a poirt-to-poirt coastwise trade,
it has beer desigred to push a series of smaller barges (<8000
DWT) in a trair type operatior. 1In this type of trade the barges
would be dropped off and/or picked up at a series of ports durirg
a sirgle voyage. The advartages of such a type of operatiorn are
obvious. It has beer used for quite some time or the great
rivers of this country. It allows trains of different types of
barges of various origins ard destirations to be moved alorg the
coast. The barges could be owned by the consigror, consigree, or
barge company, ard could be Kkept for storage as well.
Essentially, FLEXOR allows the typical multibarge river system to
become ocear capable. ‘ :

There are several reasons why the FLEXOR has not yet been
used irn commercial trades. Probably the major ore is that its
use 'demands a type of operatior radically differert from the usu-
al coastwise tug-barge operation. As the maritime -irndustry is
very cornservative, such novelty is slow to be accepted.
Additionally, ir order to implemenrt the barge train conrcept, sev-
eral barges have to be built concurretly for diffent shippers who
would be willirg to coordirate their capital investments arnd
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 rot desigred for long
dlstance or trans-ocean operation, it certainly could be very
useful ir coastwise or shuttling operatiors. The ability to push
Sseveral small barges at the same time would allow several small
shallow draft ports to be resupplied from various depots onrn a
single voyage with one or two barges being dropped off arnd/or
picked up at each port.

The FLEXOR system installed on portoon barges has proven
itself ir U.S. Navy Civil Engireering Laboratory exercises. Al-
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TYPICAL INSTALLATION

"; BARGE TRAIN, INC. FURNISHES FLEXORS AND FLARED CONNECTOR
w0 PIPES COMPLETE WITH LATCH MECHANISM.

COMPRESSION &/OR SHEAR

BENDING & TENSION
SECTION THRU LATCH MECHANISM

TENSION

Figure 1.14

FLEXOR Linkage
: Source: Barge Train (197})
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250 X 80 X 15 DRAFT BARGE

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 hurdred of the 20'x?'00' r~antoors which are carried
onboard LSTs will be fitted with F.EX(Rs. The FLEXORs allow the
pontoorns to be assembled irto LST causeways and ther pushed onto
the beach as a unit.

FLEXORs could be used also to allow several landirg bavges
to be pushed by the same tug. As the system rears the beach, the
units could be separated and irdividually discharged. The tug
ther could retrieve the barges, link them up again, ard 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 mentionred that a barge train in a coastal run
in a danger zone would be less vulrerable than a ship. If ore
barge is hit, it could be released and the remainirg barges
reconrected so that the system could contirue. 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 existirnrg flat-bow tugs ard nrotchless
barges. The desigrer estimates that the retofit could take 1less
thar six mornths including ergireerirg ard installation and would
cost approximately $300,000 for a 5-6000 DWT barge. The FLEXOR
for such a barge would be zpproximately 30" ir diameter ard would
weigh about 12,000 pounds ard 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 Gereratior Loosely-Lirked OGTBs

There are several 3rd generation loosely-linked OGTB system
desigrs under development at this time. Ore has been in opera-
tion for a few years and others are being installed or or
contracted for rew construction., The reasors for such a flurry
of interest in these types of lirkages 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 1less <c¢apital and operating cost than for the
mechanically-linked systems and at little additioral capital cost
than for the 2nd gereratior OGTBs.

Since these OGTB designrs are so new, there has been essen-
tially nothirng published about them ir the professional journals
or the trade literature. Therefore, the irnformationrn presented in
the following subsections has beern obtained directly from the
desigrers or operators, either through telephone conversations or
compary brochures/documents. Consequertly, the data presented
may rnot be complete for all desigrs, but it should be closely
represerntative of the type of 1linkages that are nrow under
development.
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All of these looscly-lirked 0GTB 1lirkages have the sane
purposc: 1.0 reduce the tug motiorn i~n the rotch so that separa-
tion of tne tug from the barge will rot be required in ay sea
state expected during the voyage. Almost all of the designrs uti-
lize the same prinrciples:

(1) to restrict tug heave ard pitch motior by the use of some
rorn-jamming restraining device at the tug bow ard/or by the
use of frictioral restraints (usually wedges) onrn the tug's
sides,

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

(3) to restrict tug roll, yaw, and sway by closely fitting the
tug's lires to the rotch shape so that these movements are re-
straired by ferders or wedges.

Each desigr performs these functions in a differert manrer as
discussed 1in the subsections below. These descriptiors will be
followed by a brief discussior of the commercial anrd military po-
tential of loosely-linked OGTB systems.

Bludworth Loosely-Lirked OGTB Desigr

The Bludworth 1linkage design was the first of the
loosely-lirked OGTB lirkages to be put irto operation. The first
unit, the Porciara, begar operationrns in 1972. Details of the
linkage are not available since the Bludworths are reluctant to
divulge ary irformatior concerring its design. However, it is
believed that the tug is held in the notch by tensionred cables
and its movement is restraired by hydraulicly controlled wedges
located at the after end of each side of the tug. Additiorally,
the tug is restrained from heaving by a frictioral device or the

-tug's stem that clamps onto a vertical rail 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 tark barges. Although
built for Dow Chemical they have been under a temporary charter
to Belcher 0il since August 1978. The operator claims that when
the barge 1is pushed by its 7000 HP tug, it has averaged 10.8
knots. The tugs and barges have never had to separate evern when
experiencing twenty foot seas. The operator believes the system
capable of withstanding 30 foot seas without difficulty.

Currently two contairer OGTBs are being built by Urion
Carbide with this 1lirkage. The 11,000 DWT sirgle deck barges
Wwill carry somewhere betweer 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 '/2 foot deccp rotch. Delivery 1is evnected
in late 1979.

Breit & Garcia Loosely-Lirked OGTB Desigr

The Breit & Garcia linkage desigr is the secord of the 3rd
generatior OGTB desigrs to be irstalled or rew corstructior. The
linkage of this system differs from the other designrs since the
tug's bow is not restricted agairst heave. L Instead, the tug bow
is fitted with rubber rollers mounted orn a horizortal axis to fa-
cilitate relative vertical movement betweern tug anrd barge.
Additiorally, the tug is secured to the barge rotch laterally by
four hydraulicly operated lamirnated steel/plastic pads located or
either side of the tug, fore and aft of amidships, which mate
with matchirg unrnits onrn the barge. Tersionirg hawsers are 1led
from the barge wings via rollers on each of the tug's quarters to
hydraulic tersioning rams. These serve the dual purpose of hold-
ing the tug ir position longitudirally anrd of providirg the means
for transmissior of stern power. It should be mentiored that the
tug 1is equipped with a towirg wirch and hawsers and is fully
certified for operating in the towirg mode if necessary.

Two tank OGTBs are being built with this lirkage desigr for
Belcher 0il Company. The profile of this system &rd 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-Lirked OGTB Design

Recently E. H. Fletcher has developed a loosely-lirked OGTB
desigr to be installed onrn rew or existing OGTBs. The linkage de-
sigr is shown in Figure 1.17. There it 1is seer that a
horizortal, <cylindrically-shaped, corstant-tension, erergy ab-
sorptior device is mounted or the tug's bow. This rubber device,
which is about sever feet lorg for a 1500 LT displacement tug,
transmits the tug's thrust energy everly into a corresponding
horizontal corcave cylirdrical slot ir the barge nrotch. These
slots canrn be fabricated at several drafts to allow for different
ballast corditions. The tug ard barge are held tightly together
by tensiored chains and the tug's sides are fitted with hydrautic
wedges to reduce vertical motiorns. 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 tharn $250,000. Model basir tests have
indicated that this system should be capable of operating in the
push mode during any sea conrndition expected irn its coastal trade.
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Breit & Garcia Loosely-Linked 3rd Generation

OGTB System
Figure 1.16
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32,700 SO4T UNIT

TWG:  L.0.A. 167

Beam 53!
Draft 25*
GRT 290
BARGE: L.0.A. 585°*
eam 92’
Depth 49
GRT 21300
T.P.1. 106,
COMBINED
uniT:  L.O.A. 620"
Beam 92’
Depth !

37,700 SDHT UNIT
CARGO CAPACITY: (937)
SOWT 37,700

at 3 M.
Cubic Capacity 285,000 Bbls
SPEED/CONSUMPTICH

12.0 knots/42 tons HYF glus
2.5 tons diesel fuel
per day

CLASSIFICATION:

TUG: ABS Class Al Qcean-Towing Service

IMCo (Solas 1560)
Internationatl Load Line

BARGE: U. S. C. G. Aporoved
ABS Class + Al Qi1 BRarge

PROPULSTON MATHINERY:

TUG: One B & W-type 7L67GF
7-cylinder, 2-cycle, maximum
continuous rating 13,100 8HP
at 119 rRPM

AUXILIARY MACHINERY:

TUG: Two 550 Kw. AC Generators
driven by Caterpiliar diesels.
One energency qererator 135 Kw.
A.C. driven by Detroit Diesel.

BARGE: Twc 150 Kw. generators driven
by Caterpiliar diesels. Cargo
pump engines Dutroit Uiesels.

CARGO_TANKS:

Ten, § Port, 5 Sthd,

Coating: [noraanfc linc

Heating Coils: 2., Steel (1500 Vtn.ft,
tank)

Mot 0il Heater:“Vagor' B.4 million 8TU'S

Up to § sejregation avatladle

PRINCIPAL OI#NSICHS:

TuG: L.0.A. 167"

Beam 53°
Draft 25
GRT 290
BARGE: L.0.A, 640°
Beam 105¢
Depth 46'
GRY 31000
1Pl 135
COMBINED
UNIT: L.0.A. 675"
- Beam 105"
Deptn a6’

§5,000 SPWT UNIT
CARGO CAPACITY: (92:
SOWT 55,000

at 39* S.MW.
Cubic Capacity 417,007 Bbls
SPEED/CONSUMPTINN
11.0 knots/42 tons HVF plus
2.5 tons diesel fuel ger
day
CLASSIFICATION:

TUG: ABS Class Al Ocean-Towing
Service
IMCO (Soras 1967)
International Load Line

BARGE: U. S. C. G. Approved
ABS Class + Al Qil Barge

PROPULSTON MACHINERY:

TUG: One B & W-type 7L67GF
7-cylinder, 2-rycle, maximum
continuous rating 13,100 BHP
at 119 RPM

AUXTLIARY MACHINERY:

TUG:  Two 550 Kw. AC Generators

driven by Catermyllar dicsels.
One emergency gererator 135 v.
A.C. driven by Detroit Diesei.

BARGE: Two 150 Kw. acneratars 4iiven
by Caterpiliar diesels. Cargo
pump engincs Detroit Diesels.

CARGO. TAYKS:

Ten, S Port, § Sthd.

Coating: Inorqanic Zinc

Heating Cofls: "' steel {© ) lin,
ft tam)

Mot C11 Neater: “Vagor® 10.9 milifon
BTU s

S-grade segregation

Belcher Towing Company

Source




resent Oferne

CABLE-LOC Loosely-Linked
3rd Generation OGTB system
| Source: ANDUL Engineering, Inc.
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Commercial Potertial

The ecoromic ircertive for the developmert of these
loosely-linked OGTBs is discussed ir detail ir the nrext chapter.
It is their ability to provide '00% push-tow capability at little
additioral capital cost compared to pull-towed systems that have
made them so popular. However, since most systems have rot
operated for a lorg period of time, it 1is not possible to really
evaluate the commercial potential of ore system over arother at

this time. Additiorally, it is not known whether these systems
are truly capable of push operatior without damage ir all sea
cornditions. Although they seem capable of withstarding between

twerty and thirty foot seas, it is still questiorable 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 wher unfavorable sea corditiors are
expected. However, this may mean that nore 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 1lirkage, it seems rather small,
probably 1less than $500,000. Additionally, all linkage systems
should rot interfere in the wuse of the tug for irdeperdent
operation--for salvage, push-towirg, or pull-towing. All of the
lirkage systems allow the barge to operate at different drafts
without without major ballasting of the tug.

Military Potertial

These loosely-linked OGTBs certainly have the potential to
be wused in shuttling or coastal operatiors especially for the
movemert of POL ard 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 betweer the tug and barge is not too severe in
moderate sea states, ther these OGTBs might be capable of replen-
ishment at sea operations as lorg as some safe cornecting plat-
form and some power/fuel lirkage could be desigred between tug
and barge. Alterratively, the barge could be manred and ary hab-
~itability or weapons equipment could be powered by gererators
onboard the barge.
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All of the 1looscly-lirked desigrs are capable of
drop-ard-swap operation. However, rore of the systems in opcera-
tion or being built are to be operated ir this way since their
barges can be loaded/discharged ir a wvery short time.
Unfortunately, rone of the lirkages allow interchanrgeability of
tugs ard barges among the different desigrs. Orly the
loosely~-lirked 0GTis of ar individual operator may be exchanged,
i.e., the two Bludworth Dow Chemical systems, the two Bludworth
Unior Carbide systems, o the two Belcher 0il systems. Thus, the
potertial use of this large commercial fleet ¢f 3rd gereration
loosely-lirked OGTBs for military drop-and-swap operations is rot
currenrtly feasible.

With respect to mobilization, these systems could be rewly
constructed several monrths before a ship of equivalent capacity
due to the corcurrert construction of tug and barge ir
specialized yards. Ore shipyard believes that a large OGTB of
this typ could be in operatior in 1less tharn 18 months after
sigrirg the contract, ircludinrg engireerinrg and desigrn.
Retrofitting of these systems car be quickly and easily dore for
any tug that can fit irnto the sterr rotch of a barge--2nd gerera-
tion O0OGTBs would be of this type. Of course, if a sterr notch
must be added or sigrificantly charged so that the tug fits more
snugly, ther retrofittinrg costs would be higher. Since today
there is no standard tug bow or sterr notch shape, there is 1lit-
tle possibility of converting a large fleet of tugs arnd barges to
3rd generation 1loosely-lirked operation wWwith complete tug and
barge irterchangeability without expensive modification to manry
standard tug bows ard barge notches.

Prior to proceedirg to the rext chapte~ ore other mobiliza-
tion advantage of these ard the other 3rd generation OGTBs needs
to be mentiored. This is with respect to their manning. It is
apparent that since these 0OGTBs can operate in trans-ocean trades
with no more than sixteen (mechanically-lirked) or eleven
(loosely-lirnked) mer, the mobilizatior of a large fleet of these
OGTBs will have a sigrificantly smaller impact or the merchant
marine than the mobilizationr of a large fleet of ships. This may
be a very important consideratior in times of scarce merchant ma-
rine manpower.
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ANNEX A TO CHAPTER 1

TUG/BARGE MOBILIZATION MISSIONS (1)

This afternoon amidst all the discussiors of the commercial util-
ity ard institutioral corstraints impacting or the future of
tug/barges in foreigr trade, it is rather easy to overlook ar 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 Marire Act of 1936,
begins:

"It is necessary for the natioral deferse and developmenrt of
its foreigr anrd domestic commerce that the United States
shall have a merchani marire ...."

Note that "rational defense™ is mertiored first and remember that
MarAd's mission is to carry out this policy. The Maritime Adnmin-
istration must provide shipping capability during a declared na-
tional emergency.

In 1974 MarAd established a "ship desigrs for mobilizationr" proj-
ect to develop modern ship desigrs for wartime production. The
resultart desigrs were intended to:

a. Improve shipping capability in wartime;

b. Replace wartime shippirg losses; and

¢. Meet postwar trading requirements.
Working closely with elements of the Navy, the Army, anrd the Mil-
itary Sealift Command we identified the desigr 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
Constructionrn,” Maritime Admiristratiqn, on March 26, 1979, at the
Natiornal Oceanr-Going Tug/Barge Planning Conference held in New
Orleans on 26-27 March 1979.
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developed detailed preliminary desigrns for a rumber of optioral
configurations of a single hull form ircludinrg a multi-purpose
design, a jumbo versior, ar austere versionr, and a cokrtainer
orierted version.

After these desigrs were well along, we received some well
reasored suggestions to consider tug/barges for this missior and
began some prelimirary studies.

These four ship desigrs were presented for public review ard dis-
cussior at a Goverrment/Industry Mobilization Ship Confererce
last November ir Washinrngton, D.C. This Cornference was a valuable
forum resulting in copious detailed writter commernts and
suggestionrs on areas where the desigrs could be improved.

In additior we received some major guidarce at the Confererce
itself. First, the Dbasic multi-purpose ship was too small for
anticipated commercial services, ard the Navy and MSC also decid-
ed the larger ship was more desirable for logistics support.,
Second, the anticipated 17 morth constructior period was much
longer than we had hoped, for rapid replacement of wartime ship-
pirng losses.

Based or these signrificant confererce results, the future steps
of the mobilizatioasrn ship have been altered. The contract desigr
effort of developirg detailed biddirg plars ard specificatiorns
will be for a larger multi-purpose vessel with increased beam.
Corcurrently we will be studyirg procedures for improvirg produc-
tion plarning and procurement cycles to reduce the total con-
structionr period. For example, Japarese yards indicate that less
thar 14 months would be required for delivery of this type vessel
in peacetime. It is our intertion to identify the bottlerecks i~
U.S. ship productior schedules and seek to reduce the U.S. con-
structior time.

-The utility of tug/barges was also raised at the Mobilization

Ship Conference ard they are of considerable interest, Especial-
ly in view of the just mentionrned firdirngs. Increasinrg the size
of the mobilizationrn ship reduces the number of shipyards which
can be used to construct them. Thus there may be a reed for an-
other desigr of smaller dimernsions capable of being constructed
at smaller shipyards. The need to construct large numbers of
vessels in a mirimum time period also erharce the attractiveness
of ocean-going tug/barges. This will be especially true if the
tug and barge car be kept as simple as practical givern the mis-
sion requiremerts.

At this point ir time, MarAd has prepared a number of concept
desigrs for mobilization ocean-going tug/barges. These will be
circulated within goverrment, just as the present mobilization
ship was, for review and discussion of 1its role and its
desirability. Clearly the war scenrnario plays a major role in the
desigr process. Present requirements indicate high speed, 20
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krot convoys wWwill be used. As noled earlier, these 20 knot ships
are coxpected to take rearly one and a half years to be deliverea.
Or. Lhe premise that some emergenrcy shipping may be cortinuédd out-
side ot corvoys and that tug/barges should permit earlier
deliveries, MarAd is pursuing this alterrnative. The tug/barge is
nrot a substitute for the mobilizatior ship in logistics support,
ary more thar it has been proposed as a substitute for a high
speed contairer lirer but it does appear to have a mobilization
role.

Based on the foregoing, the desigrn goals for a mobilization
tug/barge have beer iritially established as follows:

0 Desigr for immediate replacement of lost shipping.
Here simplicity ard ease of fabricatior are essential to
insure a short production period. Mirimizirg regionrs of
hull surface double curvature and wutilizing simple deck
machirery and cargo hanrndlirg equipment are two specific
.means towards obtairning this goal.

o Desigr for cargo handling flexibility.
Self-1loading anrd unloading capability will be required to
allow the vessel to operate at ports with either sophisti-
cated or primitive facilities.

0 Provide multi-purpose capability as a system.
This can be accomplished, and still meet reduced construc-
tior time goals, by havirg two or three standard desigrs,
each of different limited cargo hardling capability.

0 Firally, incorporate features to erhance commercial capability
Provisior should be made in the desigr for carrying
anticipated commercial cargoes, which will rot always be
the same as those trarsported in wartime. An alterrative
in this respect would be a mobilizatior hull cornfiguration
which could be easily ard 1rnexpersively modified at the
end of the corflict.

The ocean-going tug/barge has a number of attributes which make
it attractive as a complemert to the mobilizatior ship. Consider
first the problem of wartime productiorn. Large coastal shipyards
are likely to be overloaded with naval work ard multi-purpose mo-
bilizatiorn ship corstruction. Production time ard expense could
be reduced through separate carstructior of tugs and barges at
specialized smaller yards rot already operating at peak capacity.
For desigrs below the maximum size 1limitationrs of the Saint
Lawrence Seaway this could irclude facilities on the Great Lakes
or irland waterways.

Where tug/barges exist, but the barge is not suitable for

transporting the cargoes needed, new barges could be desigred anrd
built to be compatible with existing tugs. A viable transport
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unit could be created without havirg to order 1lorng lead-time
machirery.

For rnew conrnstructior of tugs, and also some barges, the use of
existing desigrs anrd/or new stardardized desigrs will help to
mairntain low buildirg time. Stardardized desigrs would have the
added berefit of being specially configured to maximize construc-
tior efficiercy.

In additior to productiorn there are wartime operationral
considerationrs that are also attractive. The increased
survivability accruing from the use of separable hulls will be a
sigrificart berefit, provided the de-coupling time is short.

As a system, the tug/barge has the potential of each tug servinrg
more than a single barge. This is rot rormally done commercially
due to. the fast or and off loading of the cargoes typically
carried, but may result in a decided advartage in military
operations. With proper scheduling turn-around times could be
mirimized, since the power unit can be de-ccupled from the incom-
ing barge and conrected to an empty for the return trip without
delays for cargo handling. This requires the tug to be totally
seaworthy in the discornected mode.

Firally, at the erd of the war all mobilizatior vessels would be
either takenr over by commercial owners or assigred to the reserve
fleet. Where existing tugs or tug desigrs 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 1in 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 beer stated that a tug/barge desigr need rot have
complete multi-purpose cargo handling capability, the transport
system as a whole should be able to carry any cargo to any rea-
sorable destination. As a result, several tug/barge variationrs
Wwill be required.

Mobilizatior tanker needs can be effectively met by existirg
tug/barge and conventional tankers modified by installinrg
underway replerishment equipment. Therefore, a tank barge desigrn
is not being considered for desigr development.

However, concepts of a KO/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 mears to trans-
port military vehicles to0 a war zore. 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~ cortairers on chassis. Large items of
urusual shape or size, such as helicopters or boats, car also be
accommodated.

Because an inexpensive and simple desigr is desirable, the RO/RO
barge will rot be equipped with multi-purpose cargo hardling
capability. In fact, the RO/R0O barge has beern corstraired to
have onrly onre self-contained off-loading ramp ard a mirimum rum-
ber of irnternal ramps and watertight doors. The combiration of
hatch covers, statiorary ramps runring through holds, numerous
watertizht doors, ard ron-RO/RO cargo hardlirg gear which charac-
terize a truly multi-purpose ship, is not compatible with short
and irexpensive constructor. The main deck has been desigred as
the freeboard deck, there are no subdivisiorn bulkheads
restricting RO/RO traffic. RO/RO stowage below the mair deck has
not beer provided to avoid the complicatior of watertight doors
in bulkheads and/or elevators.

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

Wher this designr origirated a speed of 20 krots was set as a goal
mainrly to determire 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 nro
provision was made for cargoes other than roll-on/roll-off
(thereby keeping displacemert low) and as a result there are ex-
tersive void spaces below the mair deck. Ultimately the service
speed with 18,000 HP ard a 25 percent power margir was estimated
‘to be approximately 19 knrnots. The actual required speed is, irn
my opirnionrn, 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 mobilizatiorn goals. As a gener-
al guideline in keeping with the objective of uncomplicated
desigr, the cargo handling system does not include items such as
mechanized hatch covers and large sophisticated cranes. The
dimensionrns of the barge make it suitable for transitting he
Sairt Lawrence Seaway to and from the Great Lakes.

A service speed of 14 knrnots 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 handlirng equipmenrt if desiruble,
such as the rotatirg crane shown on the mobilization ship
earlier. (Figure of mobilizatior ship rot included.)

