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EXECUTIVE SUPS4ARy

The Ports arid Waterways Safety Act of 1972, was enacted on 10 July1972. The purpose of the Act is to prom ote the safety . of ports , harbors ,waterfr ont areas and naviga ble waters of the United States .

Section 203 of the Act requires that the Secretary , for a period often years following the enac~~ent of Title II, make a report to the Con-I grass at the beginning of each regular session, regarding his activitiesunder the Title and sets forth in som. detail the matters to be covered .

I The report begins with a general description of the approach to theL deye1o~~ent of standards and cont inues with progress that has been
accomplished in those areas indicat ed in Section 203. The specific topics

i discussed under these areas are as o w t

Safety of Naviga tion

(a) Describes INCO sn~~ents to SOLAS ‘60 which will r equir e navi-L gational squi~~.nt such as radar , echo sounders and gyro-compass to bemade mandato ry for ships on international voyages.I (b) Describea purp ose of traffi c separat ion sch~~es that have beenadopted by IMQ) . -

(c) Statei that LORAN—C could provid, sufficient accuracy for
vessels to maintain their positions within traffic separation sch~~es.
International Regulation for Collision Avoidanc.

INCO produced the Convention on the International Regulations forPreventing Collisions at Sea, 1972, which revise, and brings up to datethe existing Convention.

r Domestic Vessel Traffic Syst~~

Describes the authority and establis) .nt of Coast Guard vesseltraffic syst~~ in San Francisco Bay and Puget Sound .
I Vessel Bridge-to-Brjdg, Radiotelepbo~~ C~~~wij catj one

Regulations iRpl .nting the Vessel Bridge-to—Bridge Rediot.lephoneAct b c e  effective January 1, 1973.

Maneuvering

Data is being acquired for an in-depth analysis. The Coast Guard has

I
I 
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I I
published a Notice of Proposed Rule Making which would req uire certain
vessels to have the maneuvering characteristics data of the ship in
its pilot-house.

Segregated Ballast Tankers

I This study has been completed and presented to IMCO . It is attached
as Annex II.

Pollution Pr evention Regulations

The Coast Guard has issued regulations governing the design, con-
• struction, and operation of vessels operating in the navigable water s

1. and on onshore and offshore facilities engaged in the transfer of oil
in bulk to and from vessels . The purpose of these regulations is to re-

r duce the possibility of an accidental discharge of oil or oily waste dur-
j  j og the normal operations .

INCO Marine Pollution Conference

I IMCO has decided to convene, in 1973 , an international conference
on marine pollution for purpose of preparing a suitable international

I agreesent to place restraints on the contamination of. the sea by ships,
vessels or other equipsent operating in the marine envirorisent.

Tanker Outflow

The IMCO Assesbly in 1971. adopted new vessel construction standards
aimed at limiting the possible cisc of oil spills resulting from a tanker
collision or grounding.

Spill-Risk Analysis

The Coast Guard contracted the Operation, R search, Inc . to under-
take a study for the development of spill—risk analysis. Th. objective
of the study i* to determine a method of selecting cost—effective combi-

I nations of protective equipment or regulations which will decrease the
probability of spill—causing accidents .

I
Conclusions ar. set for th on page 20 of the Report .

ANNEXES

Ann x I of the repor t presents a syst s approach to the improve-[ sent of standards under the Ports and Waterways Safety Act of 1972.

1
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c

Annex II is the Report on Segregated Ballast Tankers that the Coast

I Guard subnitt ed to the INCO Subco~~ ittee on Ship Design and Equip ment
and the INCO Subcosmiitt.e on Mar ine Pol lution in June 1972.

Annex III is an Analysis of Oil Outf low Due to Tanker Accidents
I that the Coast Guard su~ tittsd to the IMCO Subc~~~ itt ee on Ship Design
I. and Equipment and the IMCO Subccmeittee on Marine Pollution in November

1972.
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REPORT TO CONGRESS

Ii
INTRODUCTION

11
The Ports and Waterways Safety Act of 1972, was enacted on 10

July 1972. The purpose of the Act is to pr~note the safety of ports,

harbors , waterfront areas and navigable waters of the United States.

The Act is divided into two parts , namely :

TITLE I - Ports and Waterways Safety and Environ-

mental Quality

TITLE II - Vessels Carrying Certain Cargoes in Bulk

Title II amends Section 44l7a of the Revised Statutes (46 USC 39la).

This Section is commonly called the Tank Vessel Act. The stat ement of

policy for Title II declares, inter alia ,

“That existing standards...of such vessels must be im-
proved for the adequate protection of the marine en-
viro rin ent. ” and -

“That it is necessary that there be established . . .com-
prehensive minimum standards of design, construction ,
alteration, repair , maintenance and operation to pre-
vent or mitigate the hazards of life, property , and
the marine enviro zstent. ”

The Tank Vessel Act gave the U.S .  Coast Guard authorit y to develop

and enforce standards for the safety of such vessels . The stat ement of

policy in Title II now adds another facet to this authority in that it

addresses a requirement for vessel standards for the purposes of pro—

tecting the marine envirorment.

I
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• Section 203 of the Act states:

“Sec. 203. The Secretary of the Department in

- 
which the Coast Guard is operating shall , for a period
of ten years following the enactment of this title, make
a report to the Congress at the beginning of each regular
session, regarding his activities under this title. Such
rep ort shall include but not be limited to (A) a descri p—
tion of the rules and regulations prescribed by the
Secretary (i) to improve vessel maneuvering and stopping

- ability and otherwise reduce the risks of collisions,
groundings, and other accidents, (ii) to reduce cargo loss

- in the event of collision, groundings, and other accidents,
and (iii) to reduce damage to the marine envirorrtent from
the normal operation of the vessels to which this title
applies, (B) the progress made with respect to the adop-
tion of international standards for the design, construc-

• tion, alteration, and repair of vessels to which this
— title applies for protection of the marine enviroranent,

- 
and (C) to the extent that the Secretary finds standards
with respect to the design, construction, alteration, and
repair of vessels for the purposes set forth in (A) (i),
(it), or (iii) above not possible, an explanation of the
reasons therefor.”

This initial report is therefore being submitted as required by

1 Section 203, Title II, of the Ports and Waterways Safety Act of 1972.

The report which follows begins with a general- description of the

approach to the developsent of standards for the protection of the

marine environment and a word about resources. The report will then

continue with progress that has been accomplished in those areas m di-

cated in parts A , B and C of Section 203.

ii
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R
APPROACH

When the U.S. Coast G.iard was transferred to the Department of

Transportation in 1967, it was recognized that the traditional emphasis

on safety alone would not be consistent with the needs of the Depart-

ment or the times. Other factors found to be of major concern in the

regulation of the marine industry were environmental protection, facili-

tation and efficiency. Therefore, Title II of the Ports and Waterways

Safety Act requires little, if any , change in what the Coast Guard is

doing. It does, however, require a change in how the Coast Guard is

doing it.

To meet this change required by Title II of the Act, a project

was established to provide a systems approach to develop improved

- 

vessel standards for the purposes of protection of the marine environ-

ment. This project is outlined in Annex I and comprises three phases

as follows:

- . Phase I - Data Acquisition and Improvement

F . Phase II — Problem Analysis and Selection of Alter—

natives

•Phase III - Regulation Development and Promulgation

Augmentation of existing personnel may be necessary in order to

accomplish this project. Resources may be obtained as a result of

I reassignments from a workload analysis and the elimination of some of

the workload presently being perform ed by program personn el.

11
3
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PROGRESS

1!
General

The U.S. Coast Guard has not been unaware of the problems atten-

dant upon the protection of the marine environment. In point of fact,

- many of the regulations promulgated under Section 44l7a of the Revised

I .  S ta tu tes, prior to the present amendment, can be and are considered as

- 
regulations to maintain the integrity of the containment of bulk car-

goes hazardous “to life, property , the navigable waters of the United

States and the resources contained therein” and therefore responsive

to the mandate of Title II .  In the aftermath of the TORRE Y CANYON

disaster in 1967, interest in the United States was high for the imple-

mentation of corrective measures at a national level and in inter-

national cooperation toward this goal. It is generally recognized

- that actions to be taken in both areas should be interdependent and

compatible. To this end, the Coast Guard has been heavily involved in

the deliberations of the Intergovernmental Maritime Consultative Organi-

zation (IMCO) directed toward the prevention and elimination of the

pollution of the seas.

Much effort has been undertaken toward the protection of the

marine environment. The following sections provide information on

actions taken or being taken that relate to objectives stated in

Section 203 of the Act.

I
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To Re~du.ce. RAo t~ o~ CoU~o~on.o, G idi np~ and OtJw~ Ac~cLden.t~

Safety of Navigation

Considerable effort has been undertaken by IMCO to introduce mea-

L sures and policies designed to iricrase the safety of navigation.

Among the most important are those requiring the compulsory carriage

of navigational equipment and the application on a voluntary basis of

the principle of ships routing and separation of traffic.

Navigational equipment such as radar, echo sounders and gyro-

compass which have so far been carried at the discretion of the owner

or master will be made mandatory for ships above a certain size. This

is in addition to the presently required direction finder. These re-

quirements take the form of amendments to the International Convention

~or the Safety of Life at Sea, 1960 (SOLAS 60) as approved by the

F Assembly of IMCO. In addition to the above, further amendments to SOLAS

were approved by the Assembly requiring possession on board of adequate
- charts and nautical publications and by regulating the use of auto-

11 matic pilots.

These amendments designed to reduce the incidence of collisions or

I groundings were ratified by the United States subsequent to the ed”ice

and consent of the Senate. They will come into effect, internationally,

one year after ratification by two—thirds of the signatory nations to

SOLAS 60.

h



•

Traffic separation schemes have been adopted by IMCO in 50 areas

where there is dense or converging t raf f ic ,  with the object of re-

ducing the number of ships meeting on opposite or nearl y opposite

L courses thus , lessening the risk of collision. Detailed descriptions

are included in national maritime publications and charts and in a

comprehensive publication which has been issued by IMCO . Since the

subject is continuously under review , existing schemes are updated or

new ones introduced as necessary.

Two major traffic separation techniques are used in the coastal

confluence region; they are the harbor approach lanes, and coastal

traffic lanes. In most cases, opposing one way traffic lanes are

separated by a buffer zone. For the harbor approaches that extend

more than fifty miles (approximately) out to sea, such as New York,

the lane width is five nautical miles, and it narrows to one nautical

mile at the harbor entrance. For the coast—wise traffic lane, as

exemplified by the Santa Barbara-San Pedro lanes, the lane widths are

one nautical mile each, separated by a two nautical mile buffer zone.

Loran-C holds promise as a navigational system that will provide

sufficient accuracy by which vessels could maintain their positions

within these traffic separation schemes. Loran—c may be used to assure

that a ship can stay within the bounds of its shipping lane a very high
percent of the time. If the accuracy of the “aid” is at least ± 0.25

nautical mile , 95 percent of the time for a one nautical mile lane

I [ width,  and at least ±1.0 nautical mile for a five nautical mile lane

I;
6
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1 _

[ width, a ship can remain within the bounds of its t raff ic  lane .

Loran-C has this accuracy capability .

International Regulations for Collision Avoidance

An IMC~ sponsored international conference held in October 1972

- produced the Convention on the International Regulations for Pre-

L venting Collisions at Sea. This Convention revises and brings up to

F date the International Regulations for Preventing Collisions at Sea

which are annexed to the Final Act of the International Conference on

I Safety of Life at Sea, 1960. The new Convention will come into force

- 
twelve months after the date on which at least 15 countries, the ag-

• - gregate of whose merchant fleets constitutes not less than 65% by

F n~unber of by tonnage of the world fleet of vessels of 100 gross tons
-

~ and over have become parties to it , whichever is achieved first  but

I not before January 1, 1976 . The Convention will be submitted to the

Senate for its advice and consent.

- In the past these international regulations were not in conven-

I tion form and could not be amended . The new Convention will permit

changes through the IMCO procedures. In addition to updating the

1 regulations and stating them in more understandable language, the new

Convention increases the visibility ranges for navigation lights and

I requires more efficient sound signalling apparatus. It includes rules

I which induce mariners to take action to avoid collisions at an early

time and rules applying to vessels navigating in or near t raff ic

I
1
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separation schemes adopted by IMcO. These changes, when in effect,

should help avoid collisions and groundings.

I
Domestic Vessel Traff ic  System

While the au thority for establislinent of vessel traffic systems

- 
is provided in Title I of the Act, it is felt these systems will be

11 effective in the reductidn of collisions and groundings. The Coast

Guard has been developing methods for analyzing the need for such

systems in specific ports and waterways. Sane broad objectives are:

• Reduce the probability of ship collisions or
groundings in ports and waterways and thereby

- 
reduce shipboard injuries and deaths and loss
or damage to vessels and cargo.

• Protect ports and waterways from pollution caused
by spills of petroleum products and other haz-
ardous substances resulting from ship collisic~ns
or groundings.

• Facilitate waterborne commerce in ports and water-
• ways by providing greatly improved all weather

navigational aids.

• Protect shoreside facilities by reducing the
number of collisions or groundings in adjacent
waters.

In January 1970, an experimental Harbor Advisory Radar (MAR) was

placed in service in San Francisco Harbor . It became operational in

July 1972 , with an improved communications network. By early 1973,

there will be a new control center on Yerba Buena Is land with improved

radar surveillance and communications equipment. This Vessel Traffic

Control Center will be a functionally reliable system capable of pro-

I ~ viding full  time service.

I! 8
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II
The waters of Puget Sound were selected as the second ma j or test

site for Vessel Traffic Systems (VTS) . The geographical configuration

of Puget Sound is quite different from San Francisco Bay thus provid-

ing the opportunity to develop concepts generally applicable to long ,

relatively narrow channels as opposed to the concepts developed for

congested harbors . Puget Sound has a great variety of marine t raff ic

and is one of the wor ld ’s great marine recreation areas . Small rec-

F reational boats abound , as do email commercial fishing vessels. Other

marine traffic ranges from tugs and barges to deep-draft, ocean-going

Ii naval and merchant vessels. If the Trans-Alaska Pipeline becomes a

- reality it will also see an increase in tank—ship activity as one

- delivery point of oil from Valdee, Alaska.

The Puget Sound ‘/TS became operational in September 1972. The

iiiitial system has two primary features: a ‘/I*~ communications net—

I: work, and a traffic separation scheme or traffic lanes. This system

- provides participating vessels with information as to the location and

movement of other vessels, hazard s to navigation, and unusual weather

and sea conditions . In addition, we will be making general broadcasts

to non-participating vessels, i .e.,  vessels that are not equipped with

the radio equipment required for full participation.

Vessel Bridge-to—Bridge Radiotele phone Communications

Regulations implementing the Vessel Bridg e— to-Br idg e Radiotelephon.

Act , P.L. 92-63, which was signed by President Nixon on August 4, 1971,

I’
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-

-. became effective January 1, l9~3. The basic intent of the Act is to

provide a positive means whereby the operators of vessels can instantly

communicate with each other by VHF radio-telephone in order to exchange

information necessary for the safe navigation of their vessels. The

I Domestic Vessel Traffic Systems established by the Coast Guard incor-

- porates the use of VHF radio— telephone communications and will utilize

- the bridge-to-bridge radiotelephone frequency as the primary circuit

for conducting its operations. This legislation will not only contri-

bute to the safety of life and property but should be a significant

Ii factor in the avoidance of collisions and thereby in the prevention of

pollution of the enviror stent.

- 
Maneuvering

The limited historical data on the very large crude carriers

(VLct) do not establish that their accident record involving the

manevuer ing element is any worse than that for smaller tankers ; i .e . ,

1: collisions , grounding s and rammings. Based on a prelimina ry analysis

of tanker casualties, there appears to be no correlation between

- 
F. tanker size and type or frequency of accident. Data is being acquired

r 
for an in-depth analysis.

- Another aspect of the maneuvering problem is the qualification

F of the pilots handling the VLCC’s. Where do they get experience in

handling a VLCC? The problem is not that the large tankers cannot

maneuver but that they maneuver in a less responsive manner , and

hence , there is a human factor problem which requires training and

1 10
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experience to overcome. The resolution of this problem is yet to be

developed .

The Coast Guard has published a Notice of Proposed Rule Making

- 

which would require certain vessels of 1600 gross tons and over to

I have the i~aneuvering characteristics data of the ship in its pilot—

house. These data would include :

Speed versus RPM tables

Miniunan steeraqeway speed

Turning circle diagrams

Stopping time and distances

The replies to this proposal are presently being evaluated

Ii
i t
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To Reduce Caflgo L044 F’tom

CoW.4~Lon6, Gkound Ln~4 and Otitek AccLdelvt6

Segregated Ballast Tankers

IMCO undertook nine areas of study in preparation for an inter —

national conference on marine pollution. The United States was the

l ead country for the study of segregated ballast tankers. The pr imary

objectives of the study were:

• To evaluate the effec t of design modifications on
oil pollution abatement for a range of very large
crude carriers; ~nd

• To determine practical arrangements (designs) for

I ~- a f amily of tankers with various segregated ballast
capabilities.

The study has been completed and presented to IMCO. It is attached

- I as Annex II. Segregated ballast tankers appear to be the most viable

solution to the pollution problem created by the ballasting of the

larger tankships. It also appears that this solution will remain a

valid one in the foreseeable future. It would be presumptuous to state

that the obstacles cited in the report with respect to the development

of flexible barriers and separators or to the acceptance of shoreside

facilities will be overcome.

In t erms of the segregated ballast designs studied for the very

large crude carriers, the double bot~~~ design is clearly the most

cost effective when both operationa l and accidental pollution are con-

sidered . The degree to which any version of segregated ballast is

12



cost effective i. dependent upon the complexity of the design (which

is directly proportiona l to the increase in capital investment), the

amount of segregated ballast capacity afforded and the ability of a

given design to mitigate both operational and accidental discharges.

At the present time, the Coast Guard believes that the national

commitment to eliminate intentional discharge can best be met by

adoption of the segregated ballast concept coupled with double bottoms

to reduce accidental pollution.

To Reduce Vama~e .to Enviitomen.t ~j tom Non.mo2 Op e 2~o~~

Pollution Prevention Regulations

The United States Coast Guard , acting under the authority of

Section 11 (j) (now Section 311(j)) of the Federal Water Pollution Con-

trol Act, as amended (FWPCA) , has issued regulations governing the

design, construction, and operation of vessels operating in the navi-

gable waters and contiguous zones of the United States , and governing

the design, construction, and operation of onshore and offshore facili-

ties engaged in the transfer of oil in bulk to and from vessels having

a capacity of more than 250 barrels.

The purpose of these regulations is to reduce the possibility of

an accidental discharge of oil or oily waste during normal vessel

operations, during the bulk transfer of oil or oily wastes to or from

vessels , or as a result of certain vessel accidents of limited energy .

13
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Although the high energy collision or grounding is spectacular and

-
~ may cr eate locally severe enviroomental degradation, a significant

F and continuous degradation generally results from the frequent and

less spectacular discharges of oil into the waters of the United

States . Although not promulgated under the authority of the Ports

- and Waterways Safety Act of 1972, these regulations are expected to

— reduce the amount of oil discharged into the navigable waters of the

United States. The regulations have been promulgated and are published

in Part II, Voltine 37, Number 246 of the Federal Register dated

December 21, 1972.

Adoption o~ lnteitna2Lor&o2 Sta.nda.kd4 ~to P t.o tect -the~ Enviiwnmen.t

- IMCO Marine Pollution Conference

I n 1967 , IMCO launched an 18 point program covering both techni-

cal and legal aspects of problems arising from the TORRE Y CANYON disaster.

The IMCO Assembly at its session in November 1968, which was espe-

- cially convened to consider this program , approved measures designed

- to prevent the occurrence of similar incidents and to promote rapid

and eff icient  action in dealing with them should they occur . The pro-

j gram included recommendations to improve pollution abatement action

at international and national levels and to reinforce the application

of clauses of the International Convention for the Prevention of Pollu-

tion of the Seas by Oil, 1954, as amended . IMCO has also decided

to convene , in 1973 , an international conference on marine

14 
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pollution for the purpose of preparing a suitable international

- aqrcement to place restraints on the contamination of the sea by

ships, vessels or other equipment operating in the marine environ-

ment.