The tug desigr and the lirkage remain oper issues. A special
study will be necessary to fully develop a tug desigr which will
be best suited for mobilizatior conrstructionr. Objectives for
this tug desigr will include:

0 Quick anrd inexpensive fabrication irncluding machinery
availability

0 Seaworthiness without a barge

o Ability to be utilized for corventioral tugboat purposes,
for example, towing, marshalirg ships and barges, aiding
in dockinrg and undockirg, and lastly

o Postwar commercial utility

In conclusiorn, the tug/barge has the potertial to perform an es-
sential role in the event of a mobilization effort. This role
Wwill consist of providing quickly available shipping capacity ir
the early stages of a conflict and also supplementing the
services of the mobilizationr ship . with single vessel sailirgs
throughout the duratiorn of the war.

The goverrment is now examinirg alternative barge and tug
configurations.

The eventual goal, after the completion of the prelimirary
desigrs, will be the development of a set of contract plans and
specifications hopefully followed by constructior of a prototype.

Durirg the workship discussions tomorrow and ir your indeperdent
developmert of the tug/barge concept I would urge you to Kkeep the
mobilization missior in mind. We believe ocean-going tug/barges
have @ place in that mission and proper planring and development
will assure that that place is filled.
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ABSTRACTS OF MILITARY SPONSORED RESEARCH ON OGTB'S
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STAYPOWER: SYSTEM OF TRANSPORT AFLOAT YIELDING ‘
PIVOTAL POWER THROUGH WELL BALANCFED AND ECONOMIC RESUPPLY !

by

U. S. NAVY
Commarder, Service Group One

30 June 1977

The STAYPOWER study examines the feasibility of increasing
fleet readiness for worldwide operatiors while sharply reducirg ]
attendart support costs. The concept entails introductiorn of
integrated tug-barge urits to perform interface, storage and
trangsportation functions now performed by fixed advanced Dbases
and UNRE™ shuttle ships (AO, AE, T-AO). The integrated tug-barge
units would wutilize prover hardware such as those already
constructed and ir 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 crare would be
requi~ed to harndle contairers). 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 "stationr ship", using

the stationrn ship's rigs; 1isolated units, detached from the task ﬂ
. force, would be replerished using a fuel rig and a cargo rig :
; installed on the tug. Number of barges required is related to
i predicted pipelire ship capacity anrd arrival frequency; rumber 1
f of tugs nreeded 1is related to shuttle resupply requiremenrts for
4 supported task forces and detached units. Fork trucks would be

used for destuffing containers aboard the barge durirg consolida-
tion with the statior ship. An AFS could be used to manrnage in-
coming and outgoing cargo at the advanced anchorage interface.
Crew size of the tug would rot be adequate for major
consolidation; the station ship would provide personnel to man
the barge evolutiorn during consolidation.

" The study concludes that the STAYPOWER integrated tug-barge
concept is feasible and that a shuttle force comprised of such
units 1is potentially an extremely attractive alternative to cur- 3
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 desigr and
costing studies.
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NAVAL APPLICATIONS
OF
OCEANGOING PUSH TUG/BARGE (MULTI-SECTION SHIP) SYSTEM3

by

Seth Hawkirns
Naval Ship Research and Development Center

Report 422u4--July 1973

This report documerts 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, ircreases operatioral
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 irdustry.

By utilizing a rigid type linkage it is possible e~ approx-
imate convertional surface ship speed-power and other measures of
performance for all but the highest speed raval surface ships
such as destroyers, escorts, "cruisers 'and aircraft carriers.

‘Thus, the concept appears to be applicable to a wide variety of

existing raval 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 wunit power plarts), and increased mainternance
flexibility. Operational flexibility is enhanced since the
motive-force part of a ship system can either remain with the
functioral unit or proceed elsewhere with another functioral
unit. Technically, it is concluded that little stands ir the way
of designing such a system today.
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MULTI-SECTION SHIP FEASIBILITY
AND CONCEPT DESIGN STUDY

by

Carlos Tomassoni, loganr Sharrah,
Thomas Sauer, Hortorn Lain
and John Slager
HYDRAUTICS, INCORPORATED

Technical Report 7224-6  March 1974

Certair technical problem areas are addressed involving the
use of the multi-sectior 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 wunit 1is determined to be feasible for all missions not
requiring high speed (above 20-22 knots). One such standard
pusher is synthesized ard examined ir detail as to
characteristics, performanrce, mannring and costs. The use of the
stardard pusher with three selected functioral urits replacing
conventional ships--a submarire tender, a replenishment oiler,
and an attack cargo ship--is investigated. The differerces are
noted betweer 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., mannirg, power
supply, fuel storage ard hardlirg, auxiliary propulsion
requirements, couplirg and uncoupling mareuvers). No unsolvable
potential problem areas are found that would preclude the suc-
cessful application of the concept to raval support missions.
The capability of the pusher unit is also examined. Four such
representative missiors are intelligence gathering,
anti-submarine warfare, surface warfare and mobile hospital.
These missiors are accomplished by using modular equipment
mounted orn the pusher. The performance of the missions is con-
sidered acceptable with no detrimental effects on the pusher.

1-82




b oo AN ORI i sk i RNSATY 59 .\ T o Skl 59, S O T i i el

DEFENSE UTILITY OF COMMFRCIAL 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 functiors required in
contingerncies whose performance may require the use of vessels
and craft that are not formally included ir current cortingency
plarning: ard idertifies the types, characteristics, ard poten-
tial ava lability of vessels arnd craft that appear to have utili-
; ty for these functions. 1Its scope excludes (a) vessels owned or
] operated by the Department of Deferse and the Coast Guard; (b)
oceangoirg commercial cargo ships, which already are included in
natioral contingency planrning; and (c) foreigr-owned vessels.

Vessel types ircluded are: ocean-classed tugs,
ocean-classed barges, crare ard derrick barges, offshore service
and supply vessels, drillships and semisubmersibles, five

] categories of fishing vessels, oceanographic research vessels,
1 dredges, floating drydocks, motor yachts and small craft,
passenger-vehicle ferries, marine salvage vessels, and advarced
marine vehicles (air cushion vehicles, surface effect ships, and
hydrofoils).

The report identifgies 13 general military functions that
could be filled in whole or in part by the types of vessels stud-
ied ard provides eight basic information sources to military

H plarners ard concerned industry personrnel. Three summary tables
permit quick identification of (1) the relative suitability of
vessel types for each general military functiorn, (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 (4) a general description of each inrdustry !
sector, covering basic vessel uses, manning, commercial 1
arrangements, geographical distributior, and availability; (5) :
Vessel Characteristics forms that summarize, for each vessel
class, typical characteristics that are important for evaluation !
by military plarrers; (6) gereral layout drawirgs or
illustrations of most of the vessel classes; (7) a listing of
principal vessel owners, operators, and industry associatiors,
( with addresses, from whom more specific information can be
obtained; and (8) a selective bibliography of further vessel in-
formatior sources.
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CHAPTER 2

OGTB COMMERCIAL ECONOMICS

In Chapter 1 a brief history of OGTB systems was giver with
some mertior of the ecoromic ircertives for their developmert.
The impressior was given that 3rd generatior OGTBs were, except
for high speed ard large unit capacity trades, very satisfactory
and ire.pensive ship replacemerts. However, ships of OGTB size
ard speed are still being built, so either there are a 1lot of
misguided ship operators or OGTBs may really not be so attractive
as they first might seem, for certain types of trades. Ir this
chapter the pros and cons of OGTBs, push and pull-towed, will be
discussed ir comparisor with ships. This will be followed by a
brief discussior of the ecoromics of the differert modes of OGTB
operation. And, this will be followed by a discussior of the
possible future of OGTBs in U.S. maritime commerce.

2.1 Ecoromic Comparison of OGTBs with Ships

To explair why ships and OGTBs of various lirkages are be-
irg built today, the -economic advartages ard disadvantages of
each system must first be compared. This is dore by different
cost/operatioral categories in the following subsections. For
the reader's berefit a summary of these comparisorns is provided
ir Table 2.1.

2.1.1 Marrirg Size (Refer to Anrex A)

The crews orboard U.S. flag ships at the end of 1977
averaged between 30-40 men. Although recently crew sizes have
decreased, few ships of over 1000 GRT are marned with 1less than
25 mer. Only a few tark ships are marned with less, rotably the
35,000 DWT Chevron gas turbire tankers which are manred with 17
men.

Mechanrically-linked OGTBs have beer marred with crews of
approximately fourteen men. There are three reasons why these
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Table 2.1
Economic Corparison of 05TBs and Ship
by Cost/Operational Category
ost/Operational ship Mechanically- Loosely-Linked Pull-Towed
Category Linked OGTEB OGTB OGTB
Manning Size Highest (20-30) Intermediate Lowest (7-11) Same as Loosely-
(13-17) Linked
Coast Guard Crew Most Same as Ship Few Requircements Same as Loosely-
Licensing Requirements| Stringent (unattended Linked
Engine Room)
Union Control Strong Weak Almost None - "
Over Manning
Crew Costs Highest Intermediate Lowest " "
i’ .
Coast Guard Most Same as Ship Apply to Barge " -
1 Inspection Stringent Only
Requirements
Freeboard Ship Rules 25% reduction for Same as Mechanically- " "
Unmanned Barge Linked OGTB
1
- Construction Highest Somewhat Less Somewhat more Lowest
Costs (70-90%) than Than Pull~Towed
Ship OGTBs
wiel Cost at Least Intermediate (7S% Intermediate Greatest
Given Speed more than Ship) (10-15% more than ("30% more than ship)
] ship)
frational Most safe aAbout the same Somewhat less safe Least Safe
Safety as ship than mechanically
3 linked 0GTB
kI Cargo Insurance * Wne
Cost Lowest About the same Frobably somewhat Hichest
. as Shio more than mechni-
g cally-linked OGTB
f Hull & Machinery Highest Somewhat less Somewhat more Lowest
Insurance Cost than ship than Pull-Towed
F OGTB
Protection & Indem- ,
nity Insurance Cost Highest Intermediate Intermediate Lowest
|[Maintenance & Repair Lowest Intermediate Intermediate Highest
(Not performed by crew
fFlexibility Least Little less Flexi- Little less Flexi- Most

ble than Lossely-
Linked OGTB

ble than Pull-Towed
OGTBS
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systems, although Coast Guard irspected and certificated, have
substantially smaller crews thar ships of equivalert deadweight.

The first reasor is because their ergirerooms are highly
automated, typical of diesel tugs, so that they are classed for
uratterded service. This mears that orly a Chief Engireer, ar
Assistanrt Ergireer, anrd arother Qualified Member of the
Ergireroom Department are normally required for engireroom staff.

The secord reason is that sirce the barges are classed as
unmarnred for the purpose of freeboard reduction, no crew is
permitted or them for mainteranrce while underway. This allows
the deck department to be reduced to the Master plus nire mer who
are used primarily for underway watch standirg.

The third reasor why these mechanically-linked OGTBs have
such small crews is because wher they first came on the scere the
crews were either non-union or companry wunion members.
Consequenrtly, they did not pressure the owrer to increase the
manring level to match the ratioral ship urion marning scales.
Additiorally, they were permarenrtly assigred to the same vessel
which 1increased their familiarity with the ship, resultirg ir
improved productivity ard the reed for fewer personrel. Later
when other systems came 1into operation, the patterr of small
crews had been established so that the ratioral uniorns accepted
them even wher marred with their personrel. Besides, the large
unions probably have come to the realizatior that if they attempt
to inflate the crew sizes, the operators will terd to irvest ir
the loosely-linked desigrs which require ever fewer persorrel.

Loosely-lirked 3rd gerneratior OGTBs anrd pull-towed OGTBs
have ever smaller crews. Sirce their tugboats are uninspected
and usually under 200 GRT, there are practically nro interratioral
or Coast Guard regulatiors pertairing to their manrirg. Thus,

-they <can operate with two watches, usually of three men each on

voyages of less thar six hurndred miles anrd three watches onr
lorger voyages. Consequently, crews ranrnge from seven to eleven
men.

To see how the different OGTBs and ships are currently

marred, the reader may refer to Table 2.2. There the manninrg
levels by rate are given for typical tank OGTBs ard ships.

2.1.2 Coast Guard Licensing Requiremerts (Refer to Annex A)

Ships must have officers licersed in accordarce with Coast
Guard regulationrs. The deck officer knowledge and experience
requirements differ somewhat as a functiorn of the gross tonrage
of the ship. Likewise, the engineering officer requirements dif-
fer somewhat as a function of the type and size of plant.
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Mecharically-lirked OGTBs must also have licensed deck and
ergireering officers. The master ard mate requiremerts are row
based or the combired gross torrage of the tug ard barge, so that
they are essertially the same as for equivalently sized ships.
Ergireerirg officer requiremenrts are the same as those for diesel
ship plarts of the same horsepower.

Loosely-lirked 3rd gereration and pull-towed OGTBs
(includirg 1st ard 2nd gereratior push-towed systems) have rela-
tively few requiremenrts for the crews if the tug is less thar 200
GRT. Tne deck watch officers must orly be a certified Operator
or Secord-Class Operator of Uninspected Towirg Vessels. These
Operators are required to fulfill substartially 1less strirgert
knowledge and experienrce requiremerts compared to the licersed
officers orboard the mechanically-lirked OGTBs. The Coast Guard
does no. ever corsider these certificated men as officers.
Engireers, if ircluded, require no licerse at all. The orly re-
quirement or the crew overall is that 65% of the crew must be
certificated as AB or above. It should be mertiored that mary of
the tug ard barge operators, for the sake of safety, do hire
licensed personnel anrd urge their crewmen to become licensed.

2.1.3 Overall Crewirg Costs

Given the above irnformation corcernirg manning levels and
licensirg requirements, it 1is apparenrt that ships, havirg the
largest crew sizes and the most strirgent licernsirg requirements,
will cost the most to mar. Mecharically-lirked OGTBs cost sub-
stantially less (probably at least ore-third less) to mar because
they have crews that number almost half that onrboard the
equivalently sized ships. Ard, loosely-lirked OGTBs cost sigrif-
icantly less to mar thar their mecharically-lirked counterparts
sirce they car again reduce their crews almost by half. The crew

that does remain orboard has practically no 1licensing

requirements and so can be paid a lower average wage. One
tug-barge operator has estimated that he saved at least $600,000
ir crewing expernses by havirg a loose rather tharn mecharical
lirkage in his OGTB system. Such saving inr crewing experses cer-
tairly provides stronrng ircentive for many shippirg operators to
irvest in OGTBs, especially of the loosely-lirked variety.

2.1.4 Capital Corstructior Costs

In this subsection the cornstruction costs of large OGTBs
(greater thar 10,000 DWT) and ships of equivalent capacity and
speed are compared ir relative terms. That is, the features that
make ore system irherertly differert and more or less costly than
another is discussed. In additior, ore shipyard's estimate of
the construction cost of the differert systems is provided ir An-
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rex B. trom this Arrex the reader car get some appreciatior of
the actuzl pricetag for the differerces amorg the various
systems.

Certairly, the cheapest systems to corstruct are the hawser
or pull-towed OGTBs. The tugs are the 1least expersive of the
poweriry urits to build sirce they are of standard desigrs that
can be built at a great rumber of small vessel construction yards
and without Coast Guard irspectior. As these types of yards spe-
cialize ir small boat corstructior, they do rot require expenrsive
buildirg docks or ways. This allows their overhead costs ¢ be
sigrificartly 1less thar those of multi-purpose shipyards. The
barges, except for the very largest, car also be built ir
specialized barge constructior yards. These yards also have
rather low overhead costs since barges, havirg little outfit ma-
terial ard machirery, car be built with lesser skilled workers.
Additiorally, sirce pull-towed barges car make orly slow speeds,
they car be desigred with very simple hull lires with very little
curvature., This meanrs that most of the barge can be reduced to
simple flat plate anrd frame constructior which allows for
irexpenrsive automated fabrication techniques. Ard firally, the
lirkage betweer the tug and barge is the cheapest of all systems,
being only a towing wirch arnd wire. For all of these factors,
pull-towed OGTBs cost the least to construct.

Almost as irexpersive to build are the 1st and 2rd genera-
tion push-towed O0GTBs. The tugs for these systems are still of
standard desigrs. They require little additioral hardware, pos-
sibly some extra bits ard fairleads, for wires lirkirg the tug
and barge durirg push-tow operatior. The deeper notch systems
may also have some additioral equipment to reduce heave or pitch
ir moderate seas. As for the barges, their notch will make them
a little more expersive to build. But, the rotch and other link-
age costs should rot add more tharn a couple of p@™tent to the to-
tal cost of the system.

The loosely-lirked third gereratior OGTBs will be somewhat
more expersive to build thar their 1st and 2nd gereration
courterparts. The tug, although of basically stardard desigr,
may require some special care in the fabricatior of its hull form
s0 that it mates closely with the barge notch. The tug may also
require special modificatior to accommodate the machinery for the
linkage devices. The barge cost should also be a little more ex-
persive to build thar its 1st anrd 2nd generatior counterparts
since its notch has to be built with closer tolerances to match
the tug bow. Its rotch also requires conrnsiderable reinforcemenrt
to accommodate the forces generated from operation at higher
speeds or from severe sea conditiorns. Also, since these
loosely-lirked barges are nrormally operated at sigrificantly
greater speeds, their hull forms will require more shape anrd cur-
vature to reduce hydrodyrnamic resistance, ircreasirg their cost
even more. The 1linkage will also be substartially more
expersive. For example, ir most systems the tugs will have some




U

cable/wire tersiorirg device to keep the tug srug irn the roteh.
Additiorally, some type of frictiorn device that dampers tha tug's
motions in the nrotch is usually provided. The cost of these
equipmenrts canr rarge from $250,000 to $500,000. This is ir addi-
tior to a towirg wirch which is usually also irnstalled onrn the
tug for emergency pull-towing purposss or for ircreasirg ths op-
eratioral flexibility of the tugboat. Thus, though
loosely-lirked push-towed OGTBs are built with urirspected tugs,
they are quite a bit more sophisticated and approximately 5% more
expensive to build thar systems desigred mairly for pull-towing.

The mechanically-lirked OGTBs are sustantially more exper-
sive to corstruct thar the other OGTBs. This is primarily be-
cause they come unrder all of the extensive corstruction
requirements 1irherenrt to all vessels 1inspected by the Coast
Guard. These requiremenrts are desigred to ersure that irspected
vessels are as safe as possible--but safety costs morey. For
example, havirg redundarcy in and/or a larger size of steerirg
gear is certairly a nrice safety feature, but it makes an
irspected tug more expersive compared to its urnirspected

counterpart. Also, since inspected tugs have much larger crews,
they require more accommodatior facilities, irncreasing their cost
more. And, sirce these tugs are desigred for 100% push

operatior, the visibility requiremerts of the tug's pilothouse is
based or the tug-barge combiratior. This may force the tug to
have a very tall pilothouse which may have Lo be compensated by =z
costly ballast system to ersure adequate tug stability and
comfort. Additiorally, the tugs are often of very non-stardard
and sophisticated desigrs. The CATUG and Breit/Ingram desigrs
are certainrly good examples of such sophisticatior. This results
ir their cost beinrg considerably higher thar a stardard desigr
tug with equivalert horsepower. For all of the above reasons, it
is apparent that the tugs of mechanrically-linked 0OGTBs should be
cornsiderably more expensive to construct thar the the tugs of
other OGTBs.

The barges of semi-rigid mecharically-lirked OGTBs should
rot be much more costly thar their loosely-lirked courterparts.
They require only some additioral expense for the ergineerirg ard
fabrication of the rotch to ersure it is built to the close
tolerances required by the 1lirkage. The barges of rigid
mecharically-lirked OGTBs should be somewhat more expersive to
build thar those of their semi-rigid courterparts because they
must be built with heavier scartlirgs in accordarce with ABS
rules. The 1lirkage of ary mecharically-linked system will cer-
tainly be a very expersive affair. The cost may range from
$1,000,000 for a semi-rigid 1lirkage to more than twice that
amount for the rigid lirkages. Ir all cases, the systems require
special hydraulics for establishirg the lirkage ard some form of
quick release mechanism to provide emergency separation.
Certairly, all of the above considerations make the
mechanically-lirked OGTB systems conrnsiderably more expersive to
build thar the other OGTB systems.
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Ships, however, are the most expasrsive vessels ©d> build.
Probably the major reasor wihy they cost S0 muzh more to construzt
thar mecharically-lirked OGTBs is because they are built in gern-
eral purpose shipyards. The lack of specializatior of these
yards forces tihem to construct ships with higher overhead rates
than those available from the wmore specialized tug and barge
yards. This 1ircreased overhead seems Lo outweigh the lirkage
costs ircurred by constructing the vessel as a
mecharically-lirked tug anrd barge. Fven ir the case that a ship
ard a mecharically-lirked OGTB with 1iderntical cargo hanrndling
equipmert and carrying capacity are built ir the same yard with
the same overhead rates, there are some reasors why ships might
cost more to cornstruct ever though they nreed nro expensive
lirkage. First of all, sirce ship crews are almost double that
orboard mecharically-lirked O0GTBs, ship accommodatiors will be
considerably more expersive. Secordly, ships carrot take advanr-
tage ot the 25% freeboard reductior allowed by the 7966 Irterra-
tiornal Convenrtior or Loadlires for wurmarred barges. This
ircreases the depth ard therefore the cost of weight limited
ships by a few percenrt. Also, ships carrot take advartage of the
less heavy scartlirgs allowed by AB3S rules for the semi-rigid
mecharically-linrked OGTBs. This increases the ships' hull weight
anrd cost by a few more percert.

Ard firally, arother importart consideratior that makes
ship constructior more expernsive 1is the time value of monrey.
That is, tugs ard barges car be built corcurrently ard delivered
several monrths earlier thar a ship built ir a sirgle yard. (1)
In this time of high irflatior, such early delivery may result in
several hundred thousard dollars reductior ir capital irterest
expenses to both the shipyard ard the vessel owner,

It should also be mentiored that shipowrners usually spezify
corsiderably more sophisticated outfit equipmenrt orboard ships
thar that commorly used or OGTBs, For example, tark barges usu-
ally have deep well pumps for their cargo harndlirg equipmert
while ships rormally have more expensive irterral piping systems.
Such "gold-plating" of ship outfit equipmenrt increases a ship's
cost substartially without addirng ary major real berefit--at
least in the OGTB operator's point of view. Ir ary case, all of
these factors combire to make OGTB constructior from 15% to 130%
less expensive thar ship construction for vessels of similar
deadweight capacity and speed.

(1) This assumes that the ship is rot built with modern modular
constructior practice as will usually be the case when the yard
receives ar order for only one or two vessels. This is because
the ergireerinrg costs required ir modularizatior is worthwhile
orly for large series corstruction.
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2.1.5 Fueli Fxperses

The most fuel efficiert way to move a giver amounrt of cargo
at a giver speed at sca is by ship. This is because the ship's
lines anrd propeller are desigred to provide the desigred speed
with the mirimum ergire power. Care is taker to enrsure that the
hull ferw produces the least amounrt of hydrodyramic resistance
and provides good flow to the propeller.

Rigidly-lirked OGTBs are desigred to have hull forms simi-
lar to those of ships. That is, wher lirked together the tug and
barge 1lires are desigred to joir into smooth ship-like lires.
Although the match 1s rot perfect, the hydrodyramic resistanrce of
these O0GTBs should be ro more thar 5% greater thar for a ship of
equivalert size driver at the same speed. Corsequertly, fuel
experses for these OGTBs should not be more thar 5% greater than
for ships.

Semi-rigid and loosely-lirked OGTBs have tugs that resemble
the more stardard tug forms. Thus, wher the tug ard barge are
mated, the 1lines of the two vessels do rot match well, particu-
larly if there are sigrificart draft differences between the two
units. This results ir turbulence beirg gererated at the lirkaze
area and inr disturbed flow to the tug's propeller. These effects
might cause the resistarce ard power requiremerts of these O0GTBs
to be up to 15% greater than for ships of the same 'size ard
speed. This 15% figure 1is based or the model test results
presented irn Robirsor (1976). Sirce these tests were corducted
or rather crude forms, the ircreased resistarce estimates may be
high. 1In ary case, lirkage fairirg flaps car be desigred to re-
duce this added resistance by several percert. Unfortunately,
practically no hydrodyrnamic model test results for currently
operating semi-rigid ard loosely-lirked OGTBs have beer published
so the true amourt of additioral resistarce caused by various
lirkage designrs is rot known.