A major objective to be achieved by 1975 if possible but cer-

tainly within this decade is the complete elimination of international

pollution of the seas by oil as well as by other noxious substances.

The United States has pushed this objective internationally under the
- 

aegis of IMCO. As a result of its efforts and those of other major

maritime nations, IMCO now has this objective as its principal goal

- 
for the 1973 Conference.

In preparation for this Conference , ag reement was reached to

F have nine studies under way simultaneously. In each case the study is

bts l ny led by an individual country with other countries furnishing

inf ormation as they are able. IMCO now is moving forward on a nine

front basis rather than on the single front basis as in the past to

produce a meani ngful convention on marine pollution in 1973. The

F areas of study are as follows :
- 

• Segregated ballast tankers .

{ • Dual purpose tanks with means to isolate oil or
noxious materials from water.

• The retention of oil on board.

• Cleaning tanks for ballast prior to vessel sailing.

(I

15



• Retention of dirty ballast on board for in port
disposal.

- • Envirorguental and financial consequences of pollu-
tion from ships .

• Collection and disposal of ship generated dry gar-

[
• Ship generated sewage treatment and holding systems.

• Pollution caused by the discharge of noxious sub-
I stances other than oil through normal operational

procedures of ships engaged in bulk transport.

I As background material for the f i rs t  five studies listed above ,

the Coast Guard made an analysis of oil outflow from tanker accidents

and presented it to INCO. This analysis is attached as Annex III.

The draft convention being developed by various technical bodies

of IM~O will include the following subjects :

• Prevention of pollution of the seas by oil dis-
charged from ships.

• Prevention of pollution of the sea by bulk liqu id
or dry noxious substances other than oil dis-
charged from ships (excluding the disposal of1- shore-generated wastes into the sea).

• Prevention of pollution of the envirozinent re—
sulting from inadequate design, construction and

Ii equipment of ships carrying oil.

• Prevention of pollution of the envirozinent result—
log from inadequate design, construction anc~ equip-
ment of ships carrying noxious substances in bulk.

• Prevention of pollution of the sea by noxious
- substances carried in packages or containers .

• Prevention of pollution of the sea by ship—
- 

generated sewage.

II
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Prevention of pollution of the sea by ship—
generated garbage.

‘ranker Outflow

At its October meeting in 1971, the IMCO Assembly adopted new

vessel construction standards aimed at limiting the possible size of

oil spills resulting from a tanker collision or grounding. Future

tankers, built in accordance with new standards, will have a limit on

I the hypothetical maximum oil outflow from a single incident involving

grou nding or collision of 30,000 cubic meters. This applies to tankers

I . up to about 420,000 deadweight tons. The max imum permissible oil  ou t-

flow then gradually increases to 40,000 cubic meters at one million

deadweight tons and levels off there. In addition, the proposed

U amondmcnts limits the volume of a wing tank to 75% of the max imum ou t-

t iow as set forth above. The size of a center tank will not be per-

- mitted to be bigger than 40,000 cubic meters.

V These 1971 amendments to the 1954 International Convention for

the Prevention of Pollution of the Seas by Oil were tran~~itted to the

(1 
Senate for advice and consent on May 5, 1972.

Ii
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Section 203 of the Act requires that the report include those

“standards with respect to the design, construction, alteration,

and repair of vessels for the purposes set forth in (A) Ci) , (ii), or

(iii) . . .not possible, an explanation of the reasons therefor.” It

was stated previously that much effort has been undertaken toward

the protection of the marine environment . However , current studies

have not provided sufficient evidence to focus on any particular set

of standards or regulations. Por this reason, it is premature to

designate any standard developed for the purposes set forth as not

possible or practical to enforce.

Spill—Risk Analysis

The Coast Guard, having recognized the seriousness of spills of

hazardous materials, has taken a number of steps to prevent further

deterioration of the situation and to improve it if possible. Before

the Coast Guard can exercise its statutory authority to improve the

situation it must know how to select the regulations or combination

of regulations that truly lessen accidents, how to concentrate on

those situations where accidents are potentially most damaging , and

how to evaluate costs and benefits of alternative programs . To this

end, the Coast Guard contracted the Operations Research, Inc . in

November 1972, to undertake a study for the development of spill-risk

analysis.

ie
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The objective of the study is to determine a method of selec-

• ting cost-effective combinations of protective equipment or regula-

tions which will decrease the probability of spill—causing accidents.

Only spills resulting from hull rupturing are to be considered in

the early work phases. Since the rupture of a ship tank is necessary

- for a spill to occur, the probability of a spill equates to the pro-

bability of a hull-rupturing accident.

The spill-risk analysis problem is very large and comp~ex. The

number of factors involved , the lack of knowledge concerning the

relative significance of each factor, the lack of a method for hand-

- ling these factors, and the need for gathering and analyzing large

amounts of data concerning them all add to its magnitude.

The following general phases of work are contemplated in the

complete program: -

• Methodology development and planning .

- . Demonstration and limited application.

- • Extension and generalization.

• Complete application.

• Management system development.

The first phase has been oompleted. It studied the general pro-

blem to obtain a knowledge of the problem, developed the general

logic of a methodology for handling the problem , and formulated plans

for the second , or demonstration, phase of the work .

I- ’ 19
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CONCLUSIONS

The Ports and Waterways Safety Act of 1972 is a major step in

- promoting safety and protecting the envirorinenta l quality of United

-• States ports and waters. The Act emphasizes prevention. It recog-

nizes the problems of pollution of the marine environment from the

maritime transportation of polluting cargoes . It requires both

better vessels and better traffic control. The regulations to be

developed under this legislation will apply equally to vessels docu-

mented under the laws of the Uni ted States and to foreign vessels in

the navigable waters of the United States.

The Coast Guard continues to be concerned with the increasing

safety hazards of maritime transportation and with pollution resulting

from operation of and casualties to vessels carrying oil or other

hazardous polluting substances in bulk. While not a complete list of

accomplishments in this area , this report highlights Coast Guard con-

cern and actions. A workable systems approach has been developed to

continue effective actions in this field. As the contract with the

Operations Research, Inc., continues, it may be advantageous to alter

the plan of approach as improvements in methodology are brought forth.

I:
20



ANNEX I

A SYSTEMS APPROACH TO THE IMPROVEMENT

I OF STANDANDS ~JNDER THE

PORTS AND WATE~ IAYS SAFETY ACT 0? 1972
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A project has been established to undertake a systems approach

to develop improved vessel standards for the purpose of protecting

the marine environment by eliminating or reducing the hazards of

carrying certain cargoes in bulk . This project comprises three

phases as follows:

Phase I Data Acquisition and Improvement

Phase II Problem Analysis and Selection of
Alternatives

Phase III Regulation Development and Enforce-
ment

These phases would at times be underway concurrently; however ,

no definite time schedule has as yet been established.

The project is heavily dependent upon reliable data for support.

Phase I is directed toward providing this data and increasing its

effectiveness for better management analysis. Efforts to improve our

methods of accumulating and processing casualty and management infor-

mation have been underway for some time . As a result of these efforts

reasonably good data is available . However , additional information

will be required which is contingent upon a further improvement of

our casualty investigation procedures. To provide the required inf or-

mation and at the same time conm~ance improvement of its effectiveness,

the following tasks were deemed to be necessary:
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Task 1 - Gross Casualty Analysis

Task 2 - Casualty Data Collection Analysis

Task 3 - Program Workload Analysis

Task 4 - Resource Allocation Analysis

Task 5 - Casualty Data Collection Procedures Analysis

Task 6 - Improved Casualty Investigation

Task 7 - Improved Casualty J)ata Handling Methods-System
Design

Task 8 - Progranuning and Systems Test

Task 9 - Ready Availability of Data to Project Groups

A flow chart of these task elements is attached as Appendix I.

Objectives of each for the task elements in Phase I is attached as

Appendix II.

Phase II is the core of the project. Groups have been established

to develop improved standards for the purpose of protecting the marine

environment by eliminating or reducing the hazards of carrying certain

cargoes in bulk. There are five groups with the following objectives:

(a) To develop feasible alternatives of design, construc-

tion, maintenance, repair, personnel qualifications

and operating standards of vessels for the reduction

of groundings and/or resulting pollution and to deter—

mine the cost, benefits, practicality and effective-

ness of each alternative.

1—3
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(b) To develop feas ible alternatives of design, con-

struction , maintenance, repair , personnel qualifica-

tions, and operating standards of vessels for the

reduction of collisions and/or resulting pollution

and to determine the cost, benefits, practicality

and effectiveness of each alternative.

Cc) To develop feasible al ternatives of design , con-

struction, maintenance, repair , personnel qualif i-

cations and operating standards of vessels for the

reduction of fire and explosion and/or resulting pollu-

tion and to determine the cost, benefits, practicality

and effectiveness of each alternative.

I - 
Cd) To develop feasible alternatives of design, construc-

tion, maintenance, repair , personnel qualifications,

and operating standards of vessels for the reduction

of structural failures and/or resulting pollution and

to determine the cost, benefits, practicality and

eff ectiveness of each alternative.

(e) To develop feasible alternatives of desig n , construc-

tion, maintenance, repair, personnel qualifications,

and operating standards of vessels for the reduction

of accidental or intentional operational discharges

arid resulting pollution and to determine the cost,

benefits, practicality and effectiveness of each
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alternative.

Each group will analyze its objective and develop appropriate

alter native solutions. To accomplish this goal specific task elements

were deemed to be required for each group . The task elements were

stipulated as follows:

Task 1 - Casualty Situation Analysis

Task 2 — Failure Reduction Analysis

Task 3 - System Sensitivity Analysis of Alternatives

Task 4 - Internal Resource Needs Analysis

Task 5 - Practicality Analysis of Alternatives

Task 6 - Cost Analysis of Alternatives

Task 7 - Cost-Benefit Analysis of Alternatives

Task 8 - Alternative Evaluation Analysis

Task 9 - Alternative Selection Decision

A flow chart for the task elements for each group in Phase II

is attached as Appendix III. Objectives for each of the task elements

are attached as Appendix IV.

Upon completion of the selection of the preferred alternative of

those developed by each group, certain tasks remain to be accomplished

for the development and promulgation of appropriate regulations. Phase

III is proposed for this purpose as well as additional tasks required

to be accomplished in order that the regulations may be proper and

enforceable. To carry out this assignment, task elements were
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stipulated as follows:

Task 1 - Workload Analysis

I Task 2 - Regulation Drafting

Task 3 - Training Needs Analysis

Task 4 - Develop R&D Specifications

Task 5 - Regulation Promulgation

A flow chart of these task elements is attached as Appendix V.

F Objectives for each of the task elements in Phase III are attached as

Appendix VI.
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APPENDIX II

PHASE I TASKS

Task 1 - Gross Casualty Analysis

This task is to sor t existing casualty data according to major

types of casualties resulting in pollution . These groups would pro-

bably consist of those casualties involving collisions, groundings,

structural failures, fires, explosions, transfer spills, etc.

The inputs to this task would consist of the existing casualty

data, the necessary funds, and the required personnel to perform the

task. The outputs of the task would be the groupings of gross casu-

alty information, a sorted casualty data f ile and reconitt endations con-

cerning need ed improvements to overcome the shortcomings in the exist-

ing data . The f inal  output from this group would be the release of

the additiona l personnel provided for the task . The reconinendations

concerning the shortcomings in the data collection would provide one

of the inputs to Task 2.

Task 2 - Casualty Data Collection Analysis

This Task would have as its objective the analysis of the short-

comings and data and the providing of reccsmtendations for overcoming



these shortcomings together with the resource needs to accomplish the

reccsmnendatiorts. Inputs to this task would consist of the recommenda-

tions, the necessary personnel to accomplish the task and the necessary

funding. Outputs from this task would consist of recommendations and

manpower and dollar resource requirements for overcoming the short-

comings in the data as well as the release of the additional personnel

required to perform the task. The recommendations would be combined

with the output of Task 3.

Task 3 - Program Workload AnalyS~~

This task would have as its objective the performance of an ana1y~-

sis of the existing program workload and the assessment of the resources

presently dedicated to the various workload facets. Inputs to this

task would consist of existing workload data, personnel and dollar re-

sources for accomplishing the task. The outputs of the task would con-

sist of an assessment and analysis of the present resources being dedi-

cated to various program workload efforts as well as the release of

the personnel assigned to accomplishing the task . The outputs of this

Task and Task 2 would be the subject of a decision concerning the

priority of accomplishing the improved data collection as versus the

priority of the various facets of existing program workloads. Upon

completion of this priority evaluation and decision the outputs and

priority listing would be furnished to Tasks 4 and 
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Task 4 - Resource Reallocation Analysis

This task would have as its objective determining the realloca-

tion of resources within the program to meet the priorities established

in the preceding step. Inputs to this task would be the priority

evaluation, workload analysis listj~ng, personnel and dollars necessary

to accomplish the task. The output of the task would be a Resource

Change Proposal (RCP) directing the reallocation of resources.

Task 5 - Casualty Data Collection Procedures Ana]jrsis

This task would have as its objective the analysis of our exist-

ing casualty collection efforts and redirecting these efforts to meet

the requirements as set in Task 2. The input to this task would con-

sist of the casualty data collection improvement needs, personnel and

dollars necessary to accomplish the task. The outputs of this task

would consist of a directive to the field indicating the improvements

required in casualty data collection efforts, the revised casualty

data collection forms and procedures and the release of the personnel

assigned for the accomplishment of this task. The outputs of Task 4

and S would ultimately reach the field tn the form of requirements

for changes in casualty data collection and forms for the accomplish-

ment of this change together with direction concerning the uti l ization

of field resources for intensifying data casualty collection and for

reducing other efforts to provide the necessary resources. Some field

3
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and the release of the personnel assigned to the Task .

Task 6 - Cost Analysis of Alternatives

This Task wou ld have as its objective the development of total

cost analysis for each of the alternatives recommended as a result

of Task 2. Inputs to this Task would consist of the failure reduction

analysis accomplished in Task 2, Internal Resource Needs developed in

Task 4, cost data obtained from sources external to the commercial

vessel safety program , and personnel and dollar resources necessary

for the accomplishment of the Task. Outputs of this Task would con-

sist of a cost analysis of each of the alternatives addressing the

government cost to implement the alternative, the owner’s cost to com-

ply with the alternative, the owner ’s savings due to prevention of

casualties, and third party savings resulting from the reduction or

elimination of the casualties. Other outputs would include recommenda-

tions concerning data requirements, R&D needs, and the release of the

personnel assigned to the Task.

Task 7 — Cost Benefit Analysis of Alternatives

This Task would have as its objective the development of a cost-

benef it analysis for each of the alternatives developed in Task 2. In-

puts to this Task would consist of the benefit analysis developed in

Task 2, the cost analysis developed in Task 6 and the dollar and per-

sonnel resources necessary to accomplish this Task . Outputs from this

Task would consist of the cost-benefit analysis for each alternative,

4
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recommendations concerning research and development needs, reconunenda-

rions concerning additional data needs, and the release of the per-

sonnel assigned for the completion of the Task.

Task 8 - Alternative Evaluation Analysis

This ~ask would have as its objective the preparation of a com-

plete analysis of each of the alternatives in the preceding series of

tasks. Inputs to this Task would consist of the analysis outputs of

Tasks 4 through 7, and the necessary personnel and dollar resources to

accomplish the Task. The outputs of this Task would consist of the

complete analysis package for each of the alternatives addres;ed in

the analysis output of Task 2 and the release of the resources assigned

to the accomplishment r~~ this Task.

Task 9 - Alternative Selection Decision

This decision consists of the review of the complete analysis

package and the selection of the preferred alternative. The output of

this decision is the selection of the preferred alternative.

S

I-



Casualt y Situation APPENDIX II  I
Casua lty r~ata An alys is

4 I PHASE II FLOW CHART

causes contributingactori p ca~uaaty -

situation

Failure Re-
duction
A nal ysis

maint~nance and re-fr alternatives

0 C
Alternative

TASK 5 TA SK 3
Practicality Sys tem Sensi- m t  

TAS 4
ernal Resour

Analysis tivity Analysis 

(

Needs A n ~ lYsis

j

Jr
progra m resotirce

entin alternatives alternative
oracticality of imple - e cc o (

IU 
. personnel ~~~~~~~

TA SK 6
TASK 8 Cost

Report Anal ysis
Preparation

c~ 
to gov t &

savings to govt
Co

cost to industr y &of criteria evaluation 
to inii ustr y

fcost to 3rd parties &) ‘I( sa~ri~gs to 3rd par~~~~~~
iter-

native Se- I?
lectlon TASK 7

Cost/Benefit jAnalysis

Selected Alternative 
_____________________

~ 
& benefits o(

j )J each alternative
I 

—



- - -

APPENDIX IV

PHASE II TASKS

Task 1 - Casualty Situation Analysis

This Task would address one of the casualty situations indicated

by the gross casualty analysis. This Task would have as its obje —

tive the detailed identification of the role played by various types

of failures both mechanical and personnel contributing or causing this

type of casualty. Inputs to this Task would consist of the available

casualty data concerning the casualty situation both in the form of

printouts and back up hard copy casualty files, personnel and dollar

resources necessary to accomplish the task. Output from this Task

would consist of detailed analyses of the causes and contributing

factors of the casualty situation, recommendations concerning short-

comings in the casualty data, recommendations concerning research and

development needs, and the release of the personnel assigned to th e

Task .

Task 2 - Failure Reduction Analysis

This Task would have as its objective the development and analy-

sis of alternative means of minimizing or eliminating the failures

causing or contributing to the particular type casualty situation. In-

puts to this Task would consist of the fa i lure  analyses developed in

Task 1 and personnel and dollar resources necessary to accomplish the



Task. Outputs from this Task would consist of a detailed analysis

of a l ternat ives  for the elimination or reduction of the ident i f ied

failures. These alternatives would consist of changes in the vessels ’

design, improvements in vessels ’ construction, changes in operating

procedures including crew skills or competence, improvements in vessel

maintenance, and changes in vessel equipment . The benefit to be ob-

tained by the adoption of each alternative would be included for each

type of vessel ( i . e . ,  petroleum tankers, liquified gas carriers, bulk

chemical carriers, etc.). Other outputs would include recommendations

concerning shortcomings in available data, recommendations concerning

necessary research and development efforts, and the release of per-

sonnel supplied for the accomplishment of this Task .

Task 3 — System Sensitivity Analysis of Alternatives

This Task would have as its obj ective the analysis of the sensi-

tivity of the entire marine transportation system to changes indicated

by the adoption of each of the alternatives recoemsended in Task 2.

I nputs to this Task would consist of the analysis performed in Task 2,

improved casualty data resulting from the accomplishment of Task 6 of

Phase I and necessary dollar resources for the accomplishment of the

Task. Outputs of this Task would be the sensitivity analysis of each

of the al ternatives, recommendations concerning shortcomings in the

casualty data recommendations concerning necessary R&D, and the re-

lease of the personnel assigned to the Task.
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TaSk 4 - Internal Resource Needs Analysis

This Task would have as its ob)ective the analysis of the quantity

and qual i ty of program resources required to accomplish the alter-

natives recommended in Task 2. This would include analysis of skills

required on the part of program personnel , new test and inspection

equipment required for prog ram personnel , and new educational dis-

ciplines required within the prog ram to insure compliance. Inputs to

this Task would consist of the failure reduction analysis alternatives

from Task 2 and personnel dollar resources necessary to accomplish the

Task. The outputs of this Task would consist of the internal resource

need analysis for each of the alternatives , recommendations concerning

addi tional da ta needs, recommendations concerning additional research

and development needs , and the release of the personnel assigned to the

accomplishment of this Task.

Task S - Practicality Analysis of Alternatives

This Task would have as its objective the assessment of the practi-

cali ty of instituting each of the recommended alternatives. I nputs

to this Task would be the sensitivity analysis performed in Task 3, im-

proved ~ tsualty data accomplished as a result of Task 6 of Phase I and

the personnel and dollar resources necessary to accomplish the Task.