1st ard 2rd generation OGTBs probably have even more link-
age drags than the deeper rotched loosely-lirked OGTBs whenr ir
the push-tow mode. Unforturately, there is agair ro hydrodyramic
resistarce data available for these systems so the resistarce and
fuel consumption peralties incurred by them car orly be guessed.
Yet, at the slow speeds at which these O0OGTBs are usually
operated, this fuel peralty is probably not sigrificant.

Certainrly, the least fuel efficiert OGTB system is the
pull-towed variety. Here, both tug and barge forms develop waves
so that the total wave making resistanrce of the tug anrd barge
exceeds that which would be developed if the tug pushed the
barge. Additiorally, barge skegs required for barge steerability
ard the hawser wire add frictioral resistarce drag. Thus, the
pull-towed tug barge system will usually require at 1least 25%
more power to pull than push the same barge form at the same
speed. Although conrnsiderable work has been done or reducing the
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resistarce of barge skegs, there has been little work or the re-
sistarce developed by the total pull-towed tug-barge system. On-
ly crude resistarce algorithams are available to provide the
tug-barge operator ar estimate of what horsepower is needed for
moving a givenrn barge tow at a giver speed.

Giver the above irformatior about push ard pull-towirg fuel
efficiercy, it is apparert that the fuel costs of 1st ard 2nrd
generation OGTBs deperd or the percertage of time the tug is
pushirg or pullirg, fuel efficiercy improvirg ir proportior to
the amourt of pushirg. Ard, it should be remembered that due to
the control anrd hardling difficulties irvolved, only barges of
less than 20,000 DWT are usually towed for ocear voyages ard at
speeds lower thar 10 knots. Higher speeds are impractical be-
cause of the severe frictioral anrd drag resistances developed by
the pull-towed system.

2.1.6 Operatioral Safety

There is no doubt that pull-towed OGTBs are irherently less
safe thanrn ary other ocear trarsport system. The tug orly has
teruous control over the barge. If the tow wire is severed, the
barge may not be recovered before it is grounded o wrecked, par-
ticularly ir bad weather. If the tug loses power, it may be rur

over by the barge. And, 1if the tug has insufficient reserve
power, it may be dragged into trouble by the barge when seas or
wirds are severe. Certairly, the +tug captair has much less

mareuvering control over his barge whenrn pull-towing rather thar
push-towing.

In principle, mecharically-lirked push-tow operatiorn should
be as safe as ship operation. However, there are some
differerces between the two operatirg methods. Ships may be cor-
sidered safer ir some respects because they are usually marred
with 1larger crews which car provide more emergenrcy ard
firefightirg marpower. Also, ships wusually are provided with
more extensive f{irefightirg and ballasting/deballastirg equipment
thar that orboard urmanred barges. Or the other hard, tug-barge
systems may be conrnsidered safer because their separability allows
either unit to be used as the lifeboat of the other urit in the
case it must be abanrdored. As the damage or causes of damage on
tarkships wusually occur ir the cargo sectior of the ship,
separability of the manrnred machirery sectior, the tug, may be
assumed to provide an additioral safety margin.

The other push-towed OGTB systems may be corsidered a 1lit-
tle less safe thar the mecharically-~lirked ones. This is because
the c¢rew 1is smaller, providirg less firefightirg or other emer-
gency marpower. Also, since the tugs are uninspected they are
nrot subject to mary of the more stringert safety equipmert
stardards pertaining to inspected vessels. Additiorally, when




tst ard 2rnd gernerutisn systems are in the pull-itow mode, they are
subject to the same ursafe conditions as other pull-towed 0GTBs

2.1.7 Mairterarce ard Repair Costs

The mainterance and repair costs of any ocear goirg vessel
will deperd or the mairterarce policy of the operator. The bet-
ter mairtaired the vessel, the less the casualty repair costs.
Mairterarce can either be provided by the onrboard crew or by
shoreside persornel.

It has long been the philosophy of ship operators to have
the persorrel orboard do most of the ship's prevenrtative ard cor-
rective mainterarce. This makes quite a bit of sense if ths ship
is deployed on long voyages to ports far from the operator's home
base. Shipside persornel can thern take care of almost ary casu-
alty so that expensive repair delays away from home port car be
reduced to the mirimum.

Tug ard barge operators, on the other hand, have opted ¢to
reduce their vessel crews to the mirimum reeded for operatiors.
They have found it economical to leave most mairterarce to 1less
costly shoreside ergireerinrg persorrel. This is a reasorable
policy wher the OGTB system makes short voyages to ports where
shoreside personrel are readily available. If the mainterarce
carrot be accomplished without delayinrg the sailing, shoreside
persorrel are . ther sometimes embarked onboard the tug to accom-
plish tug mainterarce. It should be remembered that sirce the
barge is normally classed as ar urnmarred vessel, no routire mair-
tenarce ard repair canr be dore on it while urnderway at its un-
manned freeboard. This may not be a problem since practically ro
barge equipment is used while underway.

Given the above arguments, it would be expected that main-
tenarce and repair costs of ships anrd OGTBs would be the least
possible for their traditional trades. The questior is raised
what happers to these costs if OGTBs are sert or long voyages
without additioral maintenarce crew or if ships are operated ir
short coastal trades. It would seem plausible that OGTBs might
be insufficiertly maintaired by their small crews if they corntin-
ually remain onr lorg distarnce trades. This would result ir ex-
pensive casualties arnd/or frequent scheduled mairtenarnce delays.
Whether this is the fact may only be determired after systems
like the Occidertal CATUGs have operated for some time orn trans-
ocearic trades. On the other hand, coastal ships might be quite
overmanred if adequate mairteranrce can be provided by less costly
shoreside personrel as it is dore for OGTBs. Whether this is the
case may be determired from the mainterance ard repair history of
the large coastal OGTBs. But, since most coastal systems are on-
ly a few months old, it will be some time before it can be deter-
mired whether these O0GTBs are adequately mairtaired to prevent
expensive casualties or deterioratior in the lorg term.
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2.1.8 Irsuravce Costs

Marire insurarce is made up of several different p"bmiums:
cargo, protectior ard irndemrity (P&I), anrd hull ard machirery
(H&M). Irsurarce rates are determired by the urderwriters, pri-
marily from the operators previous operating record. (2)
However, the different OGTB systems ard ships have some irherant
differerces that affect irnsurarce cost. These are discussed
below.

First corsider cargo insurance where premiums are ultimate-
ly based or the safety record of thes vessel as well as the value
of the cargo. Sirce pull-towed OGTBs are irherertly less safe
thar other 0GTB modes, cargo irsurarce premiums for these systems
are usually sigrificantly higher, sometimes twice that for ships.
The push-towed OGTBs have, based or their good safety records,
cargo insurance premiums about the same as for ships.

Protection and Irndemnity irnsurance -is marire liability
insurarce. It is predomirately a functior of the crew size sirce
the 1larger the crew, the greater the risk of a crewmar being
injured. Since ships have the largest crews, they would have the

largest P&I premiuns. Conversely, the uninspected tugs of
loosely-lirked or pull-towed OGTBs have the smallest crews ard
thus the lowest P&1 premiums. The premiums for

mecharically-lirked OGTBs would fall betweer those of ships ard
unirspected tugs sirce their crews are of irtermediate size.

Hull and machirery insurance protects the operator against
casualty or damage to his vessel's hull and machirery. 1Its pre-
mium is a functior of the vessel's market value which is usually
a furctior of the its capital cost. Since ships have higher cap-
ital costs and market values tharn OGTBs, they usually experience
the highest premiums. It should be mentioned that H&M irsurance

is also a functior of the repair and mairnterance policy of the

vessel. The Dbetter mairtairved vessels experience fewer
casualties resultinrg in 1lower H&M claims and premiums. Thus,
OGTBs with insufficient crews to mairtair them could have such
severe repair problems that they will have larger H&M premiums
thar 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 ary damage caused by the barge if the

(2) Sirce cargo irsurarce is paid by the shipper to protect him-
self agairst loss or damage of his cargo, its premium is based on
the shipper's rather thar the operator's record. However, if the
shipper predomirately uses a particular OGTB system type, his
cargo irsurarce premium will reflect the operatirg record of the
operator.
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tugbout loses control of it during a voyage. Its premium deperds
or the safety record of the operator ard the type of cargo.

2.1.9 Flexibility

Up to this poirt we have corsidered ar OGTB as a system of
ore tug ard ore barge operatirg ir a shiplike mode, that is, with
the tug ard barge remairirg lirked together at all times.
However, OGTBs do have the advartage of beirg able to separate
the propulsior comporert--tug from the cargo comporert--barge.
This flexibility may be advartageous for several reasors. The
primary advartage 1is that it allows tug ard barge systems to op-
erate ir the same marrer as truck tractors ard trailers where the
propulsior comporert drops ard swaps the cargo comporerts. The
trades for which this type of operation is advartageous will be
discussed ir detail in Section 2.2.

There are several other reasons why tug and barge
separability provides useful system flexibility ard cost savirgs.
For example, if either a tug or a barge of a system requires
repair, the other operating comporert car be utilized if there
are other interchargeable operatioral compornerts ir the overall
system available to be mated with it. Also, only the comporert
that requires repair will reed to be drydocked for hull repairs.
This will result ir sigrificart savirgs if the small-sized tug
reeds such repairs more ofter thar the large-sized barge.

Separability also provides flexibility in the lorg term ir-
vestmert policy of the operator. It allows him to trade, scrap
or convert a barge if it becomes obsolete or unprocfitable ard re-
place it with ore that car operate profitably with the same tug
unit. Or, the tug comporert of mary of the OGTB desigrs car be
sold or operated as ar irdeperdert ocear-going tug for
pull-towinrg, salvage, or other purposes. Certairly, such flexi-
bility allows the OGTB operator mary more optiorns thar that are
available to the ship operator. It ever allows separate owner-
ship of the tugs ard barges.

It should be remembered that as the lirkage desigr becomes
more sophisticated, 1less flexibility is allowed by the system.
For example, the most flexibility is provided by pull-towed
OGTBs. Ary tug of sufficiert horsepower car pull ary barge.
Additiorally, sirce the tugboat is ir front, it will rot experi-
ence ary of the pilothouse visibility problems incurred by the
push-tow operators whenr pushirg barges with tall deck cargoes.
2nd gereratior anrd 1loosely-lirked push-towed OGTBs are not so
flexible. Although the tugs ard barges are capable of pull-tow
operation, the barges car usually orly be pushed by tugs ard
barges desigred for their nrotches. The tugs ard barges of
mecharically-lirked OGTBs, except for the ARTUBAR system, are not
desigred for pull-towirg. The the tugs are restricted to pushing
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barges desigred for their lirkage system or to salvage
' operatiors. But, ever these systems have the advartage over
4 ships of havirg either the tug or barge as the lifeboat %or the
other vessel in case of emergercy.

2.1.10 Overall Ecoromic Comparisor of OGTBs ard Ships

After reviewing the comparisor of the various OGTB systems
ard ships by cost/operatioral categories showr in Table 2.1, some
gereralizatiors may be made corcerrirg the trades for which a

4 particular system might be most appropriate. Such
gereralizations are provided by vessel types ir the paragraphs
below.

Pull-Towed OGTBs: These types of OGTBs are the 1least expersive
to construct ard mar but are also the least fuel efficiert at
sea. Thus, they are most appropriate for trades with short dis-
tance voyages where sea time is rot a large. proportiorn of the to-
tal voyage time or where speed is totally unimportart as ir the
trarsport of corstructed facilities. 1In these trades the extra
fuel costs are outweighed by capital ard crewirg savirgs. These
systems are also the most flexible to operate sirce ary
oceanr-goirg tug of sufficiert horsepower car be matched with ary
barge. Thus, operators with large multipurpose tug ard barge
fleets terd to favor this towing mode. It allows them to use the
same tug for towing cargo barges, for movirg oversize corstruc-
tior equipmenrt without visibility problems, and for salvage. If
recessary, they can charter ir or out their tugs arnd barges from
] or to other operators without worryirg about the lirkage match.

; 1st Gereratior Push-Towed OGTBs: These are Dbasically pull-towed
g ) OGTBs with the additioral capability of push-towirg with any
v ; standard tug ir calm waters. This ability to push ir corgested
waters rather thar takirg the barge or a short wire makes these
" 0GTBs much safer. If the hardware ard/or shallow notch of these
5 systems does nrot irterfere with the barge's operatioral
flexibility, it would seem reasonable that the greater safety
provided by these systems over pull-towed systems would be well
worth the irvestmert. Thus, I would expect that most OGTBs 1
predomirately operatirg ir the hawser tow mode to be built as 1st
Gereration OGTBs.

e ad
.

2rd Gereratior Push-Towed OGTBs: These systems are
trarsitiorally between ist gereratiorn and 3rd generation
loosely-linked OGTBs. That is, they allow more than 50% of the
sea voyage to be ir push-tow mode but in severe seas, say greater
f thar eight to twelve feet, the tug ard barge must resort to
pull-tow operation. Although these systems are more fuel effi-
ciert tharn 1st gereratior OGTBs sirce they car push-tow for a
larger percentage of thé voyage, such fuel savirgs would rot war-
rart the extra costs for a deeper barge rotch ard a sophisticated
lirkage in short distarce trades. They also would rot be useful
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ir moderate distarce tradcs wher heavy seas might ofter force the
tug out of the nutch. This marcuver car be rather dargerous. Do
for these ard lorger distarce trades, it would probably bev worth
the moderate additionral cost for irstallatior of the rew 3rd ger-
erationr loosely-linked 0OGTB lirkages, assumirg that they allow
push-towirg 1ir all sca-states expected durirg a voyage. As cor-
firmatior of this hypothesis, ore 2rd gereratior OGTB operator
has rccertly cortracted for desigrs to corvert his system irto a
3rd gereratior loosely-lirked system. It should also be realized
that 2rnd gereratior OGTB lirkages reduce the operatioral flexi-
bility of the barge sirce orly tugs desigred for the rotch car be
used for push-towirg.

3rd Gereration Loosely-Lirked Push-Towed OGTBs: These OGTBs al-
low corsiderable fuel savirgs over the previous desigrs sirce
100% push-tow operatior 1is achieved. However, continruous
push-towirg is obtaired at the cost of a rather sophisticated ard
expensive 1lirkage system. Whether this extra cost is warrarted
deperds or how much car be realized ir fuel savirgs. Sirce fuel
savings would be greater the lorger the system is at sea, these
OGTBs are most suitable for long distarce trades with rather
short port times. As these systems do require tugs ard barges
specially desigred to match each other ard sirce there are ro
designs that predomirate at this time, the operator has little
opportunity to take advanrtage of the separability of his wurits

except in drop-ard-swap mode operation. However, the tugs are
basically of stardard desigrs ard so could be used for
pull-towing 1if nrecessary. It should be mertiored that these

desigrs (Bludsworth, Breit/Garcia, Fletcher) have nrot operated
for very 1lorg so it has nrot beer prover that they could be
operated in the push-mode in very severe seas as would be experi-
enced ir transocearic crossirgs. This is rot of much importarce
to their owners since they are expected to be orly used ir coast-
al trades. However, it may reduce their ability to be speedily
mobilized for foreign area operatiorn.

3rd Gereratior Mecharically-Lirked Push-Towed OGTBs: These OGTBs
have little to offer over their 1loosely-lirked counterparts.
They are a 1little more fuel efficiert sirce the tug ard barge
hull lires are desigred for smoothress. They are also certair to
be capable of push-towing ir all ocear sea states, which has yet
to be proved for the loosely-lirked desigrs. And, they probably
are somewhat safer sinrce they have larger crews ard the tugs are
built under Coast Guard inspectior. However, these improvemerts
are achieved with a large increase ir the system's capital ard
marring costs which result from the tug beirg built and marred
under Coast Guard supervisior. It would seem that these margiral
improvemerts would orly be warranted ir very long trans-ocear or
trars-coastal trades. For these trades the increased fuel effi-
cierncy ard safety would be most important. The 1larger crews
would also be useful for hardlirg the prevertative and casualty
mairterarce that would rormally be dore by shoreside personrel
for the other OGTB systems.
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Ships: Ships are ce'vatly the most fuel efficiert of all these
systems. Their hull 1lires are desigred for the greatest
hydrodyramic efficiercy. This would make them most suited for
the same types of trades for which the mecharically-lirked OGTHs
are most ecoromic. But, whether these fuel savirgs are worth the
additioral capital ard marrirg costs ircurred by ships over those
ircurred by mecharically-lirked O0OGTBs of equivalert size ard
speed is subject tO careful ecoromic aralysis. (3) Corsideratiorn
must be giver to the usefulress with respect to safety ard for
mairterarce of the 1larger crews onrboard ships. Or the other
hard, corsiderationr must be giver to the additioral flexibility
of operatior available with OGTBs--particularly the ability to
operate ir a drop-ard-swap mode. The ecoromic ramificatiors of
such flexibility is explaired ir the rext sectiorn.

As of today, more ard more mecharically-linrked OGTBs are
being conrstructed instead of ships for lorg distarce trades.
This indicates that at this time they are more ecoromical to own
ard operate thar ships of small unit capacity (<100,000 DWT) and
moderate speed (<20 KTs). For the large urit capacity and faster
trades, however, ships still have ro competitior.

(3) Ore mecharically-l1irked OGTB operator estimates that the
operatirg experses for a 35,000 DWT/11,000 HP system would be U0%
less thar the equivalent conventioral ship operatirg at the same
speed.
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2.2 Ecoromic Comparisor of OGTB Operatior ir the

Drop-ard-Swap Versus Irtegral Mode

Ir the previous sectior ar ecoromic comparisorn of the dif-
ferert .0GTB systems ard ships was made, primarily based on
tug-barge operatior with the tug remairirg with the barge at all

times. This is because almost all OGTBs except for a few of the
pull-towed anrd st gereratior OGTBs have beer operated ir this
way. However, this method of operatior does not take advartage

of the ore irherert feature that all OGTBs have that 1is rot
available to ships. That is their ability to separate the pro-
pulsior urit from the cargo carryirg urit. This flexibility car
be used to ircrease system efficiercy through increased wutiliza-
tiorn of expenrnsive propulsior urits and through the storage capa-
bility of the detached cargo urits. It may be that mary of the
current 3Ird gereratiorn 1loosely and mecharically-lirked OGTB
users, being previously experienced ir orly ship operations, have
just overlooked the potertial berefits of the separability of
their assets, or it may be that it is rot ecoromically profitable
to utilize this capability ir the trades in which they operate.
However, sirce foreigr operators such as Mitsui of Japar have
operated fleets of tugs ard barges ir drop-and-swap operatiorn for
several years, it is certainr that there are some trades for which
this mode of operatior is most ecoromical.

It is the purpose of the ecoromic model developed ir Appen-
dix D to irvestigate urder just what corditions the separability
feature of O0GTBs should be utilized. Wher the model's output
irdicates that there are few existirg or potential trades where
this feature may be used, ther it would be expected that the eco-
romics for OGTB 1irtegral mode operations discussed in the last
sectior would solely apply. However, wher the model's output
indicates that there are mary trades which could take ecoromic
advartage of this feature, ther it might be expected that OGTBs,
especially of the mecharically-lirked desigr, would displace
ships ir these trades.

2.2.1 Detailed Descriptionrn of the Differert Modes of Operatiorn

As it is the separability feature of OGTBs that make them
more versatile thar ships, more mertior should be made or how
this feature can be profitably used. The major Dbenefit 1s the
same as that erjoyed by tractor trailers over sirgle unit trucks.
That 1is, the propulsior wunit (tractor or tug) car be detached
from the cargo urit (trailer or barge) while the cargo unit is
used for 1loadirg, discharging, or storage. It then can be used
for transportinrg arother <cargo unit that 1is available for
movement. This method of operatior, the drop-ard-swap mode, ob-
viously ircreases the utilizatior of the costly propulsior unit
as compared to the irtegral mode of operation in which the pro-
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pulsior urit always remairs with the cargo urit. However, as car
be scer ir the simple port pair system showrn in Figure 2.7, the
drop-ard-swap mode will require at least two more barges thar
tugs ir a balarced trade or at least ore more barge thar tugs ir
ar urbalarced trade (where the tug remairs with the barge ir ore
port). Certairly, the drop-ard-swap mode would be of most bere-
fit ir those trades ir wnich loadirg/dischargirg times make up a
sigrificart part of the voyage time. Here, ther, is the most po-
tential in ircreasing tug utilizatior, especially ir multi-tug
fleets which car ofter be scheduled so that a tug arrives with a
barge for discharge just at the time wher a burge in port has
completed its cargo operations ard is available for trarsport.
Ir this case tug utilization car approach 100%. Also, ir trades
with 1lorg port times, the barges remairirng ir port ir the
drop-and-swap mode of operatior are used essertially as floatirg
warehouses, replacing shoreside assets. Sirce port time is a
functior of the barge cargo capacity ard both termirals' 1loadirg
ard dic hargirg rates, and sirce sea time is a functior of port
separativr distarce and OGTB speed, these four parameters are
critical 1ir determirnirg whether the drop-and-swap mode should be
used over the integral mode. Because the cost relationrships that
are functions of these parameters (e.g., fuel cost is a furnctior
of the tug-barge size ard form, OGTB speed, ard port separatior
distance) are rather complicated, it is rot irntuitively obvious
when ore mode 1is superior to arother. A systematic aralysis,
such as that performed by a computer, is required to determinre
where the tradeoff point 1is for the modes. A computer model
desigred to do this aralysis is briefly described in the follow-
irg subsectior.

2.2.2 Brief Descriptior of the Drop-ard-Swap Computer Model

The ecoromic tradeoff aralysis betweer drop-anrd-swap ard
integral mode OGTB operatiorn is accomplished by the computer mod-
el described 1ir detail ir Apperdix D. This model aralyzes the
simple port pair trade showrn in Figure 2.1. This case was chosen
sirce it is the simplest ard is appropriate for mary of the bulk
trades (repetitive voyages from the same loadirg port to the same
discharginrg port). This port pair trade car be defired esser-
tially by three sets of parameters: (1) port separatiorn
distarce, (2) termiral loadirg ard dischargirg rates, and (3) an-
rual cargo flows between ports.

Giver the specifics of the trade, the model ther determires
the barge size (and form) and OGTB speed that will yield the mir-
imum required freight rate (rfr) for both the integral ard
drop-ard-swap modes (balarced and unbalanced). The rfr |is
defired as the freight rate that should be charged for a unit of
cargo that will recover all capital ard operatirg costs plus a
desired level of profit orn a present-valued discounted cash flow
basis (taxes anrd depreciation igrored). Although specific
details or how these costs are obtained is givern in Apperdix D
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ard  Kaskir (1979), some mertior aboul the gereral assumptiore
used ir obtairirg them is giver here so that the reader carn  ap-
preciate the results presenrted ir the rext sectior without read.
iry the Apperdix. Specifically, with respect to capital and
operating costs the followirg was assumed:

1. Barge capital costs were assumed to be a direct furctior
of Dbarge hull weight with the additior of outfit cost determired
via a regression equatior fourd ir George G. Sharp (1975). The
hull weight as a furction of barge size ard form was obtaired via
regressior equatiors developed from output of the barge design
program preserted ir Kaskir (1979). This program is applicable
to sirgle-skir tank barges joired by a 3rd gereration semi-rigid
lirkage to the tug. These types of barges were used since they
are the simplest to model arnd since they are most prevalert of
the large OGTBs ir use. The semi-rigid rather thar rigid lirkage
was used sirce 1t results in less stringent scartlirg
requiren. nts under ABS rules, .and ir less barge cost. Mechariceal
rather thar 1loose 1lirkages were used sirce the tugs with these
lirkages might be more appropriate for military operatiors that
could demand larger crews ard more redundart ard safe machirery.
However, the model can easily be modified to take ir accounrt
loosely-lirked desigrs if desired. This rather complicated ap-
proach was taken sirce ro reliable barge cost estimate could be
obtaired from the little available data or OGTBs. 1Ir additior,
the variation ir hull weight as a function of barge form
parameters provided by the subprogram is needed for weighirg the
capital versus operating cost aspects of a barge form.