Outputs from this Task would be the practicality analysis of each of

the alternatives , recommendations concerning shortcomings in the avail-

able data, recommendations concerning necessary research and development ,

3
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and the release of the personnel assigned to the Task .

Task 6 - Cost Analysis of Alternatives

This Task would have as its objective the development of tota l

cost analysis for each of the alternatives recommended as a result

of Task 2. Inputs to this Task would consist of the failure reduction

analysis  accomplished in Task 2, Internal Resource Needs developed in

Ta~;k 4 , cost data obtained from sources external to the commercial

vessel safety prog ram , and per sonnel and dollar resources necessary

for the accomplishment of the Task. Outputs of this Task would con-

sist of a cost analysis of each of the alternatives addressing the

government cost to implement the alternative, the owners cost to comply

with  the al ternat ive,  the owners savings due to prevention of casual-

ties , and third party savings result ing from the reduction or e l iminat ion

of the casualties. Other outputs would include recommendations con-

cerning data requirements. R&D needs . and the release of the personnel

assigned to the Task .

Task 7 - Cost Benefit Analysis of Alternatives

This Task would have as its objective the development of a cost-

benef it analysis for each of the alternatives developed in Task 2. In-

puts to this Task would consist of the benefit analysis developed in

Task 2, the cost analysis developed in Task 6 and the dollar and per-

sonnel resources necessary to accomplish this Task. Outputs from this

Task would consist of the cost—benefit analysis for each alternative ,

I
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recommendations concerni ng research and development needs , recosutnenda-

tions concerning additional data needs, and the release of the per-

sonnel assigned for the completion of the Task.

Task 8 - Alternative Evaluation Analysis

This Task would have as its objective the preparation of a com-

plete analysis of each of the alternatives in the preceeding series of

tasks. Inputs to this Task would consist of the analysis outputs of

Tasks 4 through 7,  and the necessary personnel and dollar resources to

accomplish the Task. The outputs of this Task would consist of the

complete analysis package for each of the alternatives addressed in

the analysis output of Task 2 and the release of the resources assigned

to the accomplishment of this Task .

Task 9 - Alternative Selection Decision

This decision consists of the review of the complete analysis

packag e and the selection of the preferred alternative. Outputs of

this decision of the selection of the preferred alternative.
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APPENDIX VI

PHASE III TASKS

Task 1 - Workload Analysis

This Task has as its objective the analysis of program workload

together with the analysis of increased workload resulting from the

selection of the prime alternative. Inputs to this Task are the com-

plete alternative evaluation analysis , the indication of the selected

prime al ternative , the workload data f i l e ,  and the personnel and

dollar resources necessary to accomplish this Task . The ou tputs of

this Task are a Resource Change Proposal for the subsequent budget

stage indicating the additional resources requir ed , the reallocation

of present r esour ces and the release of the additional personnel

assigned for this Task .

Task 2 - Regulation Draf ting

This Task has as its objective the drafting of regulations for

implementing the prime alternative selected. Inputs to this Task are

the alternative evaluation analysis , the indication of the selected

alternative, and the personnel and dollar resources necessary for

accomplishing this Task . Outputs of this Task are the draft regulations

and the release of the additional personnel assigned for this Task .



Task 3 - Trainj ng~ Needs Analysis

This Task has as its objective the development of the analysis of

additional training needs for program personnel for accomplishing the

selected alternative. Inputs to this Task are the alternative evalua-

tion analysis and the indication of the selected al ternative tog ether

with the necessary personnel and dollar resources for accomplishing

the Task . Outputs from this Task are an RCP for training require-

ments , the additional personnel and dollar resources required for

accomplishing this training and the release of the additional per-

sonnel assigned for the accomplishment of this Task .

Task 4 - Develojm~ent of R&D Specifications

This Task has as its objective the production of research and de-

velopment specifications indicating additional R&D needs. Inputs to

this Task are the alternative evaluation analysis and dollar and

personnel resources necessary to accomplish this Task. The outputs

of this Task are an RCP indicating detailed specifications concerning

additional research and development needs and an ~~P for the dollar

resources required to perform the necessary research and development .

The third output from this Task is to release the personnel assigned

to the Task .

Task 5 - Regulation Promulgation

This Task has as its obj ective a promulgation of the regulations

f or implementin g the selected alternative. The inputs to this Task 
are2



the d ra f t  regulations developed in Task 2 and the personnel and dol lar

resources necessary to accomplish the Task . The outputs to this Task

are the promulgated regulations and the release of the additional per-

sonnel assigned to the Task .
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SYNOPSIS

4 The study of segregated ballast tankers reported upon he re in  W~4s

prepared for submission to the IM~~ Sub-committee on Shi p Des~~~n

and Equipment in accordance with previous notes by the United

States , DE VII 2/4 and OP X/2/5. This study is one of the  n ine

s tudy  areas agreed upon at the ten th  meeting of the Sub-commit tee

on Marine  Pol lu t ion and , accordingly, its principal result’-~ should

be considered in conjunction with  resu l t s  from each of the  otner

s tudies , notably studies II , I I I , IV , V , and VI .

The princ ipal features of the study are summarized herein. It is

reco mmended that  a thorough review of the en t ire  s tudy  be made s1n(’~ ’

the  resu l t s  are velieved to be subject to f u r th e r  analysis  and

interpretat ion beyond that which is possible here , p a r t i c u l a r ly  in

regard to those data concerned wi th  estimated e f fec t iveness  for

pollution abatement. The study is divided into the following ~~Iin c l ;a ~

sections:

I Introduction

II Design and Engineering Summary

I I I  Construction Costs

IV Economic Analysis

V Degree of Effectiveness for Pollution Aba temen t

VI Other Operational Factors

Before summarizing the principal results from each of these sections ,

L the  following general points  must be made :

i
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• This study has only concerned itself with the consti~uction

of new large crude carriers. The various design features ,

estimated ship prices , and economics are not applicable

to conversions of existing ships. Even for the construc tion

of new handy size product tankers , differences in cubic

requirements , ballast requirements , trading patterns , and

general mar ine economics could provide answers suff.L L~ientl y

di f fe ren t so as to make estimates herein inapplicable.

• Whereas the results given may be considered representative

for  large crude tankers in general , th ey should not be

regarded as optimum either for the base case conventional

designs or for the segregated ballast design variations.

Further design refinement of any particular type of large

crude tanker would be possible. Accordingly, the results

should be viewed wi th  this  in mind.

• it is evident throughout the study that the level of ballast

required for safe operation of a large crude tanker is an

extremely important  parameter to which both economics and

pollution effectiveness are extremely sensitive. While this

s tudy contains comments on ballast level , it has not attempted

to answer the complex question of what constitutes an

acceptable ballast level. This involves considerations of

ship design , trade routes , etc. which are beyond the scope

of th i s  s tudy . Instead the study has tried to g ive an

ii
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indication of the sens i t iv i ty  of the major v a r i a ble s  IC )

this parameter. It should also be noted. that nearly all

modern large crude tankers  of freeboard draft (IesiçJ n

already possess a significant segregated ballast capability

although not sufficient for general oper~~tion.

The sh ip designs prepared includ e thirteen different ~~~~~~~~~~~~~ twe l ie

of which are shown diagrammaticall y in  Fi gure 1. The ()flC~ ( tse fbi

shown is a double skin variation of a 250M DW~ in wh ich the side

skins and double bottom conform to the IMcO damage definitions;

i.e., side skin width equal to 8/5 and double bottom heiqhl Ci luil

to 8/15. This case was dropped from further study when it was

determined that the resulting design lacked stability , ‘r~~ 1h intact

and under damaged conditions. By reference to Figure 1 it can be

seen that the principal ship design characteristics are:

1. three base ships of 12OM, 250M, and SOOM DWT each 01 whic,

• are of freeboard draft design

• meet the IMCO outflow criteria

• have cargo capacities for 38° API
cargo on a long voyage

2. with two basic variations of segregated ballast levels

to produce ballast displacements of either 4sc~ or 60%

of f u l l  load displacement as compared to a value on

the order of 20-25% for the base case shi ps

3. double bottoms with segregated ballast (B-type designs)

4. double sides with segregated ballast (0-type desion)

111



5. double skins with segregated ballast (C-type design)

6. single skins with segregated ballast in alternate I
wing tanks (B-type designs)

The summary table gives the principal results of the study . These

results are grouped in such a way as to show the principal findings I
~or various types of design changes regardless of ship size . The

summary table also shows the particular section and/or table (s) I
containing more detailed information on each aspec t of the study .

The following explanatory comments to the summary table are considered

per t i n e n t :  I
• To understand Descript ion of Design Change (column 1) and

DWT and Design (column 2) refer to Figure 1.

• Segregated Ballast Displacement (column 3) refers to that I
level of ballast displacement (as a percent of full  load

displacement) which each particular case can attain using

only segregat ed ballast. Those cases in which a value of

45% is shown were designed for that specific amount of

segregated ballast. Consequently , when evaluated in terms I
of a 60% ballast level , it ~.s necessary to use addit ional

ballast in cargo tanks to meet that figure. In spite of

• t h is , the ships designed to the 45% ballast levels have p
been evaluated as to pollution effectiveness using norma l

• ballast handling procedures for the additional amount of

ballast needed to achieve a level of 60%.

I
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• Percent Increase in Ship Price (column 4) and Percent

• Increase in Required Freight Rate (RFR ) (column 5) should

be self-explanatory. It should be noted , however , that in

- column 5 the values shown take the average of separate

estimates made both for long and short voyages.

1’ . Operational Pollution (column 6) shows a range of values

as a percent of operational pollution which has been

estimated for the base ship of similar DWT. For example ,

the values of 13-31% for design 250 E-2 represent an

estimated operational discharge of between 13 and 31% of

that which would occur with the base ship, 250 —A IMCO .

The range reflects both a range of ballast displacement

between 45 and 60% of full load displacement , and the two

tank washing assumptions described in the report.

• Column s 7 an d 8 show estimates of relative accidental

pollution from strandings and collisions as a percent of

the est imated outflow which might occur in a similar

accident to the base ship of similar DWT. For example ,

the value of 161% for 250 E-2 represents an estimated

o u t f l o w 1~ l% of that which would occur to the base ship

1. 250-A IM~0, in a similar stranding accident.

• ) 
The following general observat ions concerning the results in the

summary table may be made:

H
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I
A ny of the segregated ballast designs studied produce an

increase in ship price and in RFR . The ship prices and

values of RFR are definitely sensitive to the level of

segregated ballast capacity and they increase as more

complex ship arrangements are introduced .

For any given design type the increases in ship price and

RFR are sensitive to the proportions of the base ship. The

l2OM , 2 5014, and 50014 DWr base ships are not geometrically

proportional. For instance , compare increases for designs

250 8-1 to 500 8-1, and designs 120 C to 250 C.

I
The €stimated degree of effectiveness of operational

pollution abatement (column 6) definitely appears to be

improved by features of the types studied, and it also

appears sensitive both to ballast level and method of tank

washing. It is important to note, however , that in none of

the cases studied is the degree of effectiveness total as

may be commonly supposed for segregated ballast tankers.

Furthermore , as explained in the study , the level of

effectiveness is strongly dependent upon that which can be

achieved in the base ship designs. This determination is

the subject of IM~~ Study III and, accordingly , the results

shown in the present study should be interpreted in the

light of that study. It should also be noted that the data

base for the effectiveness of double bottom designs in reduc ing

operational pollution is limited compared to that for single

bottom tankers.
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• The degree of effectiveness in accidental pollution

(columns 7 and 8) indicates that none of the designs

prod uce a high degree of effectiveness against  both

strandings and collisions. These data show that for

many of the designs , the expected outflow , particularly

in a s t r andin g may increase over that  wh ich would occur

in the base shi p under s imilar  c i r cums tances .

F rom the summary table it will be apparent that a proper analysis a d

i n t e rp r e t a t i on  of the data in columns 6, 7 , and 8 dealing w i t h  e s t i m c i c j

pol lu t ion e f fec t iveness  involves consideration of the trade-offs

between these various factors. In Section V C of the study further

data are presented showing varying combinations of assumptions as to

the magnitude of accidental pollution from strandings and collisions

and the sensitivity thereto . The results of a wide ranqe of assumpti i

~ to these parameters are given in Section V C showing estimated

relative outflows and cost effectiveness for each of the designs over

the range of damage assumptions and ballast levels. From a review of

that Section it will become apparent that for most of the designs a

further trade-off must be considered since few oiler reasonable

protection over all ranges of possible assumptions.

Another important factor in interpreting these data is the degree to

which other accident prevention measures now being studied by IMCO will

tend to be effective in mitigating the one type of accident or the

other ; for instance , traffic separation schemes , naviga t ion equi pmefts .

officer training , etL.

vii
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In  regard to the values shown as to degree of effectiveness in

pollution abatement , these values should be regarded principally as

being relative in nature. The determination of the estimated outflow

values particularly for the accidental situation were made on the

basis of a number of assumptions which are described in the report.

i t  is hoped that these assumptions have been sufficiently expl icit

so that further analysis based on other assumptions may be made .

Section VI provides a brief discussion of certain practical  opera t ing

factors which could not be directly reflected in the economics due

to lack of suff icient experience or data with ships of the type

studied. Principal amoung these are the impact of larger freeboard

resulting from various segregated ballast levels which wiil have an

adverse effect upon ship handling , m ooring , and piers. The possible

problems from sludge build-up in the double bottoms due to ballast

were also not quantified. The favorable effects in regard to tank

cleaning and turn around time for each of the design types have been

included in the study ’s economic and pollution effectiveness estimates .

Finally, this study provides a data base from which an overall

assessment can be drawn for the evaluation of tanker design criteria

in conjunction with the other five studies. It is beyond the scop&

oi~ this study to attempt such an evaluation at this time .
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SECTION I. INTRODUCTION

The Maritime Safety Committee , at its ~~ I I I  Session , r e c a l l i ng

Resolution 1 of the 1954 Conference on the Prevention of Pollut ion

of the Sea by O i l  which called b r  “The comp’ete avoidance as soor,

i~ pract i cal of discharge of pers i stent oil nto the sea ” , torep i

that one 01 the main objective ol the 19 ,3 Conterence on M rir;e

Pollution should be the achievement by 1973 if possible, but

cert ainly by the end of the decode , the complete ci im~ nat ion of

the willful and intentional ~ollution of the seas by oil and other

noxious substances ~~ well as minimization of accidental spills.

To that end , an accelerated work program was agreed upon by the

scheclulinq of extra sessions of the Subcommittee on Ship Desi gn

and Equi pment and the Subcommittee on Marine Pollution.

W ith reference to the work to be carried out by the 1973 IMCO

~~onference , w i t h  the view to achieving the complete elimination

of t h e  in t e n t i o n a l  d ischarges  of oil , t he  Un i t ed  S ta tes  submi t~ ed

to the  Subcommit tee  on Ship Design and Equipmen t a note (DE VTI/2/.),

containing an outline of five possible problem areas and alternative

solutions in order to achieve complete elimination of intentional

pollution of the sea from ships . The paper suggested that these li-c e

areas be studied in order to assess the economic , operating and

(lesign aspects of the potential solution. In relation to  one of

I



I
these studies , the paper set out tn outline of the Study for

Segregated Ballast Tankers which was already being undertaken in

the United States. The paper proposed that the Segregated Ballast

Tanker Study by the United States include such factors as capital

costs , operating costs , practical operating problems and degree of

effectiveness regarding pollution abatement. $
A similar note by the United States was considered at the X Se~,sio n

of the Subcommittee on Marine Pollution (QJ’X/2/5). After considerat~~~n

of the United States note and proposals submitted by other c1 ieçjations ,

the Subcommittee on Marine Pollution agreed that it should procee l

with nine studies on the basis of the outline set out in OP X/9,

Annex II. The study of the Segregated Ballast Tankers is listed

as Study 1, with the United States as the lead country and Norway,

Sweden and the Uni ted Kingdom as associate countries.

The pr imary object ives of the s tudy are:

1. To evaluate the effect of design modifications on oil

pollution abatement for a range of very large crude carriers; and

2. To determine practical arrangements (designs) for a famil ,

of tankers with various segregated ballast capabilities.

The study has been divided into four subdivisions:

• Estimate of capital costs;

• Es t imate  o operating costs;

• Degree of effectiveness regarding pollution abatement; and

• Assessment of practical factors.

2



A fam i l y of e igh t  designs of 250 ,000 to n deadwei ght crude oil

t a n k e r s  fo rms  t h e  basis fo r  the  s tud y.  To provide i n d i c a ti o n s  of

t h e  e f f e c t  of design variations on tankers with deadwe ight q u i t e

different from 250,000 tons , two o ther  baseline tankers  were

s e le c t ed  ~~t about 120,000 and 500,000 tons deadweig ht. A single

a l t e r nat i v e  des ign was developed for both of these deadweights to

indicate whether trends observed for the 250 ,000 ton ships were

cha nged in any significant manner . The three basic des iqns  ar e

hereafter referred to as the 120 series , the 250 se r ies  and t he

500 s e r i e — .

In each series an e x i s t i n g  design was selected as a basis  for  base-

line dimensions and characteristics. The power level was heLl

co n s t a n t  fur al l  v a r i a t i o n s  of a g iven deadweight and the  sp ec il i -

ca t iOnS  f o r  the bas ic ship were modified only to the  extent  neces sa ry

to  r e f l e c t  changes required by the design changes to the c o n f i g u r a t i on .

Since draf t is o f t e n  the most severe l i m i ta t i o n  on tanker  d imens ions ,

t h e  draft of a l l  ve r s ions  in each size group was kept the same as

t h e  ba se l i ne  desi gn .  I nc reas ing  the an~~u nt  of segregated b a l l a s t

i n  excess of t h a t  normal l y car ried by a large crude t anker  r e s u l t e d

in excess freebo ard.  Excess freeboard would in all  l ikelihood also

resu l t  if deadweight  were held constant  instead of d r a f t .  Holding

leni th and beam constan t also , the depth was changed to provide the

maxi mum cargo deadwe ight  c apac i t y  wi th  va ry ing amounts  of segregated

balla st capaci ty and cargo at 38° A.P . I . ( S p e c i f i c  g r a v i t y  of U.M345 .)

3



While the end result is a family of ships which is deemed sufficiently

representative of actual designs for comparison purposes , t hey should

not be considered optimums.

These twelve designs were developed to permit an estimate of the

effect  upon capital and operating costs of each of the following:

1. Influence of the amount of segregated ballast capacity

2. Influence of protective features such as:

• double bottoms

double sides

• complete double skin

• al ternate cargo and ballast wing tanks

4 
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SECTION II. DESIGN AND ENGINEERING SUMMARY
—

T h i s  sec t ion  of the  repor t  provides an overview of all  designs

developed in the course of the study. 8efore describing each

version individually the bases common to all designs will be o i v e n .

In addition to those dimensional limitations mentioned in the

introduction , the following design goals were achieved on all

c1es~ qns:

1. Sufficient cubic capacity is provided to permit carriage

o f u l l  deadwe ight on a 22 ,000 mile voyage w i t h  a cargo g r a v i t y

of 38°

2. All designs satisfy standard classification society

section moduli requirements without significant additional steel.

3. For each series of deadweight the draft is held constant.

4. For each ser ies of deadweight the power and speed are

held constan t .

S. All designs employ ABS hi gher s t r e n g t h  steels types  AH a n i

1~~1 to the max imum extent  deemed practical in long it u d i n a l  m a t e r ia l .

Ordinary strength steel is used elsewhere.

h. All segregated ballast tanks receive a complete surface

t reatment and a coating of inorganic zinc.

7. All designs meet the hypothetical oil outflow requirements

proposed by IMCO .

5 
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8. All designs possess sufficient stability to satisfy the

damage requirements of the 1966 Loadline Convention .

9. The baseline designs in each series are freeboard draft

designs ; others are not.