2. Tug capital costs was determired via a regressior equation
fourd ir George G. Sharp (1975) ard adjusted to corform with
prices reported ir recert trade 1literature anrd goverrment
publicatiors. Sirce mary tugs have beer built recerntly, this ap-
proach seemed reasorable. Some adjustmenrt is made for the cost
of the 1lirkage, which 1is not extraordirary for semi-rigid
lirkages.

3. Storage capital costs were calculated for o0il storage
tarks., The costs were based or recent cost figures provided by a
major oil companry.

4, Tug fuel costs were determired as a furctior of tug-targe
resistarce ard voyage duratior. Tug-barge resistarce, a furnction
of barge form ard speed, was determired with the wuse of
full-bodied, bulbous bowless, single-screw tark barge resistarce
data. This was the only series resistarce data that could be
fourd to approximate OGTB hull forms. Ar additioral 10% resis-
tarce was added to account for lirkage interferences to corform
with the estimates fourd in Robirsor (1976).

5. Other operating costs were calculated by wusirg the
equatiors fournd ir George G. Sharp (1975) ard ther irflatirg them
to yield a currert estimate--for 1 Jaruary 1979.
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6. Port facility coste were rot considered.

Although the ecoromic model has beer specifically developed
for the tark buarye casce, it should still be irdicative of costs
for other bulk trades. Barge outfit cost would probably be the
orly major change o other trades. Thus, any results obtaired
from the tark barge model, evern for trades with very lorg port
times which are rot usual for o0il barge trades, should rot be in
great error.

2.2.3 Base Case Kesults of Computer Model

At this poirt we corsider what car be 1learred from the
model. To do this, the model was rur for five ore-way trades
with ar ual cargo flows of. 100, 000; 600, 000; 1,000,000;
6,000, 00u; ard 10,000,000 lorg tors. The user specified irputs
ard the values of the semi-fixed parameters used 1ir these rurs
are shown in Table 2.3 ard Figure 2.2, respectively.
Essertially, ir these base case runs the model finds the optimum
barge size, speed, and form withir the system parameter rarges
specified ir Table 2.4 for port pai~ trades with port separatiorn
distarces of 500, 2000, 3590 ard 5000 rautical miles (NM) ard for
a reasorable rarge of loadirg/dischargirg rates. Ir these base
case trades, it 1s assumed there are ro draft or beam
restrictiors. Barge 1lergth, however, is limited to 750 feet
sirce the ABS rules used ir the barge desigr model are applicable
orly to barges less thar this lergth. Additiorally, barge size
is 1limited to 100,000 DWT sirce this is the maximum size that
desigrers have ever corsidered for Dbarge cornstruction. (4)
Firdlly, it 1is assumed that there are ro costs associated with
termiral loadirg/discharging or storage facilities. The value of
the cargo is assumed to be $200 per lorng tor ard the other cost
parameters are as discussed ir Apperdix D.

Graphical output from these rurs of the required freight
rate as a furctior of loadirg/dischargirg (L-D) rate for four
port separatior distarces (500, 2000, 3500 and 5000 rautical
miles) is showrn in Figures 2.3-2.7. The printed outputs from
these runs are volumirous ard so carrot be irncluded here.
However, some of the results, ircludirg the rarge of optimum
barge deadweights and tug speeds, have beer extracted ard
preserted ir Table 2.5, Ir additior, some observatiors that car
be made corcerrirg all the runrs are preserted ir the next
subsectior. This is followed by a discussior of points of irter-

(T) The largest barge currently 1ir operatior 1s the Breit/lrgram
tug-barge system Presque Isle of &3,000 DWT operatirg on the
Great lLukes. The largest ocear-goirg barge will be the 55,000
DWT tark barge being built for Belcher 0il.

2-21




¥y

o ixdrs B e s ey

S — e - — - - - - v

o't S0 z°0 10°0 000°g 0051 000°0T o
auoN 0°91 0°¢ 9°9 v8°0 000001 000°S 00008
0°8 0°¢ 0°9 LL*O 000*0€ 00§ 000‘0T  000‘000°‘0T
01 S0 z°0 1070 000°g 00S'T 0008 o
auoN 0" %1 0°¢ 9°9 v8°0 00000T 000‘s 000‘vS
0L 0°2 0°9 LL*O 000‘S 005 0009 0000009
01 S0 z°0 1070 000°g 0051 0002 0
auoN 0°€T 0°¢ 9'9 v8°0 000’001 000'S 000’ ¥T ~
0°9 0°¢ 0°9 LLO 000°S 00§ 000‘2 000°000°T o
o
0°1 R z°0 10°0 00§‘C 0051 000°¢C o
suoN 0°€T 0°€ 9°9 ¥8°0 000‘0L 000°S 0002
’ 0°9 0°2 09 LL*O 000°S 00§ 0002 000009
0°T ) z'0 10°0 0052 0051 00s'1 o
suoN 0zt 0°€ 9°9 v8°0 00005 000‘s 000’01
0°9 02 0°9 LL"D 000°S 008 000°T 000°00T
poadsTep 3d1ep  qIIep  9oiep JMPTOP  3ISTPTP EEEESET ZeaemoT3e
SIojauried mv@@ﬂmmxme JqXeu gqixeu qoxeu IMmpxeur 3ASTPpXEW Ijraxevu
POXTJTWSS ©3 sabuey)y  posdsutu IquTw qrutw qouTtw IMPUTW  JISTPUTW ajeauTw 12AeMOT IR

suny ose) eseg ur posn sindul Jo Axeuums

€°C d19eL




This is the semi-fixed parametric data file.

tugopdays
bargeopdays

tlink (hrs)
tunlink (hrs)
servmargin
fuelmargin

sfe (1b/HP-hr)
cfuel ($/LT)

clube ($/gal)
nrerew

cwag’s ($/yr)
csubs ($/yr)
csteelt ($1000/LT)
coutfitt ($1000/LT)
csteelb ($1000/LT)
coutfitb ($1000/LT)
ltug (ft)

wmise (LT)

aother ($/yr)
admin ($/yr)
efixporti ($/call)
cfixport? ($/call)
cvarport?l ($/DWT)
cvarport? ($/DWT)
cfixterm ($/DWT-day)
cvarterm ($/DWT)
cfixstor ($/DWT)
cvarstor ($/DWT)
delay1l (hrs)
delay? (hrs)

maxl (ft)

maxb (ft)

maxtl (ft)

maxt2 (ft)

disrate

econlife (yrs)
inflafectr

vecargo ($/DWT)

350,00
350,00
4,00
4,00
0.20
0.20
0.36
0.09
1.75
16.00
65000, 00
3500.00
2.94
15.08
1.10
12.82
140,00
460.00
30000, 00
150000. 00

EEOO0O0O0ODOOO
(@] Q
o -]

Base Case Values For

Semi-Fixed Parametric Data

Figure 2.2
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Table 2.4

Ranges for System Parameters

: 0.298 Tug Spced

F
n/Two-Barge Length

Parameter Lower Upper Restrictions/ Reason for Bound
Bound Bound Comments
Barge DWT 9,000 80,000 Sharp (1979
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)

Valid range for re-
sidual resistance

4 2-24

coefficients
Barge CB* 0.775 0.835 " " "
0.75% 0.85 Reduced confidence
range
Tug-Barge L/8 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 confidencq 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 pertair to an individual rur. Ard, this is followed by
some corclusiors that car be drawn from the whole series of base
rurs. .

Gereral Observatiors Pertairirg to All Base Case Rurs

The following ¢gereral observatiors car be made after
examirirg the prirted output of the base case runs:

1. The optimum barge form for all the port pair trades heas
the smallest allowable 1lergth-breadth (6.0) ard breadth-draft
(2.0) ratios. These ratios result in the shortest barge with the
least amount of hull steel for a giver deadweight capacity.
Apparertly, at the slow speeds that these tug-barge systems
operate, the capital cost savirgs achieved by corstructing short,
blunt barges outweigh any cost peralties associated with the
higher residual resistance of these forms.

2. The optimum block coefficiert for all the port pair trades
varies from 0.78 to 0.81. The 0.78 value is wusually associated
with tug-barge wurits advarcing at elever krots or faster while
the 0.81 value is usually fournd with systems advarncing at rire
knots or slower. However, for small tug-barge urits, less thar
15,000 DWT, a block coefficiert of as low as 0.78 may be fourd
for speeds as low as nire krots.

3. Port pair trades with lorger port separatior distarces ard
faster L-D rates usually have optimum systems with larger barges.

B, Port pair trades with lorger port separation distances ard
slower L-D rates usually have optimum systems with a greater rum-
ber of tug ard barge units.

Observatiors that are peculiar to ar irndividual base case

ard rot already summarized ir Table 2.5 are preserted iv the fol-

lowirg four subsectiors.

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

Wher arnual cargo flows are as low as in this case, all of
the cargo can usually be moved less expensively ir a single small
barge operatirg ir the ship-1like integral mode. The
drop-ard-swap mode is not competitive due to the extra barge or
barges needed to be statiored ir port. As car be seern from Fig-
ure 2.3, the onrly time that the drop-ard-swap mode carn be of ad-
vantage is wher L-D rates are very low (less thar 2000 LT/day) ir
trades with lorg port separatior distarces. In these trades, the
extersive in-port time forces integral mode operations to require
more thar ore tug urit to hardle the arrual cargo flows. This
makes integral mode operation urcompetitive compared to
drop-ard-swap mode operatior with orly one tug.
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Base Case Results: Arrunl Cargo Flows of 690,000 ard 1,000,000 L7

Both of these cases are similar irn  that for port pair
trades with low L-D rates, the drop-ard-swap mode will be less
expersive. Conrversely, for those trades havirg high L-D rates,
the irtegral mode will be less expersive. As seer in Figures 2.4
ard 2.5, the major differerce betweer these cases is that for the
1,000,000 LT case, the L-D rate tradeoff points are usually
larger thar for the 600,000 LT case. It was observed from both
cases that for a giver port separatior distarce, the L-D rate
tradeoff poinrt betweer the two modes usually occurs wher the op-
timal irtegral mode begirs to require orly ore more tug thar the
optimal drop-ard-swap mode. Then, above the tradeoff L-D rate,
the extra cost of the barges needed to remain ir port for
drop-ard-swap mode operation begir to outweigh the capital cost
savirgs resultinrg from the ore fewer tug.

i

Base Cas: Results: Arrual Cargo Flows of 6,000,000 LT

As seer irn Figure 2.6, for this case the drop-ard-swap mode
Wwill be the most ecoromical method of operatior for all port pair
trades with port separatior distarce greater thar 3500 NM. Tnis
is because with 1large cargo flows, the savirgs resultirg from
economies of scale push the optimum barge size to the upper cor-
strairt of 100,000 DWT. Due to this corstrairt, the optimum rum-
ber of integral tug-barge units carrot be reduced (at ecoromical
speeds of operatior) sufficiently fewer thar the rumber of
drop-ard-swap tugs to make the 1irtegral mode ecoromically
competitive. Thus, wher barge size is corstraired, the higher
tug utilization at a giver speed achieved by the drop-ard-swap
mode of operatiorn outweighs ary barge capital cost savirgs irher-
ent ir the irtegral mode. For the shorter port separatior dis-
tance (500 ard 2000 rautical miles) the barge size is rot birding
so that the integral mode does become more ecoromical, but at
comparatively high L-D rates. It should be roted that wher barge
size is rot birding the optimal system speeds vary betweer severn
ard elever krots, However, wher the barge size approaches the
upper limit, the optimum irntegral mode speeds become as high as
thirteen krots.

Base Case Results: Arrual Cargo Flows of 10,000,000 LT

In this case the barge size corstraint causes the
drop-ard-swap mode to be the operatirg mode of choice for all
port pair trades except for some with port separation distance of
500 NM. For those trades, the irtegral mode will be favored wher
L-D rates exceed 45,000 LT/day. Agair, it should be nroted that
barge size constraints have forced the optimum irntegral mode
systems to operate with speeds of up to fifteer knots.

2-32




Corclusiors From Base Case Rurs

After reviewirg ull the ouput from the base case runs, a
few gereral corclusions car be drawrn concerring tug-barge systems
operatirg orn a port pair trade ir either the drop-ard-swap or ir-
tegral mode. The major corclusionrn is that port pair trades can
be broker up irto three groups, primarily based or the amourt of
arrual cargo flow ard secordarily based or the port separatior
distarce. These groups are 1) trades for which the irtegral mode
will be the operatirg method of choice for all L-D rates, 2)
trades for which the drop-ard-swap mode will be the operatinrg
method of choice for all L-D rates, anrd 3) trades for which the
drop-ard-swap mode will be optimum for low L-D rates ard the ir-
tegral mode will be optimum for high L-D rates.

The first group corsists of trades with arrual cargo flow
requiremenrts less thar the tor-mile capacity of a sirgle small
(less thar 25,000 DWT) tug-barge urnit operatirg at ar ecoromical
speed (6 to 9 krots). 1Ir these trades, since all the cargo car
be easily trarsported ir a single tug-barge urit, the higher tug
utilization available from drop-anrd-swap operatior is
unrecessary. Thus, the irtegral mode will always be the
operatinrng method of choice ir these trades.

The secord group corsists of trades with arrual cargo flow
requiremerts much greater thar the tor mile capacity of two or
more tug-barge urits of maximum carryirg cocpacity. The cor-
straint or barge size preverts full use of ecoromies of scale it
the integral mode of operatior. This, ir turrn, preverts opera-
tior ir the irtegral mode at ecoromical speeds with sufficiertly
less capital equipment to make up for the ircreased tug utiliza-
tior savirgs irherent irn the drop-ard-swap mode of operation.
Thus, the drop-ard-swap mode will always be the operatioral mode
of choice ir deadweight constraired trades.

The third group consists of trades rot fallirg withir the
first two groups. Tnat is, trades for which arrual cargo flows
are too large to be carried in ore tug-barge urnit but too small
to be carried 1in several maximum sized urits. It is for these
trades that there will be a L-D tradeoff poirt below which the
drop-ard-swap mode ard above which the integral mode will be the
operatioral method of choice.

In gereral, for trades with greater arnual cargo flows ard
lorger port separatior distances, this tradeoff poirt is at
greater L-D rates. This is because these trades demand more
tor-mile trarsport capacity which car be mel by either ircreasirg
the number or size of the tug-barge urits. If the number of
urits is increased, ther the additioral barges that must remair
ir port in the drop-ard-swap operatiors become less sigrificant.
If the barge size 1is ircreased, the ircrease for the
drop-ard-swap mode operatior will be less thar for irtegral mode
operations due to the higher tug utilizatior efficiercy. Ir ei=-
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ther case the drop-ard-swap mode is favored in these trades more
thar the irtegral mode.

It should be mertiored that trades with very short port
separatior distarces (i.e. &K00 NM) have L-D tradeoff poirts at
highe» values thanrn for lorger distarce trades. This 1is because
the percertage of the Lotal voyage time spernt ir port (about 40%
at the L-D tradeoff poirt) is large for these trades, favorirg
the higher tug utilizatiorn efficiercies achieved by drop-ard-swap
mode of operation.

From the base case runs, certain corclusiors car also be
drawn conrcernirg the form ard speed of the optimum barge. It
appears that since the Froude rumber is so low (less thar 0.76)
at the optimum tug-barge speeds of sever to elever krots that re-
sidual resistanrce does not have much sigrificarce. Thus, optimum
barge forms have the greatest draft ard breadth possible to re-
duce the lerngth; ard, corsequenrtly, the barge capital cost. This
savirg outweighs ary resistarce peralty causced by the blurnt barge
forms. The orly corcessior made for the effect of resistarce 1is
with respect to block coefficient. For tug-barge speeds greater
thar ter krnots finer lires are required while blunter 1lires are
suitable at slower speeds.

2.2.4 Sersitivity Rurs of Computer Model

Sersitivity runrs were made to see the effect or required
freight rates and L-D rate tradeoff poirts of charges ir some of
the semi-fixed parameter values used 1in the base case rurs.
Specifically, charges to the value of the cargo, the shoreside
storage costs, and the maximum barge draft were investigated.

Due to the cost of these rurs, an exhaustive set, ircludirg
a wide rarge of variatior of a sirgle parameter or combiratior
of parameters, could rot be made. However, the rurs whose irputs
are giver irn Table 2.6 should give ar irdicatior, although rot
cornclusive, of the effects of charges to their values. Ir the
three subsectiors that follow, ar aralysis is made of the output
from the sersitivity runs.

Sersitivity Rur: Charge ir Cargo Value

A sersitivity rur was made to see what effects a charge in
the cargo value from $200 to $0 per long tor would have or the
1,000,000 LT anrual cargo flow base case. As seer ir Figure 2.8
ard Table 2.7, this reductior ir cargo value reduces the required
freight rate by 1less than $.20 for trades with port separation
distarce of 500 NM to over $1.00 for trades with a port separa-
tior distarce of 5000 NM. As to be expected, the reductior is in
proportior to the port separatior distarce, which is indicative
of the sea time ard-the time value of the cargo. It was also
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Table 2.7

Tabular Summary for Sensitivity Runs

Port SENSITIVITY RUHN PARAMETERS
Separation ’ .
Distance
. A . aflowavels ’ aflowavels= : aflowvavels i aflowavel=
“‘“;I‘;“ OQUTPUT PARAMETERS 1,000,000 11,070,060 6,009,050 | &,000,000
es) Base Case | vcargo = 0 Pase Case H cfixstor=4R
"
500 RFR at Specified L-D rate, Cs&5 mode $ 6.8% 92000 $ A.71 22000 $ 3.87 26200 $ 3.87 RE000
RFR at Specified L-D rate, Integral mode ; 13.84 " 13.69 - 7.7 " 7.94 "
RFR at Specified L-D rate, Dss mode 5.49 212000 $.32 @12000 2.55 853000 2.55 @54000
RFR at Specified L-D rate, Integral mode . 4.65 - 4.47 . 2.17 - 2.30 "
RFR at L-D Rate Trideoff Point About $5.55 about $5.35 | About $2.68 About $2.65
D&S/Integral mode L-D rate Tradeoff |Between Betwran BetwenRn Between
Point (LT/day) 8000 & 1000C 8000 & 10000 30000 & 38000 30000 & 38000
% Port Time is of Total Voyage Time ¢
at L-D rate Tradeoff Point ] 72-59 59-37 45-39 45-39
2000 RFR at Specified L-D rate, D&5 mode !$14.35 Qe2c00 §14.31 2001 $ 8.35 Q6000 $ 8.35 @r000
RFR at Specified L-D rate, Intecral mnde ! 21.48 d 21,23 " 16.03 " 16.45 n
FFR at Specified L-D rate, T\5 moda 10.46 212000 9.56 212060 6.17 @54000 6.17 RS4000
PFP at Specified I-D rate, Intejral rode ! R.79 h 8.27 - 5.84 " 6.03 .
RFR at L-0 Rate Tradecff Foint i 11.67 11.13 €.14 6.15
D&S/Integral mod. L-D rate Tradeoff Near 6,000 Near 6,000 Near 138,000 Between
Point (LT/day) 38,000 & 3€0C9
% Port Time is of Tctal Voyage Time
at L-D rate Tradecff Point 49 49 23 23-19
3500 RFR at Specified L-D rate, Di$ mcde $19.91 22000 | $19.16 @2000 | $12.08 26000 $12.08 26000
RFR at Specified L-3 rate, Integral mode 26.R2 " : 25.82 - 24.28 " 24.84 ¢
RFR at Specified L-0 rate, D&5 mode 15.03 212000 14.12 912000 9.3% @a54000 9.85 Q54000
RFR at Specified L-D rate, Integral mode 13.25 " 12.24 " l0.08 - 10,26 *
RFR at L-D Rate Tradeoff rPoint 15.85% about $14.50 -—— -—
D6S/Integral mode L=D rate Tradeoff Between Batween None :D&S mode None: D&S mode
Point (LT/day) 4000 & 6000 6000 § 8000 alwavs always
% Port Time is of Total Voyage Time favorable favorable
. at L-D rate Tradeoff Point 48 48-36 —— ——
5000 f
PFR at Specificd -0 rate, D&S ende $24.5€¢ 32030 1 523.26 €2000 $15.31 @€300 $15.31 2€000
FFR at Spccifind L-n =ate, Inteqral mode 31.642 " 29.99 37.28  * 37.79 ¢
RFR at Specified L-D rite, D&S mode 18.55 212000 17.31 @12000 12.97 354000 12.97 €%4000
RFR at Specified L-D rate, Integral mode 16.07 " 15.50 " 15,43 - 15.61 ”
PSR at L-D Rate Tradeoff Pnint About $13.2S | About $17.95 ——— -
DsS/Integral mode L-D rate Tradeoff Between Between None: D&S modd None: D&S mode
Point (LT/day) 6000 & BOCO | 6000 & 80CO always always favorable
A Port Time ia of Total Voyage Time favorable
at L-D rate Tradeoff Point 36-32 32- 24 T me- ==




Table 2.7 .....C

ont.

Tabular Summary for Sensitivity Runs

Pore | | SENSITIVITY RUN PARAMETT®S ?
Separation .
Distance aflowavel=s I asflowavel= | aflcwaveia aflowavels |
(Nautical OUTPUT PARAMETERS 1,000,000 ! 1,000,000 ! 1,000,000 i 1,000,000 |
Miles) cfixstor=48 cfixstor=48 | cfixstor=4a | !
cvastor = 1| maxtl=18 maxtisly |
500 RFR at Specified L-D rate, D&S mode IS 6.85 22000 $ 5.65 @3000 .S 5.65 @3000 $ 6.85 @320C0 !
RFR at Specified L-D rate, Intearal mode ;14.18 " 11.61 " 10.61 - 13.84 - |
RFR at Specified L-D rate, DiS mode i 5.49 212000 5.49 €1z0C0 5.52 412000 5.52 212000 ‘
RFR at Specified L-D rate, Integral mode | 5.04 " 6.09 " 5.36 5.97 -
RFR at L-D Rate Tradeoff Point 5.48 -—— About $5.50 [Abouz $5.55 '
DsS/Integral rode L-D rate Tradeoff Near 10000 None: D&S Model Near 12000 Between '
Point (LT/day) always 10200 & 12000
% Port Time is of Total Voyage Time favorable
at L-D rate Tradeoff Point $7 - 48 48-29
| i
2000 RFR at Specified L-D rate, Di$§ mode {514.85 22000 |[£12.50 Q3000 $14.43 23000 iSlG.OS 22C00
RFR at Specificd L-D rate, Integral rede | 22,31 " ‘ 16.35 d 19.47 - i22.84 " |
RFR at specified L-D rate, L[&S rode | 10.46 212000 | 10.46 12000 12,84 212000 12.84 212007 ‘
RFR at Specifi<d L-D rate, Intrgral mode | 9.37 bpr0s - 12.39 " 12.65 " ;
RFR at L-D Rate Tradeoff Point ! About $10.70 l Atout $10.00 About $12.80 |About $513.45 !
D&S/Integral mode L-D rate Tradeoff Between Between Between Between (
Point (LT/day) 10000 & 12000 ‘ 18000 & 21000 9000 & 12000 ;K000 § 8200
A Port Time is of Total Voyage Time
» at L-D rate Tradeoff Point I 48-29 | w2 32-24 37-32
_n ! : 1
N t
3500 RFR at Specifind L-D rate, D&S mode {$19.91 22000 {516.34 03000 $20.11 83000 [$22.90 R2C00
RFR at Specified L-D rate, Integral mode i 27.95 " | 23.01 " 26.72 " { 30.89 - H
RFR at 3pecsfied L-D rate, D&S rmode ; 15.03 @l20¢0 I 15.03 €12000 | 18.85 @120n0 ! 18.85 212000 i
RFR at Specified L-D ra:e, Integralmode ; 14.C4 ! 15,04 " 18.79 * ' 18.2 " !
RFR at L-D Rate Tradeoif Poant About §5.30 fbout 15.04 about 19.00 About $20,000 |
D&S/Integral mode L-D rate Tradeoff Near 8000 12000 Between Between !
Point (LT/day) 6000 & 12000 | 6000 & 8000 |
\ Port Time is of Total Voyage Time
at L-D rate Tradeoff Point 36 24 24-17 26-24
! 2
5000 RFR at Specified L-D rate, D&S mode $24.56 82000 1521.24 #3000 $25.10 @3000 .[529.72 Q2000

RFR at specified L-D rate, Integral mode 33.00 "
RFR at Specified L-D rate, D&S rode 18.5¢ 912000
RFR at Specified L-D rate, Integral mode 17.20 "
RFR at L-D Rate Tradeoff Point About §19.00
D&S/Integral mode L-D rate Tradeoff Near 8000
Point (LT/day)
A Port Time is of Total Yoyaqe Time
at L-0 rate Tradcoff Foint 36
2-38

29.35 " l
18.55 A12000
20.20 "

About $18.05

Near 15000

!
!
'
19 '

32.87 "
24.25 412000
24.28 -
About $24.25

12000

17

39.44
24.25 @12630
23.72 o

About 24.60

Between
8000 & 10000
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rotviced that in the base case run, that the optiuum system spoeeds
would somctimes be ore, Ltwo, or ever three krots faster than the
sersitivity »ur. 7This corfirms what 1is to be expected, that
higher cargo values result irn  higher optimum system speeds.
Thus, it is seer thut urless the time value of cargo is ircluded
ir  ary  trarsportaltior system optimizatiorn model, the transport
vehicles will be optimized at too slow a speed.