Pr ior to determining the influence of the amount of ba l l a s t , th~

bal last  requirements of each series had to be determined . The

amou nt of ballast that will be carried on board a tanker is a

function primarily of the ship’s characteristics and of the

weather condi t ions.  The character is t ics  include bulbous bows ,

si ze , proport ions and vibration and motion performance. But it is

weather conditions which appear to have the most s ign i f icant e f fec t

on the amount of ballast carried. In order to assess the frequency

with which heavy weather is encountered in a typical large tanker

trade route , log book data was reviewed.

These data indicated that heavy weather conditions ( Beaufort 6 or

greater) will be encountered in over 90% of the voyages between

Northern Europe and the Persian Gulf , which is one of the most

impor tan t  large tanker routes today. Although the ballast carried

in t h i s  trade showed a considerable amount of scatter , the re  appear

t o  be several trends. One is that the amount of ballast carried ,

• as a percentage of full load displacement decreases wi th  increasing

sh ip size.  Secondly, there appears to be two basic condi t ions  at

which the large tankers operate , one for normal weather (Beaufort

6
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5 or less) and the other for heavy weather . These conditions range

from 45% to 55% of the full load displacement with greater amounts

occasionally used .

Because of the scatter in the data it has been impossible to select

a specif ic ballast condition for a 250 ,000 DWT tanker or any o ther

series. Accordingly two segregated ballast cases were selected

for  examination in th is  study,  one at 45% f u l l  load displacement ,

the second at 60% to encompass the majority of heavy ballast cases .

(See Table A-2, Appendix A , for ballast capacities as a percent of

deadweight.)

Fi gure 1 shows plan views of the complete group of ships studied

along with principal dimensions , ballast location and quantity .

it gives an indication of the relative ship sizes and arrangements

considered.

A. Ship Configurations

1. 250 Series: This series is comprised of a family or eight

shi ps developed in suff ic ient  detail to establish const ruct ion cos t .

An additional version was developed only to the extent  that  i ts

lack of f eas ib i l i ty  could be established. With the except ion oi

depth all ships had identical dimensions , displacement , hull form ,

accommodations and machinery but different  tank confi gu r a t i o n s  and

leadweights. In all design types the total segregated ballast

capacities include ballast carried in the forepeak , the wi ng tanks

,8



and other miscellaneous tankage. The base ship, (a), is similar

• to an e x i s t i n g  vessel.

( a )  250-A : This design is a s ingle skin conven t ional

sh ip of about  250 ,000 L.T. deadweight as shown in drawing No. ~ 5OA-l .

I t  is  ty pical of a large crude tanker now in o p e r a t i o n .

(b)  250-A IMcO : This  desi gn represents one method

of ad us t ing  the design of 250-A to meet the IM~O o i l  L ,.tIlOW

l i m i t a t i o n of ~0 ,000 cubic mete r s .  It  is shown in d rawing

No. 25O-IM~~~. This design constitutes the correct base for  compar ~~sor

of the remaining variations since all subsequent designs also meet

t he IM~~ oil outflow limits.

(C) 250-Bi : This design incorporates a B/15 uoubie

bottom depth with sufficient depth increase to maintain ~~~~~

cubic. It is shown in drawing No. 250Bl-l.

(d) 250-B2: This design includes a double bottom o~

sufficien t depth to pro”ide a total ship segregated ballast dis-

placement of 45% of full load displacement. It is shown in cirawin .

No. 250B2—l.

(e) 250-C: This design includes a double bottom W i t t ~

a depth  of [3/15 plus a double side skin of su f f i c i e n t  width to

provide  segregated ba l last  capaci ty  necessary lor a segregated

ballast displacement of b0% of full load displacement. It i s

shown in drawing No. 250C-l.

(1) 250-D: This design includes double sides oi~

~. e - f i c i e nt  width  to y ield a segregated ballas t d isplacemen t of 00 ,

LI  fu l l  load displacement without a double bottom . it is shown in

dr aw ail l N o ,  2500—1. 



I
(g) 250-El: This design represents a single skin

convent ional tanker wi th  requis i te  depth increase needed to provide

a segregated ballast displacement of 45% of f u l l  load displacement.

The segregated ballast is carried in alternate wing tanks .  It  is

shown in drawing No. 250E l.

( h )  250-E2 : This design has the same r e a t u r e s  as

250-El , but provides suffic ient  ballast to enable a segregated

ballast displacement of 60% of full load displacement. It is

shown in drawing No. 250E2-l.

( i )  250-F: An end point  design not shown in Fig.  1

was considered wherein both double bottoms and double skins were

pro vided which met the IM~~ damage assumptions , i.e. B/ l5 for

bo t tom penetration and B/S for side .

The provision of B/l 5 and B/5 double bottom and skins respectively

requi res tha t  nearly 50% of the cross-sect ion area be devoted to

segregated ballast or void spaces. Retaining the design approach

of only var y ing depth to regain cargo cubic capacity lost to ballast

resulted in a design with an abnormal beam to depth ratio of 1. ~7.

As a consequence , this design had deficient stability characteristics .

The great depth needed to obtain the required cubic resulted in a

cargo center of gravity so high there were only about 2 feet (0.ol in)

of Q4 available in the full load departure condition. This compares

to over 20 feet (6.1 in) normally found. The damage stability

st andards set by the Loadline Convention could not possibly be

achieved. E f f o r t s  to improve the s tabi l i ty  by increasing beam and
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reducing depth indicated that reasonable stability did not occur

unless the design length/beam ratio approached 5 which is lower

tha n what is present ly  considered good pract ice .  For t h i s  reason
this version was dropped f rom f u r t h e r  detailed cons ide ra t i on .

2. 120 .s~ cies: Two ships form this series . With the excO .

of depth , bo th shi ps possess ident~~ca1 dimensions , displacement ,

- hull form , accommoda t ions and mach i n e r y  but with different tank

configurations and deadweights. The base ship (a) is similar t o

an existing vessel now under construction.

( a )  120-A : This desi gn is a single skin convent iona l

tanke r of about 120 ,000 L.T. deadweight .  It provides a base price

for evaluating the effect of changes and is shown on drawinçi No.

l2OA-l .

(b) 120-C: This design includes a double side and

double bottom with a depth of B/l5. As on 250-C the segregated

ballast displacement was maintained at 60% of lull load. i t is

shown i n  drawing No. 120C-1.

1. 500 Series: Two ships form this series . W i t h  the except ion

of depth , both ships possess identical dimensions , displacement ,

hu ll f o r m , accommodations and machinery but differin g tank con-

(igurat ions and deadweights. The base ship (a), is s i m i lar to a

design presently under construction .

(a) 500-A : This design represents a nominal 500,uOO DWT

tanker . A 477,000 DWI’ ship was selected as a basis and modified

to meet IM~0 oil outflow requirements by increasing the subdivisioi-~

11
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I
and including a double bottom ir. the number 2 centerline tank. 1
It is shown in drawing No. 500A-l.

(b) 500-El : This design is similar to 500-A with

the except ion of a segregated ballast capacity suffi lent to provide

a ballasted displacement of 45% of full load. The ballast is

located in wing tanks placed intermittently along the ship s10e .

B. Desiq~i Procedure

This study has been conducted by a joint working group in consultation

with the American Bureau of Shipping. To meet the target date for

the Study Report to be considered at the VIII Session of the Sub-

committee on Ship Design and Equipment , ~chedu1ed for June 12 , 1972 ,

the work effort in the area of cost estimating, and structural

design and steel weight estimates was contracted out to a [3. S. firm

of naval architects.

I
The prime contractor , working together with the American Bureau of

Shipping, completed the basic design studies required to determine

the construction costs in a representative shipbuilding center

(Japan) for each of the twelve crude oil tanker designs.

The p re l imina ry  design information was furnished to the cont rac tor

and the American Bureau of Shipping for each of the tanker config-

urations. Based on that information , general arrangement plans ,

skeleton midship sections , skeleton bulkhead scantling plans and

cargo oil and ballast piping diagrammatic plans were developed by

12



the contractor. The American Bureau of Shipping reviewed the

structural plans and found the scantlings acceptable for the

purposes of this study.

Based upon information available f rom preceding studies it Was

decided that there were three major areas of cost differences.

T aese areas were identified as follows:

1. Hull Steel

Tank Coatings

3. Cargo Oil and Ballast Systems

The designs were developed so that  pr imary a t t e nt i o n  was devoted

to these major areas of cost d i f ference .

Consequ e n t l y ,  in addition to midship sections and detailed bulkhc id

scantling determinations , diagrammatic cargo oil and ba l l a s t  p ip i n c

drawings were prepared and the total area on each design receivin g

special coatings Was determined by means of tank by tank area

calculations accounting for structure.

Steel weights were considered to be the sinole most important aspo~ t

oi the cost differences and the following paragraphs outline the

method used in obtaining this estimate. An accurate material take-

oh was made for each of the designs covering longitudinal and

transverse material in the 0.4L amidships.

13 
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By ana lys i s  of the scantlings on a ship of similar dimensions ,

which had ac tua l ly  been bui l t , the extent  of the weight reduction

for  longitudinal material in the tank space outside the 0.4L

amidships , due to the taper in the scantlings and the effect oi

h u l l  fo rm , was approximated. Likewise , the exten t of the wei gh t

reduction of transverse material (bulkheads and web frames) in the

tank space outside the 0.4L amidships , due to the e f f e ct of hul l

f o r m , was determined.

,Wailabl e  sca n t l i ng  plans for  the ship which was used as t h e  ba-~is

for the 250-A design were studied in detail to determine the weight

relationships between plating and stiffeners in the tank space out-

side the 0.4L amidships with corresponding members within the O.4L.

Area relationships were also developed for structural members which

tape r due to hu.t~. form.

F;4ctors b r  the inner bottom were based on area !elationships

determined from the lines plan of the parent ciesi (~n for the 250

Series with inner bottom scantlings assumed to remain constant.

ct ’r s developed for the 250-A, 250-C and 250-El  desi gns wer e

used for the 120 and 500 Series .

The end weights used were based on tha average weight per foot of

depth of the hull previously selected for the conventional designs.