Sersitivity Rurs: Charges to Shoreside Storage Costs

Two sersitivity runs were made to determire what effects
the 1irclusior of shoreside storage capital corstructior costs of
$UB per lorg tor storuge capacity (5) would have or the 1,000,000

ard o,Cuu, 000 lorg  tor arrual cargo flow base cases. Ir
additior, a rur was made to determinre the effect or the 1,000,000
lorg to base case wWwher a $'.00 per long tor storage facility

throughput charge was also included.

It would be expected that sirce shoreside storage costs are
applical .- to the irtegral mode orly, the irclusior of such
costs  wWwourd fauvor the drop-ard-swap mode of operatior. This

expete: resuit is corfirmed by the graphical ard tabular output
of v o vurs preserited in Figures 2.6-2.11 ard Table 2.7. From
Lot : it 15 seer  that the effect of the capital cost of
Shove L. v or o Lhie irtegral mode becomes more prorourced
Wil . v = pary separatior distarces. This is because these
port ;. wrotes deonard  the larger barges ard corsequernrtly,
Parser v omre eyxrersive storage tarks. (6)  Also, the effect of
sLo . ‘v osner ir trades with low L-D rates since these
Lrades v pulte wmove  shoreside loading and dischargirg terminal
faciiiti- . Lo nardle the arrual cargo flows.

The conbired results of both of these effects is that the
L-D tradcoff poirt is shifted to higher values, especially for
trades witn lorges~ port separatior distarces arnd that the advan-
tage the drop-ard-swap mode has for trades with low L-D rates
becomes more prorourced.

(5) Tnis value for storage capacity capital costs was obtaired
from a major 0il compary ard is irdicative of 0il tarkage con-
structior costs for large tarks as of January 1979. Also, the
model assumes that the amourt of shoreside storage capacity for a
giver port pair trade is equal to the product of the rnumber of
termiral facilities ir the port times the deadweight of the opti-
mum barge operatirg ir the integral mode for that port pair
trade.

(6) For the 1,000,000 LT arnual cargo flow trades, the presert
valued arrual capital charges for storage amourt to approximately
$0.0564 per 10,000 LT of tarkage and cargo flow,.
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X -- DROP-AND~SWAP MODE

4 -- INTEGRAL MODE

KEY

.11

2

Figure

Terminal L-D Rate

Plot of RFR Vs.

Annual Cargo Flow of 1,000,000 LT

with Storage Facility Capital Cost of $48/LT
With Storage Facility Operating Cost of $1/LT

Sensitivity Run
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"

The additior of the $1.00 storuge operatirg cost favors the
drop-ard-swap mode evenr morne thar the storage capital costs.
This is because it essertially ircreases all the irtegral mode
trades' rfr's by $1.00, equivalernt to the arrualized capital cost
for over 175,000 LT of tarkage. As scer by comparirg Figures
2.10 ard 2.1%'1, this results ir 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 separatior dis-
tarce of 500 NM, where the inrtegral mode has rfr's ornly
margirally lower thar the drop-and-swap mode at high L-D rates,
the irclusior of the operatirg storage costs increases the irte-

. gral mode rfr so much that the drop-ard-swap mode domirates for

all L-D rates. Since the differerces between the drop-ard-siap
ard irtegral rfr curves is more prorourced with large port sepa-
ration distance, the tradeoff poirt shift is not as great for
these trades. However, it is apparert that if shoreside storage
costs are ircluded inr the ecoromic aralysis, the trades for which
the drop-ard-swap mode will be optimal will be extended to those
of sigrificantly higher loadirg/dischargirg rates.

Sersitivity Runs: Irclusior of Port Draft Limit

A sersitivity run was made to investigate the effects that
a draft 1limitatior would have or the 1,000,000 LT arrnual cargo
flow base case. Additiorally, arother rur was made to see if a
similar effect occurred in the 1,000,000 LT trades wher a $48 per
lorg tor storage termiral «capital cost was included with the
draft limitatior. The graphical ard tabular results of these
rurns are shown in Figures 2.12 and 2.13 and Table 2.7.

Comparinrg these figures with the unrestricted draft cases
showr ir Figures 2.5 and 2.9, it was observed that there was 1lit-
tle effect or trades which were optimized with small barges,
those of less than 450 feet or 25,000 DWT. However, the effect
Wwas very pronounced in those trades which ir the unrestricted

draft case would be optimized with 1large barges. Ir  those
trades, both the drop-ard-swap anrd integral mode rfr's were
increased by several dollars. This 1is because the draft

restrictiorns forced the optimum feasible barges of a giver dead-
weight capacity to have greater lergths ard, corsequertly,
greater capital cost. Additiorally, sinrce barge 1lergth was
constraired to be less thar 750 feet, the maximum barge size was
limited to less tharn 65,000 DWT. This forced those trades which
were optimized ir the unrestricted draft cases to obtair the rec-
essary torn-mile capacity by either ircreasirg the speed of the
tugs or the number of tug-barge units in operatior-~both
requiring the rfr to increase ever further. The draft limitatior
affects both the drop-ard-swap and irtegral mode trades.
However, sinrce the majority of urlimited draft port pair trades
are optimized with 1larger barges 1in the irtegral thanrn the
drop-ard-swWwap mode, the effect is somewhal greater for the irte-
gral mode. Thus, the L-D trade-off point is shifted to somewhat
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With Storage Facility Capital Cost of $48/LT
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higher values 1ir the lorger distarce trades where larger bargces
are predomirart. Nevertheless, the shift is rot very great.

Gererally, it is seer that port draft restrictiors are
very costly ir trades which have large arvrual cargo flows ard/or
lorg port separatior distarces ard thus would rormally take ad-
vartage of the ecoromies of scale irherert in large barges.
These trades, however, are slightly more favorable to the
drop-ard-swap mode of operatiornr.

2.2.5 Summary of Computer Model Results

To summarize, the results of the computer model's base ard
sersitivity rurns show that the drop-arnd-swap mode of operation
will be favored irn trades where:

(1) There are size restrictiors (draft, lerngth, or beam) that
prevert the required annual cargo flows from beirg carried
or a few large deep-draft ships or integral mode operated
OGTBs.

(2) There is such a great arnnual cargo flow requirement that it
must be carried ir manry vessels. This is just (1) ir a dif-
ferent form sirce some size restrictionr causes the reed for
the large number of vessels.

(3) Shoreside storage facilities are expensive.

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

(5) Port separatior distances are very short so that port time

again Dbecomes a 1large part of the total voyage time sirce
the sea time is short.
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2.3 Future Prospects for 0GTRs

From the historical prospective ard ecoromic aralysis
presertcd previously, it has become apparert that 0GTBs have
developed primarily to take advartage of the 1less expersive
manrviryg ard constructior opportunities available to them urder
currenrt Coast Guard regulatiorns. Very few systems have been
developed to take advantage of their irherert flexibility of
separability. Thus, the future prospects of O0GTBs will depend

highly or whether these regulatiors charge ir the future. Ir
thls sectior the latest regulatory developmerts will be
discussed, ircludirg their potertial impact ovr the commercial

OGTB irdustry.

2.3.1 Currert Coast Guard Regulatory Iritiatives

Currertly the Coast Guard 1is attemptirg to charge two
aspects of the regulatory structure pertairirg to OGTBs. Ore is
with respect to tark barge cornstructior ard the other is with re-
spect to inspection of push-towed systems.

First consider tank barge construction. At this time there
are ro special regulations pertairirg to the corstructior of 0il
tark barges. They may be sirgle-skinred, double-bottomed, or
double-hulled. However, there are two differert sets of proposed
rules that have been published by the Coast Guard ir the Federal
Register ir recent morths that would charge this situatior.

The first set of rules, published ir the 12 February 1979
issue of the Federal Register, pertairs to clear product ships
and barges of greater than 30,000 DWT ard <«rude o0il ships ard
barges of greater thar 20,000 DWT. They essentially implemert
the proposed 1MCC tarker arti-pollutior stardards, summarized ir

"Table 2.8, ard the provisiors of the Port ard Tarker Safety Act

of 1978. Ircluded ir these regulatiors is the requirement for
protective segregated ballast or rew and existirg ships and
barges.

The secord set of rules, published ir the 14 Jure 1979 is~
sue of the Federal Register, pertainrs to barges of smaller size.
Ir summary, these regulatiors require that clear product barges
of less thar 30,000 DWT ard crude oil barges of less than 20,000
DWT built after 31 December 1979 have double hulls of greater
thar 24" separatior and betweer which ro product can be carried.
No existing sirngle-skir barge car be operated after 1985 after
they have reached twenty years of age urless they are retrofitted
with erd voids and a double-bottom or double-sides or unless they
are operated in restricted trades in which there would be a reg-
ligible probability of a polluting spill.
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Table

Summary of IMCO Tanker .

Construction Anti-Pollu

‘Tank Vessel Do

st encrenetion Fegtare, Veseel Tonnage, Date Required) 1

2.8

tion Rcgulations

PL
Crude | LUw
ol [[¥hY

New vessels Second radar

SBT 20 000 DW'T and over (Note 2)

10 000 GT und vver at HS (6/79) (Note 1)

Determining dates CAA
June/79 Contract date Steering
Jan./30 Kecl Laving PL. 30000 DWT

June/s82 Delivery Petroleum | SBT

products | jeo

Second radar

tand over
20 000 DWT aud over

CAA 10 000 GT and over at HS (6/79) (Note 1)

[CBT or 40 00O DW T and ov
SBT or at HM 16/51)
cow

3

er SBT or 70000 DWT and over at H.‘si + RRTYE
~——then—e| COW 4000010 TO 00 DW 'L at HM + 4 6/ »

1GS 70 000 DWT and over at HS + 2 (6/81)
- 20 000 to 70 000 DWT at HS + 4 (6/33) (Note 3)
Crude | Second radar 10000 GT and over
oil CAA at HS (6/79)
Steering 10 000 GT and over at HS + 2 (6/81)
Existing CBT or 40 000 DWT and over
vessels SBT at HM (6/81)
Petroleum | IGS 70 000 DWT and over at HS + 2(6/81)
products 40 000 to 70 000 DW'T at HS + 4 (6/83) (Nute 4)
Second radar 10000 GT and over a1t HS (6/79)
CAA
l Steering 10 000 GT and over at HS + 2 (6/81)

NOTE: Dates in () are dates by which Resolutions 1 and 2 adopted by the
waiting for entry into force of the Protocols.

1. Explanation of Terms.

CAA—Collision aveidance aids: perfurmance standards are to be de-
veloped by 7/1/79. SOLAS 74, Chapter V, will then be amended to require
CAA on all ships of 10000 G'T and over at a time to be agreed upon.

CBT-—Dedicated clean ballast tanks. Existing tankers may operate
with dedicated clean ballast tanks in accordance with the requirements
of Regulation 13 and 13A of the MARPOL Protocol. and the Specitica-
tions in Resolution 14.

COW —Crude oil washinz, to comply with the requirements of Regu-
lation 13 and 1B of the MARPOL Protacol.

DWT--Deadweight tonnase, the ditference in metric tons between
the displacement of a ship in water tspecilic gravity of 1025 at the load
waterline corresponding to the assigned summer treeboard and the dis-
glacemenl of a ship in metric tons without carzo, fuel oil, lubricating oil,

allast water, fresh water and feedwater in tanks, consumable stores,
passengers and their effects.

GT—Gross tonnage is the total measured cubic volume of a ship ex-
pressed in units of 100 cu ft with certain space exemptions.

HM-—Date of entry into turce of MARPOL Protocol tineorporating
MARPOL. 73 itself). Target date of 6751 was established by Resolution 1,
Dates in ( ) in Table 2 are dates by which Resoiuions 1 and 2 recom-
mended putting these requirements anto etfect, without waiting tor entry
into force of the Protocols.

HS—Date of entry into torce of SOLAS Protocol. Target date of 6/79
was established by Resolution 2. Dates in () in Table 2 are dates by
which Resolutions 1 and 2 recommend putting these requirements into
effect, without waiting for entry into force ol the Protocols.

Conference recommend putung these requirements into effect, withcut

'

JGS—Inert gas svstem, to comply with SOLAS Protecol, Chapter 11 -2,
Regulation 55 and 60.

. I:L—-I;;()l<:cli\~e location of sogrnlnalod ballast tanks to provide pro-
ection of cargo spaces i case of collision or grounding, to comply wit
MARPOL l’rnlu(!ul. Reculation 13K, g to comply with

SBT—-Searegated ballast tanks, to comply with MARPOL Protucul,
Regulation 13, il

Second Radar— Requirement for at least two radars, each capable of
operating independently of the other. SOLAS Protocol, Chapter V,
Regulation 12.

Stoering—‘lmpmvements to steering gear and steering gear control
svstem requirements contained in SOLAS Protocol, Chapter [1-1, Rec-
ulation Zand 29, and chanzes w operating requirements tuse of automatic
pilut, stecring testing and drill<, ete.), in Chapter V. Rezuiation 19, 19..1,
and 19-2. “Date required” ziven for existing tankers applies to modifi-
catllpns to steering gear;, operating requirements may coine into eitect
earlier.

2. An inert gas system is required whenever a tanker uses crude oil
washing.

3. Between 20 000 and 40 000 DWT, the Administration of a Flag State
may grant an exemption to the requirement tor 1GN 6 hich-capacity

washing machines tthat is, tank washing machines having an individuai |

throughput of greater than 60 cubic meters per hour) are not Hited and
the ship's design charactensties make it impracticable to tit 1GS.

4. Tonnaye limit for 1S is to be reduced to 20 000 DWT if tank washing
machines having an individual throughput of greater than 60 cubic meters
per hour are titted.
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By the way that these proposed regulatiors are currertly
Wwritter, Lhere would probably be little impact on the tark 00To
industry. The first repulations for the large vessels affect all
ships ard all types of OUTBs alike. Therefore, no system would
berefit over arother. The secord regulatiors for the smaller
vessels pertair orly to barges ard as writter are rot applicsable
to ships. Thus, it might be possible for a small self-propelled
barge to be bullt with a sirgle-skin, while a ror-propelled barge
of the same size would have to have a double-hull. However, it
is® rot 1likely that this would occur. The costs resultirg f{ronm
the ship's crew anrd propulsior machirery being urder Coast Guard
licersirg ard irspectior would certairly outweigh ary hull steel
savirgs due to single~skir corstructior. Also, as these
regulatiors pertair to all O0OGTBs, ro lirkage desigr would be
favored over arother.

Tk~ overall ecoromic impact of these regulatiors should be
comparat.vely small. They do irncrease the cost of constructing
rew tark barges (7) but this is compensated for by lower oil
spill <clearup costs ard a clearer ervirormert. Also, sirce
existing sirgle-skir barges may operate for up to 15-20 years
without retrofit of segregated ballast tanrks or double-hulls, the
impact on these operators will be rather small;, or a
presert-valued basis. So, although they will have tc raise their
rates to pay for the expeditious removal of sirgle-skin barges,
the rise car be gradual so that tark barge operators should rot
be seriously hurt by other competinrg transport modes.

Next cornsider tug irspectior. It is the Coast Guard's cor-
tertior that a 1loosely-lirked OGTB with a '3,000 horsepower tug
pushirg a 35,000 DWT barge is ro differert thar a ship with the
same horsepower and deadweight. Therefore, the system should be
subject to the same inspectiorn ard 1licensinrg requirements
pertairing to ar equivalert ship. However, urder currert law,
the Coast Guard has no 1legal Jjustification for writirg
regulatiors to erforce its cortertion. The law states that ary
motor powered vessel under 300 GRT is rot subject to Coast Guard
inspection and if it is urder 200 GRT thern it is also rot subject
to officer licersing. Since the pusher tug in a 1loosely-lirked
OGTB is a tug vessel capable of indeperdert service, it comes un-
der the provisionrs of this law. Apparertly the orly way that the
Coast Guard could assert inspectionrn jurisdiction over these tugs
is if the law is charged. Giver the realities of the situation,
change in the 1law 1is unlikely unless one of the super-sized
loosely-lirked tark barges is irvolved 1ir a serious accidert

(7) The percertage increase ir construction costs due to
double-hulls 1is reduced as the barge becomes larger. Onre opera-
tor believes that the cost of a double-hull becomes nregligible
for barges of greater than 30,000 DWT.

2-49

I deniiame




} wnich results ir the pullutior of o ¢prpulur beuch or  fichirg
grounrd. The publiec outery will ther likely irduce g charge irn

the law makiryg those tugs subject Lo “oast Guard irspectior.

However, it should be realized that urless the law is charged so

that all motor driver trarsportn vessels of less tharn 300 GRT ard

greater thar S0 mary horsepower come urder Coast Guanrd

may decide to operate tvhelr systems ir the much more hazardous
pull-tow mode if the additioral fuel ard irsurance expcerses
incurred are less thar the ircreasced marrirg ard corstructiorn

!
4
&
L irspectior, ther the operators of the loosely-linked 0OGTD systems
?
; costs resulting from such irspectior.

2.3.2 Future of Mecharically-Lirked OGTBs versus Ships

Ir the ecoromic aralysis preserted inr Sectior 2.1, it was
mertiored that mecharically-lirked OGTBs have capital cornstruc-
tiorn arnd crewinrg costs less thar those of a ship of equivalert

capacity. Additiorally, OGTBs were said to be more flexible due
to their separability. The orly disadvartage  that a ?
mecharically-lirked OGTB was said to have compared to a ship )

would be its highe» fuel cost resultirg from the hydrodyramic

flow disturbarces caused by its lirkage. However, if we scruti-

rize the first two OGTB advantages, ir cornstructior and marrirg; ;
Wwe may sece that they might be onrly trarsitory pheromensa.

Corsider first cornstructiorn costs. It was mentiored previ-
ously that OGTBs could be built less expersively because tug ard
barge could be cornstructed corcurrently in specialized
low-overhead yards. However, 1f there are advartages ir buildirg ]
the propulsior and cargo urits in separate specialized yardc, the '
same car be dore for a ship, as was demorstrated by the corstruc-
tior of the Great lLakes vessel Stewsrt A. Cort. (8) As for the
lower marnrirg of OGTBs, there is ro techrical or regulatory rea-

sor why ship crews carn rot be reduced to the same size as third
h gereratior OGTBs 1if they are as fully automated and follow the
same mairterarce policy. For example, the gas turbire 35,000 DWT
Chevror tarkers are cevtificated by the Coast Guard to be manred
with fourteer mer and they are crewed with severteern, not much
more thar a mecharically-linked 0OGTB. So, ir the future, a third
gererationr mecharically-~lirked OGTB should rot be ary cheaper to
corstruct o~ to mar thar ar equivalent sized ship that is built
ard operated urder the same cornditionrs.

(8) The cargo comporenrt was built in a rew modular construction
yard which was ideal for the cargo unit specialization. The pro-
pulsive bow-sterr comporert, however, was built at a large
shipyard, probably to ersure that all constructior would remain
withir compary owned facilities. 30, ir this case only partial
specializatior of facilities was achieved.




In the lorng run, the orly valid reasorn why an operctor
mighe want to build a mcechunically=-lirked OGTB rather thar o ship
would Dbe to take advartage of the flexibility allowede«by its
separability--useful for trades most ecoromically rurm  irn ‘the
drop-ard-swap mode of operatiorn as discussed ir the last section,
However, sirce there are still these transitory ecoromic
advartages of mecharically-lirked 0GTBs over ships, they are
still vpeirg built, buv orly ir transocearic ard inrtercoastal

trades. As demonstrated later reither ships ror
_mecharically-lirked OGTBs are competitive ary lorger ir coastal
trades. R ot

2.3.3 Future of Loosely-Lirked ard Pull-Towed OGTBs
versus Ships ard Mecharically-Lirked .UGTBs

Urless Coast Guard regulatiors charge, both loosely-lirked
ard pull-towed OGTBs will rot have tugs subject fo Coast Guard
irspectiorn. This will allow them to have substartially 1less
crewirg and corstruction costs compared to ships ard
mecharically-lirked OGTBs. The orly advartage ships ard
mecharically-lirked OGTBs have over these other 0GTBs is better
fuel ecoromy resultirg from their smoother lires, better potern-
tial safety record resultirg from Coast Guard irspectionr, and
better mairterance achieved by the larger <c¢rew onboard. These
advartages will probably not outweigh the disadvartages in short
distarce coastal trades where fuel savirgs will rot be as great
ard where mainterance car be convenriertly scheduled to be
performed by shoreside persorrel., As for safety, it has beernr
argued that Coast Guard regulations cause ships to be
overdesigred ard that many of the 1irspection requirements have
little real worth. Whether this is true may be learred from the
future safety record of the OGTB systems.

Giver the above argumenrts, it would be expected that ir the
-future, loosely-lirked and pull-towed OGTB systems should dis-
place most small, moderate speed ships and mechanrically-lirked
OGTBs from the coastal trades. Whether loosely-lirked OGTBs will
displace them from lorg distance foreign trades will depend on
the magritude of the resistance peralties caused by the lirkage,
the reliability of the lirkage ir ocear crossings, and the safety
ard mecharical reliability of the systems resulting from small
crew Size. Since rore of these loosely~lirked systems have been
desigred to operate in lonrg distarce ocean trades, it may be
foolish to conjecture whether they would be the most ecoromical
system to operate irn these trades. However, if the lirkages are
capable of withstarding ocean forces, it should rot be urexpected
to see these systems trading trans-ocear in the rear future.

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

Loosely-lirked OGTBs are considerably more fuel efficient
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thar pull-tovwed OGTBs. Whether these ful! savirgs outweigh the
costs and loss of flexibility ircurred by Lhe 1linkupge probably
deperds or the distarce of the trades and the flexibility desired
by the operator. It would be expected that in the future, short
distarce trades, say from HNew York to Philadelphia, still could
be operated most ecoromically with pull-towed OGTBs sirce fuel
savirg from pushirg would be small. However, for moderate rurs,
the advartages of push-towirg should predomirate ard it would be
expected that loosely-lirked 0GTBs will domirate these coastal
trades.

s e e . - o .

2.3.5 Summary of OGTB Future Prospects

Giver the above arguments, the followirg car be said for
the future of OGTBs:

Ships sh uld supplart mecharically-linked OGTBs ir lorg distarce
trades for which drop~and-swap operatior is rot ecoromical.

Loosely-lirked OGTBs should supplanrt ships ard
mechanrically-lirked OGTBs ir moderate distance coastal trades.

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

The above assumes no major charges in the regulatory struc-
ture pertairirg to OGTBs ard ships. If the tugs of
loosely-linked OGTBs 1later come under Coast Guard inspectior,
ther I would expect that self-propelled Dbarges would supplant
them ir the 1longe~ distance trades that are not amerable to
drop-and-swap operation, ard that the pull-towed OGTBs would sup-
plart them ir shorter distarce trades.

The above also assumes that river {ype sirgle tug-many
barge (STMB) operatiors as could be provided by SEA-LINK or
FLEXOR lirkages do rot peretrate the coastal trades. Although
the iritiatior of such a corcept is difficult, it may be that in
the future that a single large shipper or a group of shippers
will be willirg to irvest in the marny units required for a suc-
cessful STMB operation. If such arn iritial operation proves eco-
romically profitable, then STMB operatiors could become a major
part of coastal trades.
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ANNEX A TO CHAPTFR 2

SUMMARY OF U.S. COAST GUARD REQUIREMENTS

FOR OCEAN-GOING TUG-BARGE COMBINATIONS (1)

B e t

A. INTRODUCTION

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

Which rules? The onres genrerally cited are The Coast Guard
regulationrs and Load Lire regulationrs which affect these three
areas:

1. Use of certair USCG starndards ard criteria in the cor-
structior of the vessel if it is inspected, but other-
wise not necessarily applicable if the vessel is
uninrspected. (Certain aspects of those stardards are
regularly re-inspected durirg vessel operatiors.)

! : 2. Use of deck officers ard engireers having certair levels
of "recogrized" qualifications, such qualificatiors be-
irg M"lowest" for uninspected motor tugboats below 200
GRT, except if it is "mechanrnically lirked" to the barge.

s meph g

3. Use of a reduced-freeboard 1load 1lire for un-manned
barges relative to conventioral vessels of comparable
size.

On the following several pages are summaries of the several sets
of regulatiorns which are thought to be the "rules" that OGTB's
may possibly avoid to some extert, deperndinrg orn their size, oper-
ation ard "lirkage" betweer tug and barge.

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

®*As with payirg taxes, rule avoidance is legal, rule evasion is
rot.
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B. TUGBOATS: TINSPECTED OR UNINSPFLTFD

A tugboat is subject to Coast Guard irspectior wherever ary of
these cornditionrns obtairn:

(1) it is steam powered,

(2) it is motor powered, sea-going, ard over 300 gross tonrs,

(3) it 1is <carrying passenrgers, flammable or combustible
liquids ir bulk or other dargerous cargoes, or

(4) it is "mecharically lirked" to a seagoing barge.

Otherwise, tugboats require ro Coast Guard inspectior. All Coast
Guard regulatiors pertairirg to urnirspected.vessels are .corntaired-
in parts 24-26 of Subchapter C of Title U6 of the Code of Federal
Regulationrs (CFR). This Subchapter is comparatively short, less
thar twenrty pages.

A1l Coast Guard regulationrs pertainrinrg to inspected vessels are
contaired in Subchapter 1 of Title U6 of the Code of Federal
Regulations. These regulations concern both corstructior ard op-
eratior of these vessels as well as the irnspectior required.
These regulationrs are very detailed relative to those for
unirspected vessels.

C. BARGES: INSPECTION AND FREEBOARD

Barges require Coast Guard irspection if they are seagoinrg anrd
over 100 GRT. 1Inlard barges, except those carryirg passergers or
flammable or combustible liquid bulk cargoes or other
hazardous/darngerous cargoes, do rnot require inspectior.

Urmanned barges may be granted a 25% reduction in freeboard, rel-

ative to convertioral (marred) vessels of comparable size, ir ac-
cordarce with the 1966 Internatioral Load Line Convertion.

D. QUALIFICATIONS OF TUGBOAT OFFICERS

The krowledge ard experience requirements for the officers of
tugboats depernd on whether the tugboat (i) 1is irnspected or
uninspected, (ii) is operating or the high seas or irlard waters,
ard (iii) is greater or less than 200 GRT or 300 GRT.

For uninspected tugboats of (a) less thar 200 GRT operatirng ir
any area, or (b) of any tonrage operating on inland waters, orly
the deck officer on watch must be licersed as an Operator or '
Second-Class Operator of Urinspected Towirg Vessels ir accordarce
with U6 CFR 10.16. Engineers for this class and size of vessel
are rot required to be licenrsed.

For unirnspected tugboats betweer 200 and 300 GRT operatirg or the
high seas, both the deck ard ergineering officer on watch must be
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licersed in accordarce with 46 TFR 10,15, The experierce ard
krowledge requiremenrts for the deck officers, maeste-~s ard mate,
or tugs of this size (200-300 GRT) arec¢ corsiderably more compre-
hersive thar those required for Operators of Urirspected Towirg
Vessels (urnder 200 GRT). The requiremerts for the ergirecrs are
much less comprehensive tharn those required for those servirg on
irnspected tugboats (above 300 GRT or mecharically lirked).

For irspected moto~ tugboats greater thar 300 GRT operatirg or
the high seas the knowledge ard experierce requiremerts for deck
officers must be at least ir compliarce with those specified inr
b6 CFR 10.05 for master and mate of Freight and Towirg Vessels
rot more than 1000 GRT. These requiremerts are similar to _those

*5f ‘other ' irspected océanigoirg “vessels. Frgineerirg officers

must meet the requiremenrts specified irn U6 CFR 10.70, which are
the same as for anry other vessel.

E. MECHANICALLY LINKED VESSELS

Wher the tug ard barge are "mechanically 1lirked," the combired
urnit must meet certainr requirements that may be "avoidable" if
the two comporenrts are linrked by some other mears.

Even if the tugboat part of a mecharically-lirked wurit is 1less
thar 200 GRT, both comporents must be constructed and regularly
inspected under thne supervisior of the Coast Guard in accordarce
with Subchapter I of Title 46 of the CFR. In contrast,
urirspected tugboats require ro irspection while under corstruc-
tiorn or later, anrd are subject to a limited rumber of safety anrd
operatiorn regulationrs, as promulgated ir Subchapter C of Title U6
of the CFR.

Wher the two comporents are mecharically lirked, the number of
officers and crew, as well as their qualificationrs, 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 thar 1000 gross tons 1ir accordarce with 46 CFR
10.05. Currertly, they are required to have licenses based or
the combined gross registered tonrage of the tug and barge. The
engineers (chief ard assistant) must have licenses in the same
way as any ocear-going engireer, in accordarce with 46 CFR 10.10.
The mirimum size crew certificated or these vessels has beern
fourteen persornrs.

In contrast, for urinspected tugboats under 200 .GRT, frequently

marred with 10 or less men, the orly requirements on the number

and qualification of the crew are:

(a) deck watch officers must be 1licersed as Operator or
Secord-Class Operator of Unirspected Towirg Vessels,
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(b) crew must be divided irto threc watch sectiors or voyuges
of grecater thar 000 miles, ard :

(c¢) 65% of deck c¢rew must be at least Able-Bodied Seamen.
Ar irnteresting rote is that arn Operator of Uninspected Towirg

Vessels is rot corsidered a licersed officer ror is he corsidered
crew for the determiratiorn of the rumber of AB's,.

F. DESCRIPTION OF REGULATIONS

TRefgulation T - s ee o b il el el . .,

The tugboat, while underway, must be urder the actual direction
or cortrol of a Coast Guard licersed Operator of Urnirspected
Towirg Vessels, or Second-Class Operator of Uninspected Towirg
Vessels 1if an Operator of Unirspected Towing Vessels is orboard.
Persors so licensed may not work or a vessel while wunderway or
perform other duties in excess of twelve hours in ary consecutive
twenty-four hour period except in case of emergency.

Regulatior II:

65% of deck crew, exclusive of licersed officers ard apprertices
are to be of ratirg rot less thanr Able Seamenrn. Requirements for
Able Seamen are (1) to be at least 19 years of age, ard (2) to
have served at 1least 78 morths or the Great Lakes, on bays and
sourds, or at sea.

Regulatior III:

The licensed officers arnd sailors, coal passers, firemer, oilers,
ard water terders shall, while at sea, be divided irto at least
three watches except for those voyages of less thar six hurdred

‘miles wher the licernsed officers arnrd members of the c¢rew other

thar coal passers, firemenrn, oilers, ard water terders may, while
at sea, be divided irto rmot 1less thar two watches. Licersed
officers or seamer in the deck or ergire departmert shall rot be
required to work more than eight hours ir ore day, wher goverred
by the three-watch provisior.

Regulation IV:

If arn urirspected vessel ergages or a voyage of 12 hours or less,
such vessel shall have a Master ard Chief Engireer irn charge of
the watch cortirnuously. If desired a mate may serve as
navigating officer in charge of the watch as a relief for the
Master. 1If desired, ar Assistant Engireer may serve as the Engi-
reer Officer in charge of the watch as relief for the Chief
Engireer. If ar urninspected vessel ergages on a voyage of over
12 hours duration, such a vessel shall have a Master, Mate, Chief
Engireer, and Assistanrt Engirneer~ and such officers shall be in
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charge of their respective watches contiruously, except that an
unirspected vessel which 15 ecuipped with full pilothouse cortrol
of the propulsior machircery, thus c¢limiratinrg the recessityy for a
cortiruous fireroom watch, may be manred with anr appropriate
licersed Master ard Mate who shall be in charge of their respec-
tive watches cortiruously, anrd ar appropriately licersed Chief
Frgireer. All of the above officers shall ©bpe 1licensed by the
Coast Guard.

Regulatior V:

Every irspected tugboat shall have ore licensed Master ard two
licensed Mates if urder 1000 GRT. Every tugboat over 1000 GRT

shall have in her service anrd orboad three licersed Mates, who

shall -stand ' ir- three: watches. while..swzh. wessel - is JJeing.. .. .
ravigated.

Nothirg above shall be so corstrued as to prevert the Coast Guard
from ircreasirg the rumber of licensed officers on any irspected
tugboat if, ir its judgment, such vessel is not sufficiently
marred for her safe ravigation.

Regulation VI:

On ary inrnspected tugboat, the Officer ir Charge, Marire
Inspectiorn, of the Coast Guard shall determire the mirimum rumber
of ergireers ard other crew necessary for the safe navigation of
the vessel.

Regulatior VII:

The Coast Guard shall license and <classify the Masters, Chief
Mates, Chief Engireers, ard Assistant Engineers of all irspected
vessels.
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PERTAILIuG TO MUTGE TUSE MIGING R

(see previous pages ror cescripticn of regulations) ’

Vessel Size | Over 26' 100-200 200-300 Above
Under 100 grt grt grt 300 grt
Regulation
I +veee |~=—2Applicable{Note 1) — &= ~g—Applicable (Note 2) ———b&=
. - |
II ---'- | Not Applicable r¢——————Applicable(Note 3)I e
III ----* | Not Applicable —&—————Appliicable(Note 4) Load
IV -+ |-4—— Not Applicable —_—n-| ~¢—Applicable(Note 5)———m
' ZRTRR T WS S—— - Not Applicable ————————to— Applicable
. | (Note 6)
. - i .
VI - |-= = e Not Applicable ——————— Applicable
I | - {Note 6)
VII °°°*** == = Not Applicable ————————7%m— Applicable
' , (Note 6)
Notes: - :
1. All uninspected tugs operating in any area, excepting those
tugs in mineral and oil incustry.
2. All uninspected 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 tughoats operating in any area except those navigating
rivers, harbors, lakes(other than the Great lLakes), bays,
sounds, bayocus, and canals exclusively.
S. Alluninspected tugs navigating the high seas.
6. All inspected tugboats.,
References:

I: 46USC405(d) II:46USC672,672b III: 46USC673
46CFR10.16 46CFR157.20-15(b) - 46CFR157.20-5
46CFR157.01~-10(c) 46CFR157.20-15(b) 46CrR157.,20-10
16CFR157.30-~45 .

IV: 46USC224a V: 46UsSC223 VI: 460USC222,224
46CrRr157. 10-15 46CFR157.20=35 46CFR157.20-35
46CFR157.30-10 46CFR157.20-30 '

VII: 46USC224
4CFR10.02-10.10
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ANHNEX B TO CHAPTER 2

COMPARATIVE COSTS OF TUG-BARGE CONFIGURATIONS*

This presentatior will first offer my judgmert in the difference
ir costs betweer various forms of tug-barges. Then I will pres-
ert some of the background that has beern recertly gaired 1ir the
differerce in costs betweer ITB's ard ships of a rather similar
rature.

First, regardirg the differente ir *-custs of - various--tug-honte ..

combiratiors, we will corsider a barge of about 25,000 deadweignt
tonrs as the basis for comparisor, the barge beirg a
double-bottomed product carrier towed at the end of a hawser by a
7,000 horsepower tug. Usinrg the acquisitior costs per deadweight
tor as the measure of relative costs betweer the tug-barges ard
ships, we <car construct a table as shown below, ir which other
variatiors irclude the use of larger power planrts, slow speed
diesels, nrotches, linrkages, ITB-configuratiors, ard larger ships
and ITB's.

RELATIVE COSTS OF TUG-BARGES AND SHIPS

Vessel $/DWT %

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

25,000 DWT barge towed at the erd of 96U +4uq
_towlire by 13,000 BHP Belcher type tug

25,000 DWT barge push-towed ir anr 675-688 +1% to +3%
average rotch 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 ir a rotch that
allows heave betweer tug ard barge

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

*)A paper preserted by Melvir Coler, Avordale Shipyards, irc., New
Orlears, at the MARAD sporsored Ocean-Goirg Tug-Barge Plannring
Corfererce at New Orlearnrs on 26-27 March 1979. This paper
represerts practically the orly publicly available information
concernrirg the relative costs of the differert OGTB systems.
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25,000
13,000

25, 000
14,000

u7,000
5,000

NOTE:

DWT
BHP

DWT
BHP

DWT

DWT

All

ITB powered by 1200 +80%
nedium speed diesels

ship powered by 1300-1450 +95% to 117%
slow speed diesel

ITB with 16-17,000 BHP 975 Base
ship with 14-16,000 BHP 1120 +15%

25,000 DWT vessels are desigred for clear products of

8.5 BBl1/Ton.

The above rumbers are my judgmert of relative costs or ar

T"*i'rdlustrywide "Dasis - and do nrot represent any particular ships.

The relatiorship car shift with irdividual specificatiors,
s of vessels, ard size ranges, as fixed program costs vary
sigrificartly amorg the different types of vessels. Deviatiors
much as 25% are possible, but the irdicated trend is cor-
sidered gererally valid.

number

of as

Comparative Costs of ITB versus Ships

About a year ago I had the opporturnity of joirtly directirg the

desigr of a 41,000 DWT Superphosphoric Acid Carrier. This ship
would trade or 1long ocean voyages. This ship as developed
reflected a specificatior stardard, which is high arnd suitable

for charter to major oil comparies without signrnificant additiors.
The structure reflected our desigr practices. The ship competed

agairst

arn ITB for a trarsportatior agreemert and cost. We also

bid the ITB ard offered ar alterrate structural desigr reflectinrg
a system similar to that desigred for the ship. Our bid was
accepted.
.structural system, elimirating that variable. The pertirert data
for each vessel is as follows:

Price
LOA
LBP
Beam

Depth

Draft (desigred) 37' OV 37' 3"

Item

Therefore the two vessels were desigred to a corstant

ITB Ship
$47 Million $55 Million
5921 2n 602" un

572' 0" appprox. 570' O"
95! Qv 105' 10"
50! QW 551 ov

Cda b i ) 0 aMa




4 Horsepower, MCR 18, 200 14,200
SPA Cubic 100% 822,070 667,555 -

¢ 0il Cubic 100% 87U, 755 972,500
Ballast Cubic 100% 435,720 524,121
Total Cubic 2,132,485 2,164,176

{ Steel Weight +250 LT Base

E Accommodations Base +3U400K to $500K

i Propulsionr _ Twin Screw Single Screw

i Double Bottoms e @B v e e i et e YOS e e e e e e e
Number of Cargo Tarks 28 S 28
Pumpinrg System Fromo Fromo

There were manry specification anrd system differences reflectinrg

the experierce ard thirkirg of the two differert operators with

different backgrounds, but individual difference was of ar order
‘ of magritude that would rot explair major portiors of the cost
: differenrce.

Obviously we have a paradox. The industry's experierce 1is too
limited to defiritely answer the paradox at this time, but I be-
lieve that some of the sigrificant factors are as follows.

Specification Requiremernts ITB's do not have the room, anrd the

-operators have the orientation of austerity. Ship operators are
accustomed to satisfyirg charter requirements of major oil
comparies which increase the numbers and quality of the items of
supply ir virtually every category. The vessels are not to equal
standards, ard the cumulatiave effect is sigrificant.

Estimating Stardards Barges and tugs are estimated usirg historiec
returns for tugs arnd barges, while ships reflect their historic

| costs. As programs have beenrn corducted differently, cost
histories are different. Some of the factors affecting cost
histories are discussed below.

Huil Form Ir the example giver above, the block coefficiert for
the ITB was about O0.79, while the ship's was 0.73. There is
about a 1 1/4 knot speed advantage for the ship at the same
power, ard the ship will use far less fuel. But the cost of the
ship is correspordirgly higher, as fine ends cost more.
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Program Aduiristration  Tugs wnd bariges have traditiorally

required less cortract administratiorn, less ergireerirg, lc¢os
trials, a lowe» level of irspcciiorn, ard gererally less & all
admiristrative work. This is a sigrificart cost differerce whern
we avre dealirg with small quantitities of vessels., As ITB's be-

come lavger ard as more ship-~orienrted people become irvolved,
this ard other differenrces will rarrow.

Buildirg Period For reasors of admiristrative work, procuremert
lead time ard other factors, tugs anrd barges have been
constructed ir shorter periods of time thar ships. This could be
a sigrificart cost savirg. However, as ITB's get larger ard use
more sophisticated equipmernt such as slow speed diesel ergires,
this advantage will rarrow ard may disappear.

Ir summary, a sigrificant’'cdost différence ‘presently * exists be—- -

tweer ITB's and ships. For the lorg range, this difference is
controlled by the ship owrners. If equal starndards are mairtaired
throughout, there is ro ergineerirg reason why the costs canrrot
be equalized; however, the rature of disciplire to reduce ship
costs has not beern applied to date.
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CHAPTER 3

APPLICATION OF OGTB'S TO MILITARY OPERATIONS

The Military Sealift Command has three primary missiorn
areas ir peacetime:

(1) Cargo Transport
(2) Naval Fleet Auxiliary

(3) Scientific Support

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

It is the purpose of this chapter to show how OGTBs canrn be
successfully used in peacetime to satisfy many of the
requirements generated by the three mission areas and to show how
O0GTBs have enormous potential to satisfy the exparded
requirements of contingency anrd mobilization operations. This
will be done by discussing each mission area separately 1in the
following sections.

3.1 OGTBs for Military Cargo Transport Missiors

3.1.1 Peacetime Operatiors

In peacetime most commercial cargo, both dry (break/bulk,
containerized, and wheeled) and 1liquid (POL), is moved long
distances 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 marire. These large vessels are economical due to




savings resulting from ccoromies of scale. (1) They are tery
productive because they move large carygoes rapidly and spenc lit-
tle time irn port. (2) The short port times are the result of tLhe
ship being designed to  interface with sophisticated port
facilities that have specialized cargo handling equipments. Fven
in the <case of KO/RO vessels which only require properly
configured quays Lo accept the ship's stern and sideport ramps,
the port must have sufficient draft to accept the vessel for dis-
charge and pier space to marshal its cargo.

The above discussior certairly applies to peacetime mili-
tary movements as well; anrd today, most military dry cargo is
moved by these large, fast vessels. On the other hand, 1little
POL is moved by supertankers. This is because most of the mili-
tary POL termiral facilities have neither the draft nor the
tarkage to accept such large vessels. Nor do most of them have
the throughput requirements to warrant the improvements required
- 40 . allow.them. to accept such large vessels. Thus, many of these
long distance POL trades are beirng served 'by rather small
vessels. This 1is wuneconomical since small ships cost several
times more per ton-mile than a supertarker. As explaired later,
OGTBs may offer a solution to this dilemma.

Although most military cargo is moved rather lorg
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
ir the integral or drop-and-swap mode. This is discussed further
irn the next subsection.

(1) By economies of scale it is meant tnat 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 tor becomes smaller Dbecause as a ship's capacity
increases cubically its surface area arnd thus its hull cost only
increases quadratically. Operating costs per deadweight ton also
decrease with larger ships because (1) the c¢rew size remains
practically the same for anry size vessel and (2) the fuel con-
sumption per deadweight tonr decreases with size. The latter 1is
due to both the smaller frictional and residual resistance per
deadweight ton of larger vessels. 1In 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 ir their primary function. On the other
hand, since OGTBs are a separable combination of propulsion ard
cargo units, the propulsion unit reed rnot be tied to the <cargo
unit during port operations; so, an OGTB's overall system produc-
tivity is not as sensitive to cargo operations,
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Peacctime Coastal Operations

Most military irtru-area operations require movement-of dry
ard liquid cargo short distarces for discharge at shallow draft
ports. These are similar to the conditions faced by many U.S.
coastal shippers of 01l products ard other bulk commodities. As
discussed in Chapter 2, such trades are more ecoromically served
by GTBs ard the same holds true for military irntra-avea

movements. For very short distance movemenis, say less than 150
miles, irexpensive 1st generation OGTBs would be adequate. For
longer distances, 2nd or 3rd generation OGTBs would bhe

appropriate. In any case, OGTBs should be seriously corsidered
as a less expensive ship replacement in manrny 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-asnd-swap mode makes
these intra-area O0GTBs potentially more economical when cargo
requiremenrts ircrease, as in the case of a continrgency operation.
All that is needed to change from integral to drop-and-swap oper-
atior is the additionr of some barges.

Peacetime Shuttle Operations

As previously discussed, many long distance shipments of
POL occur in rather unecoromical small ships, often smaller than
30,000 DWT. This is primarily because most discharge ports can-
not accept the large deep draft tarkers. (3) This results in the
transport costs for this 0il to be at least three times (4) as
great as would be possible if the larger ships were utilized.
There are two alterrnatives that might result in lower system
expenses.

(3) It is recogrized that in peacetime that most U.S. refireries
do rot have shoreside tankage 1large enough to provide a
supertarker size cargo of refired 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 tarkers of 22-40,000 DWT
versus tankers of 100-130,000 DWT.
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One is to ulilire one port or safe anchorage in the over-
Seas operational arca as a major POL storage terminal capable of
storinrg the cargo of one or more supertankers. If this port had
irsufficient draft ther it could have the supertanrkers discharge
at anchorage via an offshore single point mooring or via
lightering operations wusing OGTBs as the means of shuttling the
cargo from supertanker to shore. If insufficient shoreside stor-
age capaclity 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. Ther, as
the other POL termirals 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 lighterinrg operatiors are also used for
the coastal operations will deperd on their size anrd
capabilities. (5)

The other alternative to usinrg small .tankers for long dis-
tance movements would be to use the supertarker as a temporary
storage tank while it is offloaded by OGTBs that shuttle its car-
go directly to the intra-area POL terminals. The supertarkers
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 supertarnker should move or remain stationary deperds on (1)
the size of the supertanker and the shuttling vessels, (2) the
distances between ports, (3) the capabilities of the 0GTBs, that
is, whetner they can operate 1in the push mode Dbetween the
irtra-area ports as well as in protected waters, (4) the speed of
the shuttle 0GTBs, and (5) the per diem costs of the supertankers
anrd 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 aralysis of each specific situa-
tion is required.

(5) Lightering operations of this sort are conducted regularly in
this country by some of the major o0il comparies. Supertarkers
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 anrd Fast
Coast via the wuse 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 apparernt that the savirgs erntailed by using such large ships
rather than several smaller ones for the long distance delivery
of the o0il outweighs the cost of such delays.
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It should be mentioned that the above discussion does rot

pertain only to POL mwmovcments, Commercial operators such s
SEALAND have realized the berefits of the economies of scale tor
some time. They reserve their large, high speed SL-7's for

trars-ocean crossings and then trars-ship their contairzers to the
other area ports via small feeder vessels which operate in a
coastal or shuttle trade. (6) The same type of operatior 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 0OGTBs with deck barges would be
very suitable shuttle craft.

3.1.2 Cortingency Operatiors

In a corntingency operatior, the amount of dry and 1liquid
cargo t» be moved will be substartially more than during peace-
time ope.;ations. Additiorally, 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 meanrs of moving the large
amounts of materiél demanded by a contingency operation is in the
same way most cargo is moved during peacetime: via large, speedy
container, RO/RO, and tark ships through high throughput,
deep-draft terminals. Unfortunately, the availability of
deep~-draft high-throughput termirnals 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 termirals poses serious problems for
military logistics plarners. For several years they have been
attempting to firnd expeditious means of discharging these vessels
offshore, especially the RO/RO and ron self-sustaining contairer
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 alonrg 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 conrcept being developed by the U.S. Navy, Facilities
Engireering Command. This facility consists of a vessel on which
are mounted gantry or rotating cranes that are used to remove the
contairers from the ship and to place them on lightering craft.
There is no reason why these TCDFs could rot be large 0GTBs that
have been pushed to the operating area by shuttle tugs. These
tugs could then be used irn the operating area for other purposes.
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it is most likely that insufficient shoreside depot facilities
would be availuble to handle all the cargo and that local
commarders would probably require that the vessels temporarily
remaln 1in queucs offshore. This is intolerable for these costly
vessels which arc totally unproductive while remaining in queues.

There are at least three possible solutions to the above
queuinrg problemn:

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

(2) offload the cargo from the ships at developed ports nearby
the operating area from which cargo 1is shuttled to the
operating area by OGTBs

(3) shio the cargo solely via shallow draft OGTBs from the
lozling 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 containe?s 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 Dbarges available 1in 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 Dballast down ard 1lie on properly
prepared beaches. Since these barges are mareuvered 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.

3-6




from the large vessel into small lipghtering coraft, i.e., LCU's or
small 0GTBs, and landed immediately.

A second approach would be to have the 1large fast ships
discharge their cargoes at a high capacity, high-throughput
advarced shore base not too far away from the operatirg area, say
less thar 1000 miles. Ther the cargo could be shuttled to the
corntingerncy area 1in O0OGTBs. 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 1irto
OGTBs at the distant supply depot rather than using the high pro-
ductivity ships. Ther these 0GTBs (10) could drop off their
barges at the operating area and return with an empty barge or
with the tug steamirg irdeperdently. The barge could later be
pushed to the beach for discharge or lightered by smaller shuttle
OGTBs.

The decisionr of which approach to utilize will depend prin-
cipally orn 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 ard thus would be suitable mainly for shuttle and other
short distance movements. On the other hand, some of the
multi-deck and rewer shipshape deck barges are capable of moder-
ate speed pull-tow operation ard so could be used for longer
movements. Unfortunately, most of these barges are 1ir 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 <c¢ould be quickly
transported to the contingency area and used for shuttle
operations until the larger assets arrive later.

POL Operations at Urdeveloped Termirals

Most of the above discussion for dry cargo movements
pertains to POL operations as well. That 1is, during a

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




contingency, large quantities of POL will have to be tranrsferred
ashore tLhroush primitive low throughput and low storage capacity
terninals., The least expensive meanrs of providing the long dis-
tance movement of the POL will be by supertarker for the same
reasons given in the section on peacetime operations. The prob-
lem 1is to find a way of offloading the supertarker quickly at
such a primitive terminal which carnnot accept its cargo nor its
draft. There are at 1least three possible solutions to this
problen:

(1) wuse the supertarker as an offshore storage tank,
transferring 1its cargo whern needed via a portable offshore
mooring buoy conrected 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 closes~to-shore
potable mooring buoy or a shallow draft berth where its
cor.tents canr be discharged through a shoreside marifold.
Cargo nrot 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
nreeded 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 1is provided by the
supertarnker, the barges, or nearby major terminal, respectively.
Certainly, there is the alterrative 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 wuse will
primarily depend on the availability and cost of supertankers,
tarnk OGTBs, and portable discharge facilities. There are rela-
tively few U.S. flag supertanrkers; however, many are currently
readily available for purchase due to the worldwide glut in
supertanker tonnage. There are also manrny tark OGTBs, many of
push-tow capability, available 1in the spot or term charter
market. As for portable discharge facilities, the ones currently
available in the military system can ornly handle vessels of less
than 25,000 DWT with use of a multi-leg mooring system. Products
can be pumped ashore via 6" 1lines to portable rubber bladder
tarks of 10,000-50,000 Bbl capacity.




Exparded Coastal and 3hultle Cpcrstions

In most contingencies, thce»c will be the requirement for a
considerable amount of coastwise cargo movemenrt. In this case,
the discussion given previously for peacetime operationrns applies.

Additionally, drop-and-swap operation would most likely be
appropriate due to the probable nced 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
irereased barge requirements would nrot be nrecessary 1if port
handlirg ard 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,
irexpensive, 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 expersive port
facilities may not be wutilized at all after operations are
completed.

3.1.3 Mobilization Operations

Durinrg a mobilization, the amount of dry and 1liquid cargo:

to Dbe moved will be enormously more than durirg a contingency
operation. As with contingency operations, much of the <cargo
will have to be delivered through relatively primitive shallow
draft ports ard/or beaches. Thus, the discussion in the previous
subsection for such type operatiocns apply for mobilizations as
well, But, 1ir the case of a mobilization, the cargo transport
requirements cannot be only met with the wuse of the MSC
controlled fleet anrnd the. ships available from the U.S. merchant
marire. Additional assets will have to be obtaired 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 indepenrndent, such assets may become in-
sufficient to fulfill the 1logistical demands generated by a
mobilization. 1In this case new construction will be required.
OGTBs should have a signrnificant role in this new construction
since they have several important advantages:

(1) rapid ard 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 vulrerability and other military advartages.

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

Rapid and Extensive Construction Capability

As mentionred 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 1limited number of general purpose
shipyards, many of which will be occupied with Naval and major
ship construction durirg a mobilization. 1In 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 currertly 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 arrnually, assuming that the propulsion machinery were
available. :

The situatiorn is not so good with respect to barge yards.
Although there are mary barge yards capable of building small
shuttle-type barges of up to 300 feet irn length, there are few
yards such as FMC and Galveston Shipyard that can build larger
ones useful for long distance and/or 1large capacity movements,
The biggest tark anrd 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 currently
building large tugs, just examine the builders column of Appendix
C for tugs built in the last few years.

(12) To get ar indication of the number of bargeyards and

shipyards building large barges, just examine the builders column
of Appendices A and B for barges built ir the last few years.
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ships, there would probubly be an inzufficient number of barge
buildirg facilties for Lhe larger barges--certainly an insuffli-
cient number to match the tug oulput. In this case new barge
yards would have to be established.

It should be remcmbered, 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 lirkages. 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 cornstruction is much 1less complicated
than ship cornstruction due to barges havirg simple hull lires and
little outfit machirzery. Therefore, setting up barge yards would
be much easier than shipyards since the only major capital equip-
mert needed would be building ways anrd automated steel plate
hardling facilities.

Giver that several new barge yards would be needed during a
mobilization to match tug yard output, a study of the proper 1lo-
cation ard configuration of such yards would be useful to speed
up their establishment. Their output in conjunction with that
provided by existirg tug and barge yards could provide a substan-
] tial rumber of OGTBs for the type of cargo transport operatiors
described previously.

Small Crews

As mentiored 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 urnion
pressures. Therefore, in a mobilization it would be expected
that new ships and OGTBs of equivalent size, speed, automation,
and missior would be manned equally due to the exigencies of the
mobilization action.

D e
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However, OGTBs do provide manning savings in those trades
inr which drop-and-swap operation is feasible. 1In these cases,
the propulsior unit ard its crew is utilized more efficierntly 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 nuch smaller mannirg. (13) This would certainly be feanible
in ships with engirerooms aft so that area could be converted in-
to a pushinrg notch for the tug. Additionally, the crew *that
would rormally be onboard for cargo operations could be stationred
at the ports so that they perform this specialized task on a con-
tirual basis.

Drop-asnd 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 ard with fewer men
than the -equivalent number of ships of the same size and
speed--saving these scarce resources for other purposes.

Vulrerability and Other Military Considerations

As mentioned in Sections 1.1 and 1.3, all 0OGTBs have sever-
al military advantages over ships that result from their
separability. Tne primary advantage 1s that the crew is less
vulrerable 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 abanrndon 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 ar empty barge or car just await
completiorn 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
rot be much more vulrerable tharn the faster transport ships since
neither can nowadays outrun the rew 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 vulrnerability since their dispersion would make their

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

3-12

Sanitd o Ledad Ll mde M ins,




o

detectior nmore difficult.
rerable than ships overall.

So,

0GTBs might not be any more

.
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3.2 0GTBs for i"leetl .Support Operatiors

The Navy's task forces vequire logistical and servicé: 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 replernishment-at-sea operations f{rom
multi-product fleet support ships. These ships obtain their

products from single-product ships that shuttle their supplies
from advanrced bases. Service support such as for ship repair and
troop hospitalizationrn are usually provided by ships located at
advanced bases. Both of these support functions can be improved
with the use of OGTBs as explained ir 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 replerishment needs can be met by the Navy's currert fleet
of multi-product station ships (AOE's and AOR's) and
single-product shuttle/statior ships (AO's, T-AO's, AE's, and
AFS's).

However, in cortirgency or mobilization action, task
forces most 1likely 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 rumber 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 wuse of

support Dbases near the task force operating area, then the shut-
tle pipelire may require a substartial 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,

(10) If it is assumed that the 1loading/discharginrg time of a
shuttle~-ship 1is short compared to its travel time, then the num-
ber of ships required will be approximately proportional to the
shuttle distarnce, 1.e., to double the shuttle distance would dou-
ble the required number of shuttle ships.
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(2) convert some of the MST tuankers into shuttle vessels, or

(3) use a fleet of OGTBs to provide advanced base suppor™c and
shuttle service.

The first alterrzative of building more shuttle vessels
would certainly solve the problem, but it would be very
expensive. Additiorally, these vessels would orly be required
during the appropriate contingency or mobilization operations.
They would be very expensive to maintain durirg peacetime whern
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 anrd inexpensively for shuttle operation
with the installation of some sliding pad-eyes and a modern ver-
sion of the "Meccanro" deck over its pipe deck. This "Meccanro"
deck is a "erector set" type platform that allows contairners full
of stores and ammunition to be loaded orto the tarkers at the
advanced bases. (See Figure 3.1 for a drawing of such an
installation.) As the tarker proceeds on its shuttle to the sta-
tion ships, forklifts--will wunstuff 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 nrumber of tankers available for conversion to shuttle
ships. The best cardidates would be the USNS tankers but these
vessels are already fully wutilized 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-

cigl tarkers. 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 unavailasble 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 tarks anrd the contairers on deck. Then the barges would
be shutilied by the tugs to the station ships as they are nrecded,
those remaining providing temporary storage. On the wyy, the
contairers would be unstuffed by forklifts so that their contents
could be transferred to shuttle ships via standard rigs. 1In this
manrner, the barges act as floating advanced bases located nrear
the task forces and provide the interface between commercial
ships and the shuttle tugs. This is in additiorn to their role as
shuttle barges. Thus, these 0GTBs 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 manring to handle many barges that have only shuttle
capability.

The feasibility of the above appraoch, particularly the use
of OGTBs as replacements for agirg single-product shuttle
vessels, was considered 1in great depth in CONSERVGRUONE 'S
STAYPOWER study (U.3. Navy (1977)), +the abstract of which is
ircluded in Annex B to Chapter 1. 1In 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 functioral element (tne 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 1in 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 remainrs available for taskirng. 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 1s considered feasible. There appears to be no
techmnical restriction, including the attainment of 20 knot
speed, to preclude such a role.

since they could discharge their containers directly

imsen.,  lowever, if they were not available, then some
«m; s ory container discharge facility would be required
.7y, advanced base to provide the container transfer.
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Tite nominral integratced tug-barge shuttle unit developed up-
on the basis of stated assumplions anrnd study guidance,
shows clear advartagse over current ard projected shuttle
ships in primary mission accomplishment, i.e., station ship
support and pipelirnc ship interface compatibility and cost.

For secondary missiors, 1i.e., station ship backup and
dispersed combatant support, the nominal integrated
tug~barge shuttlie urnit is at a distinect disadvantage pri-
marily due to limited delivery capability. The

disadvanrtages such as decreased maintainability at seas,
minimum communications <capability, etc. are all basically
functions of the mission orierted elemert (barge) design
and manning levels. FEvery disadvarnrtage could be reduced or
eliminated by increased manning levels and/or equipment in-
stallation which would also serve to decrease the signrnifi-
cant cost advantage generated.

The integrated tug-barge has high poterntial for application
to the limited mobile advance base concept.

The above study was thoroughly reviewed and its conclusiorns
seem valid. OGTBs could very well Dbe used as inexpensive
replacements for the aging shuttle ships. However, as explaired
in the study, these OGTBs are really not as militarily versatile
as the AO's, AE's, ard AFS's they replace. hkeviewing Table 3.1,
it 1is seen that they are nrot really suitable as direct
replacements for single-product station ships even though they
have limited capacity for resupplying combatants directly. of
course, wWith additionral investment these systems can be made as
capable as shuttle ships. In Tomassoni (1974) 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-
terrnative 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 1is
recommended that at least the semi-rigid linked systems (ARTUBAR)
also be considered. The military and economic advantages of this
lirkage type 1is provided ir 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 hydrodyrnamic 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
i to combatanrts. 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 l‘
_ Risk Matriyx !
Nominal integrated tug-barge compared to individual current i
and projected shuttlce ships (AO/T-AO/AE). i
+ Better than
0 Equal to
- Less than 4
NA Not applicable ;
A0-177  T-AO 143  AE i
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 +
? Piéeline - Liquid (Sea) - - NA
? - Liquid (Inport) 0 0 NA
Redundancy - -
Vulnerability - Speed 0 0 0
- Size - 0 = i
- Self Defense 0 0 0
- DC 0 0
Adaptability
Revised Product Demand + +
Other Tasks +
l Maintainability - Sea - -
- Inport + +
Availability + +
Manning + +
Cost + +

( Source: U.S. Navy (1977)




reed has been recogrirzed for some time for the discharge of theocoe
ships in military cargo ftrunsport operatiorns. This 1is arnother
potential application for these facilities and their procurement
might be enhurced if shuttle OGTHs are constiructed.

It should be mentiored that even if the STAYPOWER concept
with shuttle barges is not funded, there are some aspects which

might still be wutilized with 1little cost. For example, an
advarced base could be established just with the use of standard
tank and deck barges chartered from commercial operators.

Contairnerships could unload containers onto and pickup empties
off of deck barges and supertankers could offload onto the tank
barges. Then the contents of the containers from the deck barges
ard the POL from the tank barges could be transferred to shuttle
ships, either of the single-product type or of the converted
tarker type, at the advarnced base. This concept allows a
shortened shuttle pipeline utilizing currently available commer-
cial assets ard 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 O0GTB
assets should be wutilized. The former 1is more costly but
provides more certain capabilities. Some suggestions for
obtaining the required military assets are provided in the next
chapter.

3.2.2 O0OGTBs 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 nrearby
advarced base. Such sa2rvices might include tender repair, 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 change 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 (1974), have been included in Annex B to
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Chapter 1. The studies corclude that using 0GTBs for such ser-
vice ship missions would be feasible ard cost effective.

Recently due to a requirement in Senate Report No. 95-326
or the FY 1979 Military Appropriation Authorization Bill, the Na-
vy 1is conducting two rew interral studies (ore being Keenan
(1979)) to evaluate the eventual replacement of destroyer ard
submarine tenders with OGTBs. Prelimirnary indications are that
these reports will support such a concept.

Fleet Tugs

MSC Fleet Tugs have several missions including salvage,
ship rescue, firefighting, pollutiorn cleanup, etc. These and
other missions would not prevent these small vessels from also
being wused as the propulsion component of a push-towed OGTB.
This would be particulary true for an OGTB with an ARTUBAR
semi-rigid 1linkage which only requires the installation of the
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 barges 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 irn
the previous section. This assumes that 1linkage gear is
retrofitted onto existing assets and included on 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 componrent of 0GTBs.
Therefore, any military OGTB specially desigred for cargo trans-
port and fleet support missions should also have its tug desiged
to perform some Fleet Tug missions.
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3.3 Special Projecls (Sciertific Operatiors)

MSC has the mission of operating vessels in scientific or
other special projects {or sponsors in any defense or other gov-
errmental agency. Currently, either converted reserve fleet or
rewly constructed ships are used in the projects. But, there is
no reason why OGTBs could not be used instead. They can be built
of sufficiert size and horsepower to handle any of the scientific
operations. Additionally, the use of O0GTBs in these projects
could be advantageous due to the ability of the functional unit
containing the sponsors' men and cquipment being able to separate
from the MSC manned propulsion unit.

One advantage resulting from such separability is that the
propulsion wunit can be used for other operations ircluding fleet
support or cargo transport upon completion of the project.
New/revised projects only require the construction/conversion of
a barge .o provide the capabilities desired by the new spornsor.
Ships, onr the other hand, must have their propulsion unit
iractivated every time they are put out of commission. This 1is
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 mobilization 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 scientific operations fleet
could be considered as an immediate reserve inventory of propul-

“sion units for other OGTB missions.

The above discussion points out ar important requirement
for OGTBs used in military operations if such interchangeability
of missions is to be possible. The OGTBs wused for different
missions need to have standardized 1lirkages. 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 U

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
facilits*e this conversion from commercial to military wuse, it
would be prudent to have cértain special equipments anrnd 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 1is wunfortunate since very few OGTBs have been built with
such funds. (1) Thus, most of the OGTBs previously constructed
do not have the NDFs currently corsidered useful (specified in
Section 4.2) or those that would give them evern more military po-
tential (specified in Section 4.3). However, until the 1law 1is
changed, it is not expected that this situatior will change.

b,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 irnduce 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 Jurne 1979 only five OGIBs were being built with CD3
funds, the two CCT RO/RO and the three Occidental 0il tank OGTBs.
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The rormal procedure for deciding which NDFs to install is
as follows. First, the Maritime Administration (MARAD) forwards
the conceptual or prelimirary designs received from the
applicants for CDS to the Secretary of the Navy (SECHAV) for
comment. These conceptual and prelimirary designs are referred
to the Chief of Naval Operations (CNO) for appropriate action.
The objective of this early submittal 1is to embody the LDF
concepts at the earliest practical stage prior to the submission
of firm planrs and specifications. MARAD will later forward these
firm plans and specificatiors of proposed rew constructior mer-
chart ships to SECNAV for approval. Again they will be forwarded
to CNO who will forward them to the Chief of Naval Material (CHM)
who will collaborate with COMSC and Department of Defense common
user services when appropriate. CHNM, following the guidance of
OPNAVINST 4700.13C presented in the following section, will i=n
coordination with MARAD review these designs early enough to make
recomme' lations for meaningful NDFs before plans are firnalized.
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's
building plarns.
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4,2 Current NDF Requirements

Current guidance specifying which NDFs are appropriate for
various types of wvessels 1is promulgated in the Chief of HNaval
Operation's OPNAV INSTRUCTION 4700.13c of 6 December 19738. The
enclosure to this intructiorn prevides general NDF considerations,
basic NDF standards, and specific NDF criteria applicable to new
ship construction., In the followirg subsection excerpts of this
instruction specifically pertaining to OGTBs are provided.

4,2.1 National Defense Feature Considerations

The enclosure to the irstruction first summarizes the ra-
tiornale for NDFs and what gererally must be considered in their
selection. The text is as follows:

1. NATIONAL DEFENSE FEATURES CONSIDERATIONS

a. The Navy's objective regardinrg the installation of
National Defense Features (NDFs) in merchant ships 1is 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. Goverrment in fime
of war or natioral emergency. Under this objective, ship
designs having potential use as rnaval 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 ration 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 arnd supplies on ocean or intercoastal
routes supporting commerce. Ships dedicated to these
operations should be designed for maximum survivability.

c. The Navy, 1in cooperatiorn with the Maritime
Administration, will conduct desigrn reviews of new con-
struction and conversion of merchant ships to establish na-
tional defense feature goals, examire 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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missiorns or functions suitable for the designs have been
selected, NDFs which would best support those functions
will be recoumended for installation. Farly consideration
of proposed new merchant ship designs will provide for an
efficient design review and will facilitate incorporation
of the NDFs anrd subsequent hardware installation. The
Navy, 1in cooperatiorn with the Maritime Administration, is
prepared to collaborate with prospectiive ship owners,
desigrers, 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 ary 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 o1 the date of this ~instruction, insofar as basic
features are concerned, be considered all-inclusive.
However, future commercial ship design concepts and
changirg rational defenrnse 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, inrcluding 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 1life 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 1load 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 irdividual merit.

4.y
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2.2 SHOCK RESISTANCF. Resistance to damage by sdock
stresses shall be provided by the gerneral exclusion of gray
cast iron 1in equipmncent and systems which affect the surviv-
al capability of the vessel. In lieu of gray cast iron
more shock resistanrt materials will be used.

2.3 FELECTRICAL POWFR., The generating plant capacity shall
be ircreased, where necessary, or space and weight reserva-
tion shall be made for the future installation of addition-
al generating units and/or power distributiorn units for the
ship design under consideration. 1In all cases, with due
consideration to ship type and employment poterntial by the
Department of Deferse, 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 contairers, habitability modules, self defense
systems, and to otherwise facilitate conversiorn to naval
auxiliaries.

2.4 DISTILLING CAPACITY

a. Distillation and feed/potable tankage capacity
shall be provided based on naval ecriteria, where
appropriate, sufficient to facilitate the possible conver-
sion of proposed ships to nrnaval 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 personrel require 25 gallons per
man per day (g/m/d) distilling capacity and 40 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
ruclear 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-

4.5




e

termeasure washdown position for cuach wcuther deck fire
station. The clips and brackels shall be located so  that
the greatest spray coverage 1is obtaived for lifeboats,
weather decks, housetops and bulkhead areas. Provide for
irstallation of radiological monitoring equipment.

2.7 EMBARKED MILITARY PFRSOHNEL. Military personnel will
rot accompany military cargo under normal cirmumstances.
However, consideration shall be given to providing austere
living facilities for those personnel such as
drivers/techniciars who may accompany military equipment
anrd 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 A1, 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; provisiorn should be made for re-
serve electrical power anrd cooling capacity. The
strengthening of masts for additional antenrnna 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 1lashing/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 wup
alongside in open stream discharge.

d. Lighting should be provided to illuminate the
ship's cells, decks and access ways.

4-6
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It shovld be mentioned that with respect to speed, the in-
struction does specify that ships havirng  potential use as
naval/military auxiliaries should have a minimum sustainrneds. speed
of 20 knots. 25 krots is preferred for cargo vessels and & speed
of 16 knots is considered acceptable for tankers, provided that
they can maintain a speed of 15 knots while pumping two products
at a minimum of 3000 g.p.m. each with ensurecd separation. The
Occidental 0il OGTBs will practically fulfill these requirements
but the CCT RG/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 stardards, nore should require
sigrificant changes to the designs of "mechanically~-linked"
0GTBs. Due to its size the tug component has little room to ac-
commodate additional embarked personnel unless they were housed
in self-sustainivg modules. These NDF standards might require
considerable wupgrading of the "loosely-linked" and other Coast
Guard uninspected tugs. How much upgrading would be required is
not known since none of these tugs has ever been built with €DS
funds arnd so has never undergore 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 TUG BARGE, SELF PROPELLED BARGES AND MIS-
CELLANEOUS VESSFLS., Tug/barge designs suitable for ocean
service have potential for wvarious uses in time of

emergency. Due to the rumerous 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 area for military vehicles,
mobile crares and outsize cargo. An integrated tug-barge
combiration shall be examined according to the missions ard
National Defernse Feature requirements of the corresponding
ship type. Thus, a RO/RO barge shall meet the same
starndards 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 rormally be built with
CDS funds, the specific NDF criteria for these types of barges as
specified in the instruction are provided in the rext
subsections.




Speeitfiic NLF Criteria for RO/LU ond Combiratior 0GTBs/Ships

3.4 RO/RO AND COMBINATION SHIPS 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

e. 1.3f. Fleet Resupply.

f. The actual installation will include ramps of ade-
quate design to allow onloading ard offloading of military
tanks (60 1long 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. Consideraiion should be given to
the installation of ore thirty (30) long ton crane with 30
foot outreach. Access doors, sideports ard ramps shall
have a mirimum 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 z 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 Tarnk 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 1lifts of outsize
military cargo.

e. 1.31., Serve as deployable platform for 2 large
capacity mobile crares for the purpose of unloadinrg
nonself- sustaining containerships; i.e., a Temporary Con-
tainer Discharge Facility (TCDF) and heavy/outsize cargo
lift transporter.

f. For military purposes, tarkers of less than 40,000
DWT are generally more suitable than tankers in excess of
40,000 DWT. Tankers in excess of 40,000 DWT are more sus-
ceptible to certain influence mines with coarse settings,
and they lack the maneuverability anrnd versatility provided
by equal capacity in several smaller ships. Tankers in ex-
cess of 40,000 DWT do have value in moving large quantities
of fuel between ports which can accommodate them, consoli-
daticvw of petroleum products to a naval replerishment 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. MNaval 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 40,000 DWT have high poten-
tial for wuse as naval auxiliaries; both for general POL
transportation and operating withestaval 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 1lift capability to bring aboard
terminal sea hoses. Provision is to be made for two (2)
refueling at sea statiors, both port and starboard,
highlire 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
refuelinrg station shall be capable of transferring product
at a minimum of 3000 GPM while maintaining a speed of 15
kKnots. Consideration shall be given for stations to re-
ceive double hose rigs (probe/conventional combination) for
naval units.

b. Tankers larger than U40,000 DWT, but 1less than
100,000 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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¢. Tankers by the rature of their construction have
broad deck areas that lend themselves to the transport of

outsize military cargo on deck. Thus, it is considered: de-
sirable that, where feasible, piping and deck fittings be
arranged to provide maximum clear deck space for lifts of
opportunity ard, where possible, limited capability for
helicopter operations.
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4.3 Suggestions for an Additional NDF for OGTBs

The criteria specified ir 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 ofter before, O0GTBs
differ from ships due to their lirkages 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 1is 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
¢riterion providing for such interchangeability.

Therefore, it 1is 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 1is 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 corducted on the comparative perfor-
mance of the several 1linkage designs. Some of the major
objectives of such research should be:

(1) A comparison of the commercial performance of the various
linkages 1including their cost, ability to operate in heavy
weather, linkage drag, etc.

(2) A comparision of the military performance of the various
linkages includirg 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 includirg 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 M3C during peacetime in cargo
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transport anrd fleet support missions as well as the lirkage that
might be used for reserve fleet 0GTBs.

It should be realized that this whole discussion has been
predicated on the assumption thal OGTBs built under CDS should
have some standard linkage to allow interchangeability.
Unforturnately, few of the many OGTBs have been or are being built
with such funds. This is because OGTBs are usually more appro-
priate for short distance shuttle or ccastal 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 1linkages. This 1is
unfortunate, 1ir 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 1little that can be done to remedy the
situation. Only if the government sponsored research proves ore
system so superior to the others or if the law is changed to pro-
vide economic incentives for 1linkage standardization on O0OGTBs
used in domestic commerce will standard OGTB linkages become a
reality. Otherwise, there will be insufficient ecoromic motiva-
tion for the industry to standardize on its own.
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CHAPTER 5

PROCUREMENT STRATEGIES FOR A
MSC OWNED/OPERATED OGTB CONTINGENCY FLEET

5.1 General Contirngency Operation Considerations
i

In any contingency operation the demand for ships to carry
logistic materiél will expand dramatically. For example, MSC's
Controlled Fleet expanded from 201 vessels on 1 July 1965 to U448
vessels on 1 July 1966 to accommodate increased logistic
requiremerts 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 1increased 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 540 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 hdrm to U.S. flag domestic and for-
eign shippirng. Besides, many of the modern, highly productive
vessels, such as non-selfsustaining container ships anrd
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 orly 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 ard 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. Fven if these vessels were reliable, which
is questionable due to the age of their deck and propulsiorn
machinery, they still would rot provide even half of the vessels
used during the Viet Nam operatiors.

Given the above argume~t, it would seem that the transport
requirements of a major contingency actiorn like Viet Nam might
not be met without either a major disruption to the commercial
fleet or the irnvestment of new additions to the NDRF. Neither
policy 1is currently economically or politically viable.
Certainly, having nrew 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 wused 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 mcde,
they make most efficient use of propulsion and cargo components
so0 that fewer propulsion wunits and men can transport the same
amount of cargo.

The question 1is, 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 0GTBs,
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 interchanrgeability of tugs and
barges, it 1is 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-
chargeable 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 operatiors, could be economically and ef-
ficiently performed by OGTBs.

It certainly would be possiple 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.

5-2
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And, wher mission requirements change, the tugs and barges could
be wutilized most efficiently to handle the new missiorn
requirements. For example, during a contingency, tug units could
be removed from scientific support barges and used to help handle
the increased cargo transport requirements via drop-and-swap
operation.. The same could be dcrne to help support increased Havy
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
durirg peacetime, thereby eliminating most economical and politi-
cal arguments against 1its 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 Tugs

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 standard linkage gear installed
to allow them to mate with military barges wused in contingency
operations for cargo transport and/or fleet support. In
peacetime, these tugs could perform several wuseful missiorns
including salvage, firefighting, pollution control, offshore
defernse, 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 inexpersive to build and
operate. Most of the super-powered commercial tugs have cost
less thar $15 million to build and are manned with less than 16
men. A Navy tug evan with double the manning ought not to cost
more than twice its commercial equivalent when fully equipped
with 1linkage 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.

5-3
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Converted Commercial Tupon

There are several pussible strategies that would ensure
that at least some commercial tugs could be used to augment the
Naval Keserve fleet of OGTB tugs. One simple ore would be to re-
quire that all 0GTBs built with CDS funds in the future have HNavy
standard linkages so that they could be used to mate with Havy
barges. This would allow them to be used with barges especially
tailored for military operations rather than their commercial
barges that would be of questiorable military value, i.e., dry
bulk barges.

Another strategy would be to choose as the Navy standard
linkage a desigr that could be easily retrofitted onto many of
the commercial tugs currently in operation. A 1linkage such as
ARTUBAR which could accommodate differences in the tugs' bow and
barges' stern rotch shape might be suitable for this purpose. In
this ca. :, during a major contingency those tugs previously de-
termired 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 ard stockpiling of the proper
lirkage gear, identification of suitable tugs for conversion, and
idertification 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 cperation.

NDRF Barges

As mentioned previously, the NDRF consists primarily of 35
year o0ld 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 Dbarges capable of moderate speed push-tow
operation. Such a conversion would not be without cost since the
propulsion machinery ard deckhouse would have to removed and a
notch incorporated into the stern. This cost could be reduced

5.4
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substantially if the wachinery cowpornent 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-baryge conversion strategy. After conversion no machinery
would be inactive, since the propulsion tugs would be operating
ir 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 ard then it could be mated with ary 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 extendirng the 1ife 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. f

Warehouse/Storage Barge Facilities

Another possible source of reserve barges could be in
floating warehouse/storage/tark facilities. That is, much of the :
military's war reserve and inactive stocks could be prepositionred
onboard Dbarges 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 desigred so as to be acces-
sible for stock removal and rotation as well as quick discharge

‘ at contingency ports. Since these barges will require mirnimal 1
l machinery they should be veryqginexpensive to maintain. To reduce
their mainternance cost evern 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 rnot be importanrt since most military

cargo is volume rather than weight limiting.

Converted Commercial Barges i

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- f

tential military usefulness built with CDS funds could be

required to have a linkage capable of mating with military 0OGTB

tugs. 1In addition, the standard Navy 1linkage should also be

l desigred 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 just a few of the possible strategies for
providing the assets needed to au,ment the peacetime fleet of
0GTBs for contirgency operations. Although none of these
strategies 1is without cost, they do allow reserve OGTBs to be
used for varicus peacetime missions. Theve should be sufficient
applications to justify their procurement as part of a total Navy
OGTB fleet strategy.
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APPENDIX A

OCEAN GOING BARGES GREATER THAN

2500 GROSS RIEGISTERED TOXKS




Column
1l Barge name
2 Gross registered tonnage
ﬁ 3 Length (feet)
E 4 Breadth
i 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
cor Covered and Tank
LGT  Lighter
ITN Independent Tank Carrier
GCA general cargo

10
11
12

Ocean Going Barges > 2500 GRT

Explanation of Chart of

Year constructed

Owner

Yard of construction

Port of Registry

Linkages

1l - 1lst Generation

2 - 2nd Generation

3 - 3rd Generation
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APPENDIX B

OCEAN GOING TANK BARGES GREATER
THAN 50,000 BARREL CAPACITY
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Column

4
5
6
' 7
8
9

! 10

Explanation of Chart of
Ocean Going Tank Barges > 50000 BBL

Tank Barge Name

Gross registered tonnage

Hull Informatiocn

Side Code

*Single Side Skin

0 Non water tight (independent tanks)
W Double sides

Bottom Code

* Single bottom/skin

P Partial double bottom
F  Full double bottom

Year of construction

Length (feet)

Breadth

Draft

Operator/owner

Hull Type- Refers to tank barge hull type
indicated on "Certificate of Inspection"

1l Type I
2 Type 1I
3 Type III

If no hull type indicated on "Certificate of Inspection,”
Type III is assumed.

Grade of Cargo - refersvto highest product grade that may
be carried as indicated on "Certificate of Inspection”.

S an Ak ie b e A 8 & R it Y v
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Highest Grade Certified 1
Subchapter Title "D"
Grade A AA
Grade B BB ]
Grade C cC 1
Grade D DD ‘ }
Grade E EE 1

Liquefied Petroleum Gases

Butane LF
Propane LF
Propylene LF

Subchapter Title "D/0" and "0/I"

Grade A AX
; Grade B BX
~ Grade C CcX
Grade D DX
S Grade E EX

g Grade 0 and other XX 1

; Liquefied Petroleum Gases :

' Butadiene " LF j
Motor Fuel Anti-Knock Compounds TL

% Acids ’

% Hydorchloric AH ?
i Phosphoric AP
‘ Sulphuric AS
; Anhydrous Ammonia NH
| Caustic Soda sc
| ‘ Chlorine ‘CL
o Class B Poisons BP
f Phorphorous, Elemental PH

Sulfur, Molten MS




i
!

11

12
13
14

The total capacity is indicated by amount in:
B number of barrels

G number of gallons

T number of short tons

Yard of Construction

Port of Registry

Linkages

1 - 1st Generation

2 - 2nd Generation

3 - 3rd Generation

.
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APPENDIX C

TUGS GREATER THAN 3000 HP

s e e = g e




Column

N oY oo W

10
11
12

Explanation for Chart cf
Tugs > 3000 HP

Vessel name
Vessel type
TG Tug
TS Tug/Supply
SU Supply
SL Salvage
Year Built
Length Overall x Draft (ft)
Continuous horsepower
Speed-Maximum without towing
Gross registered tonnage
A < 200
200< B < 300
C > 300
Towing Certification
OTS - +Al Ocean Towing Service
Operating Fleet/Owner
Port of Registry
Yard in which constructed
Linkage Type
1 - 1st Generation

2 - 2nd Generation

3 - 3rd Generation
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APPENDIX D

DROP-AND-SWAP COMPUTER MODEL:

FORMULATION AND ASSUMPTIONS
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APPEIDIX D

DROP-AID-CWAP COMPULYER MOD:ZL: TPORMULATION AND ADISUMPTIONDG*

D.1 Model Formulation

The drop-and-swup conmpuber model has been developed to muie
an econonmic compurison of the operation ol push-towed ocexun going
tug-barge combinations in  the droj-and-swap versus integrzal
modes. As shown in the model Tformulation summary in Figure D.1,
the model makes this comparison by determining for both modes the
number of tugs and barges and the barge speecd, usize (DW?), and
form (block coefficient--Cb, length-breandtn ratio-~L/B,
breadth-draft ratio--B/7) that resultis in ~the minimum required
freight rate for cargo transported on a2 port pair  trade. (2)
This 1is subject to the conditions that the system has sufficient
ton-mile cupacity to carry the annual carge flow.s and  sulficzcians
number of terminal facilities at each pori to handle thie annua
port throughput.

The objective function, the required freight rate {(rfr), is
equal to the system capital costs (tugs, Dbarges, terminel =2n3
storage facilities) divided by u prescnt value factor (%) plus
system annual operating costs (fuel costs, creviing costs, storage
and terminul costs, etc.) all divided by the annual curgo flows.
As shown in Figure D.2, these capital and operating costs are
nonlinear Functions of ihe port pair trade parameters—--pori sepa-
ration distance, terminal facility loading/discharging rates, angd
annual cargo flows--as well as the five continuous and three in-
tegral system variables--Barge DWT, Speed, Cb, L/B, B/7T; Humber
of Tugs, Humber 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 Dbe understood from
context. If there 1s 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 basis. It is a2 function of the capitul's pre-tax discount
rate or rate of return and the economic life of the system.
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Objective Function:

Minimize (Required Freight Rate)

For a port pair

trade defined by:

(1) Port secparation distance

(2) Terminal facilities loading/discharging rates

(3) Required annual cargo flows

Capacity Constraints:

Ton-mile:

(No. Tugs) x (Barge DWT) x (m——t—"—) %

Terminal Facility:

(No. Facilities per Port)x (

Continuity Constraint:

Required Annual )w

No. Vcvages
Tug-Year Cargo Flows

Annual Thruput, _/Required Annual |
per Facility “l cargo flows
Through Port

{(No. Barges) = (No.Tugs) +(No. Barges-Port 1) + (No. Barges-Port 2)

Parameter Boundary Constraints:

mindwt <

minspeed

A

mincb

A

minlb

A

minbt

A

Integrality Conditions

No. Tugs
No. BRarges -
No. BRarges -

Barge DWT < maxdwt
Tug-Barge Speed < maxsveed
Barge CB < maxcb
Tug-Barge 1L/B < maxlb
Barge B/T < maxbt

port 1 integer
Fort 2

Figure D.1

Model Formulation




Capital Couts
. . s + Ar O eratine Costs
Required Freight Rate = vy % Annual Gierating Costs
L Anpual Cargo Flows

Capital Costs = (MNo. pParges) x {Barge Cost) + (No. Tugs) x (Tug Cost)

+ (Tcrminal Cosnts) + (Storage costs) i
Barge Cost = f{Barge DUT, L/B, B/T, Cg}

Tug Cost = f{Installed Horse power (IP)} i
IHP = f{narge DWT, L/B, B/T, CB’ Tug-Barge Spced}

NPy W

Terminal = f.Terminal Loading/Discharging Rates}
Cost )
Storage . '
= Y{Barge DWT
Cost { ¢ !
Annual Operating “osts = Fuel Costs + Terminal Costs

+Storage Costs + M&R Costs
+Crewing and Subsistence Costs-
+Insurance Costs + Administrative Costs

Fuel Costs = Seatime x (Sea Fuel Consumption Rates)
+port time x (Port Fuel Consumption Rate)

Port Separation Distance,
Tug-Barce Speed 4
=f Barge DVWT
Terminal Facility L/D Rate

(' Seatime =f(

)

Port Time

Rarge DWT, L/B, B/T?
Sea Fuel Consumption Rate=f{(Block Coefficient;
Tug= Rarge Specd

Port Fuel Consumption Rate =f(Hotel Load) = constant :

Terminal Costs = f(Aanual Cargo Flows)

Storage Costs = f(Annual Cargo Flows)

Maintenance and Repair Costs 1

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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3 dinea bhe baob o boeees o veriabier ust o be dinlesral, thic wer o
; the model's Torn o mived-iate e non-linear prosraa. Procs s o

thic  Lype  are wnotu  ameasble Yor oolution by opbimise . ion
3 techaigt o, L7 tney oqn be solved ot al1, i1 13 usually by oome

sophisitlicatod sonoeialized Lechniqus: that vronsforas the modasl  to
one tnnt i easicr Lo solve bul with many more variables.  Hathor
them Laxing tuils approsen, L odeeided to use tne brute force et
od ol " 2xhnustvive enwneration becsase 1t is the simplest to pre-
gram and becuuse 1t provides good results at reasonable cost when
the ranges of the variables to be considered are chos:n
judiciously. With this approach, 1 calceulated for each port puir
trade and for both modes of operation the required freight rate
for all possibls combinations of the discretized values (4) of
the Tive continuous sysiem variables. Given a specific coubina-
tion of these variables, the capacity and continuity constraints
determine the values of the three integer variables.

Stnce I used discretized values for the continuous
variables, the minimum required 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, 4 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
governea 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 1is shown in flow chart form in Pigure D.3. A brief discus-
sion of the overall logic in this section will be followed Dby a
detailed discussion of each step in the next section.

The program begins by asking the user to specify the port
pair trudes to be considered as well as the parametric ranges and
increments of the five continuous system variables. 1t then asks

(4) To 1imit {he number of combinations to o Ziaite 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
changes in the variable.
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Figure D.3

Summary Flowchart for Drop-And-Swap
‘ Computer Model




th oer Lo e Uy wheelher ne o wishen Lo chinge any o048 L
cueltl--Clned persoioLors Lo wre wsed I tne cost o caleulabions.
Followin-«. tni.w, it nanis the uoer to gspecify what form ™ woents
tne ounpab. oo progreea Lhen begoing the cost ealeulations Yor o u
gpesiiie port puir troule iterstion defined by port sepurawtion
distenee and borainul  lowding/diccharging  rates. Given ‘Lucse

port puair  irade parauacters, bthe mode2l doetermines the nunber of
terainagl Tacilitices witu the specified loading/discharging rate
(and  the nuiber of burges for the drop-und-swap mode) thut are
required at cuach port.

Then the progrum selects the next iterative values for the
four barge size and form system variables--Barge DWT, Cb, L/B,
and B/7. Given thesce values, it calculates the barge 1lengta,
! hull steel weight, cost, and the tug and barge principal
dimensions. The program then checks to see 1if these systen
variazoles are feasible in that they fit within the interpolation
table ranges for the tug-barge residual resistance coefficients.
1f not, the program skips to the next iteration of the four barge
size and form variables. If so, the program selects the next
iterztive value of tug-barge speed and calculates the horsepower
required to be delivered to the propeller of +the tug, the
tug~burge resistance, and finally the horsepower of the engine
required to be installed onboard the tug. Given these values,
the cost of tho tug is calculated and then the number of- tugs
required to provide sufficient +transport capacity for Dboin
drop-und-swap and integral modes. Then the operating costs and
the total capital costs are determined for both modes. TFrom
these the rfr can be determined. If the rfr is 1less +than +that
calulated during previous iterations of the five continuous sys- ,
tem variavles, it is saved; otherwisce, it is ignored. After all i
iterations of +the variables are examined, the minimum rfr found 1
is stcred for that port pair trade. After all of the port pair
trades are examined the program can present the results in vari-
ous graphical forms.

D.3 Drop-and-Swap Program Detailed Logic and Assumptions

' The detailed logic and assumpiions used in the

. drop-and-swap program are shown in flowchart form in Section D.4.
It will be useful to refer to these flowcharts in the discussions
to follow.

D.%.1 Input of Port Pair Trade and System Variables
{Refer to Figure D.4)

After typing the execution command "drop and swap", the
progran reads from tape into memory the values of The loadline
‘ factor, residual resistince coefficisnt, self-propulsion factor,
and propeller design coefficient urrays. The program then asks
the nser to "uinput via list format the following parameters:".
(To input via 1list forwmatv, the user types in the value of the i
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requocted puraacter followed by o comma. )  The first request 1. o

guasLion oa o Lne desired  form ol the berminal Troeei Uity
lowding/discnrging rates: “Do you wishh to specify individy.l L-o
rates?m, i bhe  user o answers HuﬂLL]V(lJ ("no", "n", or "ov,,
then L progronm requests values tfor "miarable, maxratz, delraba".,

This i3 a requ:st for u range of  louding/dischargzing rates  in
tons por dny  per  terailnal Taclility  to be investigated, fron

"minrate" to "uaxrwhc" in "delrate" incromonts. It is ascumed
that tne 1loading and unloading rates at both terminals will be
the same ("rloudt"="runloadl"="rload2"="1runload?2"). Also, izt
"delrute"™ 1s setv to zero, then a "delrate" equal to 1000 is

assumed. If, on the other hand, {the user answers affirmatively
("yc“", "y", or M"i") to the loading/discharging rate question,

then the program requests values Tfor "rload!l, runloadl, rlondZ2,
runlond2". This i3 a request for a ope01ilc set of terminal I=a-
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, mwmaxdist, deldist". This is a request for a range of
port separation distances in nautical miles to be considered fron
"mindist" to "maxdist" by "deldist" increments. If "deldist" of
zero 1is inputted, +then a "deldist" of 1000 nautical miles is
assumed. Any set of port separation distancos may be considered.

Next the program requests values for '"minspeed, maxspee
delspeed". This is a reguest for a range of lug-barge speeds in
knots to Dbe considered from '"minspeged" to "maxspeed" by

"delspeed" increments. 1f "delspced" of zero is inputted, then a
"delspeed" of 1.0 knot 1is =assumed. Any set of speeds cun be
considered. liovwaver, a minimum speed of six knots and a nmaxinun
of twelve or thirteen knots will usually cover the optimun speed
range and will not exceed the boundary restrictions for Froude
number and [HP shown ia Table 2.4.

Next the program requests values of "mindwt, maxdwt,

‘deldwi". This 1s a request for a range of Dbarge cargo
deadweights in long tons (LT) to be considered from "mindwt" +to
"maxdwu"” by "deldwt" increments. If "deldwt" of =zero is

inputted, then a "deldwt" of 5000 LT 1is assumed. Any set of
deadweights from 5000 to 80,000 LT can be used.

kext the progran requests valuas for "aflowavel,
aflowave2". This is a request for the annual average cargo flona
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
exanple, if a one way trade is desired, then "aflowave2" is set
to zero.

Next the program requests values for the three barge form

variables, "mincb, maxcb, delcb", "minlb, maxlb, delld", and
"minbt, maxbt, delbt". These three roquests are for the ranges

D-8
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of the burge bloek cocilici.mt (Cb), tusg=baroe lengti-broadih roa-
tio  (L/BE), and Lo broadth=dreadt ratio (5/0) Yo be consiierod
from "mined", "minlb", "miabo" to "maxeb™,  M"mexdb",  "maxob" o Ly

"delcb", "dellb", "doelout" incrementis, respeetively. 1€ "deleb™,
"dell