Machinery  weights were estiaated for all designs and no major

va r i a t ions occurred as a result  of any design changes. Outfit
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weights  were developed for the base ship in each series anu wei ght

d i f ferences due to increased dept h , increased ballast piping,

pumps , or cargo piping were considered as incremen ts to the base

ship.

C. Design Comparisons

Tables A- i and A-2 in Appendix A summarize the princi pal characteris~~i~ S

of the twelve designs , provide information on the total deadweight

capacity, cargo cubic capacity and ballast capacity. As stated

earlier no dimensions within a given series varied with the

except ion of depth. For the 45% ballast de&thns~ depth increases

of about 13% were necessary in all series. As segregated ballast

was increased to the 60% condition depth increase do ubled to abou t

2b% deeper than the base case. The design basis requirino suificient

cargo cubic to carry the full deadweight of oil at 38° A.P.I.

gravity was ach ieved . The bal last  to deadwe i ght  r a t i o s  f a l l  w i t h i n

na r row bands depending on the  required segregated ballast d i s p l a c e m e n t .

Th is  f i nd i ng was independent o1~ deadweight series . The base shi p

ba l las t  capacity ranged from 16 to 20 percent  of the deadwe ight .
I

S h i ps designed for 45% ballasted displacemen t had r a t i o s about 40 ;

with ~~t~~~
’ being the resultant ratio for a 60% segregated ballast

displacemen t. 250-Bl which was not designed for a specified

hall~~st displacement possesses a ballast/deadweight ratio of 30%

which is midway between the base cases and the 45% designs.
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Table A-3 in Appendix A presents the weight summary developed for

each design. Due to the time restriction imposed in preparing this

study it was not possible to optimize the structure on each desi gn

and the resultant weights may not represent minimum weight designs.

The steel weight to displacement ratio is about .11 for all three

base ships. The highest ratios are for 120-C at .17 and 250-C at

.15. The increases , in general , followed closely the variation in

depth and structural complexity . The steel weight fraction of the

total light ship weight ranges from .81 for 120-A to .88 for 500 El.

The trend for this fraction increases with deadweight , and for  a

given deadweight increases slightly over the base ship as the

ballast capacity increased or structural complexities such as

double bottoms or double sides are added. Since depth was increased

on all variations of the base ship it is not surprising to f i n d

that the percentage of ordinary strength steel also increases for

all modifications of the base ship. The percentage increases range

from 5% on 500-El to 32% on 120-C. For 250-C the percentage increase

in ordinary strength steel was 29%. This trend can be explained by

noting that the length/depth ratio of the 120-A and 250-A are 12.5

I
and 12.9 respectively, whereas this ratio on 500-A is 10.0. In

(J eneral the lower the L/D ratio becomes the more efficiently

long itudinal material can be used. Hence the variations of 120-A

and 250-A r esul t ed in deeper ships permitting greater application

of o r d i n a r y  s t r ength steel.
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The bene f i t s  due to increased depth are not wi thout  l i m i t .  For

length/depth rat ios less than 10.0 very l i t t l e  addit ional  cred it

is per mit ted , hen ce , there is a rather small increase in the

percentage of ordinary strength steel on design 500-El . The

percentage increase in ordinary steel grows at a faster rate tnai

t he percentage increase in depth when double bottoms are fitted

b~ t at a slower rate when no double bottoms are used.

The ou t f i t wei ghts for  all de~ igns fall in a narrow range between

.08 and .11 of the total light ship weights with the lower values

occurring on the deeper ships which experienced appreciable

increases in steel weight .

The long itudinal strength studies performed for three load conditi’

showed that all designs in each series required the same sEc t io~

modulus. The highest bending moments are summarized in Tahl (’ A --

of Appendix A.

As a r e su l t  of the stab i l i t y  problem s encounte red  on t h e  a~~oi - t c

I
version 250-F , the damage stability on selected other designs ~ . ‘ ~~~

. a mi n e d . On the  hasi~ of the worst damage couctition . namely

damage to two adjacent wing or double bottom ballast tanks , i i

possible , and penetration to interior ballast tanks as on (le~~i(4n

250-C , the base sh ip ,  250-A, possesses the greatest marg in of ~~

over that which is required . Although margins are less b r  t h e

17
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deeper ships they all complied with the damage stability re uirements

of the Loadline Convention. Table A-5 in Appendix A summarizes

the resul ts  of th e s tabi l i ty  calculat ions.

As noted in the des ign bases all designs were required to comply

w i t h  th e proposed IMOD oil outflow regulations. It was for this

reason that  a 250-A IMcO design was developed. The parent 250

did not meet the outflow requirements either for collision or

stranding, bu t rela tivel~( minor modifications to the arrangement

assured compliance. The outflows based on the IMCO criteria are

presented and discussed in Section V. Design 250-El failed to meet

the requirements. However , by moving the forward bulkhead of

numb er 2 ballast tank forward two frame spaces , the number 3

centerline cargo tank bulkhead forward 3 fram e spaces , and the

fo rward  bulkhead of number 3 ballast tank a f t  two f rames , the

o u t f l ow meets IMcO requirements.  This approach does not change

the nu mber of tanks , the total ballast or the cargo capacity.

Figure 2 shows the arrangement of the revised version which meets

IMcO ou tflow. Since this rearrangement should result in little or

no change in cost the economic studies are valid.

The areas which require special coating are provided in Table

A-6 of Appendix A.
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250-El - A l t .  1

CHANGES:

Wing tank bulkhead moved from 608.8’ to 643.3’ Aft. FP

Wing bulkhead moved from 401.58’ to 367.06’ Aft . VP

Bulkhead moved from 401.58 ’ to 349.8’ Aft. VP

Bulkhea d at 280.86’ A f t .  FP deleted

Bulkhead added at 194.56 ’ Af t .  PP

REASON FOR P&)VE:

exceeded IMCO (was 32 ,613 m3)

RESULTANT IN(X) 04JTFl.0t:~~

O~ = 29,518 m3 (tanks Ac , Sc , 4w)

= 21,290 m3 (*ank 3w)

EFFECT ON TRIM:

Condition Old Trim Alt. 1
Full 1.60 ’ A l .36 ’A
60% Ball 8.59’ A 0.93 ’A
45% Ball 3.02 ’ A 4 . 96’A

EFFECT ON STRENGTH: BENEFICIAL

• 
~~ : - - -—

‘~~~~r~~ ~~~~~~ ~~~~~ 4I~~~P

! 1 J 1  1~~~’~~~ ~• , A .~~ e.S.S ~~~~~ I~ 4.5l. 
~~4• 5øe~~3

4I ~ I ‘ -- 2 2w 1 34, l~~7

H1’ zcT~~ _ _

-,

- ._ _ 25ø~ 4 T J  ~~.i_ i I ‘-~~ “ii - .. :~~ .
( ,,.~ I I

Fig. 2 Alterations To Design Type 250-El

19

-g



I
Changes to the base ship resulted in changes to the piping system.

Increasing the number of tanks modified the piping system accordingly.

Increases to the amount of segregated ballast carried required an

increase in ballast piping and an increase in ballast pumping

capacity.  A duplicate pump and ballast mains were added for  the

ships w~~th  segregated ballast of 45% or more.

In the double bottom ship versions , in order to minimize  the possi-

b i l i t y  of cargo oil leakage in to  the pipe tunnel , the piping was

changed to welded steel without flanges and with expansion loops

rather than flexible couplings. The double bottom designs permit

a significant reduction in the number of bellmouths and piping

due to the sumps common to double bottom designs.

No attempt was made to optimize piping on any single ship but

simply retain systems developed for the actual designs which were

intended to be quite flexible. The diagrammatic piping drawings

for all versions are shown in the plans Section , Appendix C. I
I
I
I
I
I
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SECTION I I I .  CONSTRUCT ION COST

A. General

Using data from Japanese sources as representative , the prices for

each of the twelve designs as developed in this study were estimatcd .

A summar y of the ship prices and differentials is included in

Table A-7 of Appendix A. These figures represent the shipyard

selling prices.

The prices for ships which represent departures from conventional

designs have been established on the basis of estimating the cost

of differences in material and labor requirements and other direct

and indirect  costs. Est imat ing factors were used which make

adjustments for added complications in construction practices as

compared with the conventional designs. No additional price premium

has been added to o f f s e t  the resistance which migh t be encountered

by an owner in attempting to contract for the construction of a

complicated desi gn at a time when shipyards expect tha t orders for

conventional types may continue to be obtained in reasonable
I

quanti ty.

The cost est imates are based on the premises that  shi pya rd experience

and facilities are adequate to build any of these designs , that

pricing of all des ign s are suitably related to make a contract for

any one of them equally attractive to the shipyard and that owners

will no longer be restricted to only the conventional design but
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may choose one or more of the unconventional designs for  q u a n t i t y

orders in the f ut u r e .

Although primary attention was devoted to the major areas of cost

differences noted previously other items such as the ballast pump,

anchors and chain , hatches , manholes and gratings , and vertical

inclined ladders were compared and priced. Pricing of hull steel

required a major effort in estimating steel weights and the details

are given below. Tank coatings were priced on calculated areas.

Due to the wide variations in arrangemen t and number of cargo oil

and ballast tanks , piping system costs were based on detailed

estimates using each of the diagrammatic plans.

B. Pricing of Hull Steel

Stee l weights for each des ign were broken down into mild  steel and

higher s t rength steel (ABS 36). Longitudinal higher strength steel

grades within the four tenths length amidship was assumed to be a

50/50 mixture of AU and Df-f grades. Longitudinal higher strength

steel outside the four tenths length was assumed to be all of AH

grade. All material forward of the forepeak bulkhead and aft of
I

- 

the machinery space bulkhead was assumed to be mi ld  steel w i t h  a

mixture of 60% plate material and 40% shapes. Unit prices per ton

were determined for each of the materials involved as well as for

welding rod. These were adjusted by a percentage factor  to cover

the shipya~ d scrap allowance and rolling tolerances .
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Values of labo r man hours per ton of mi ld  steel fo r  the  conven t iona l

designs obtained from various sources within the representative

shipbuilding country were found to be generally consistent. Guidance

was obtained in determining the man hours required for higher

strength steel construction and in establishing estimating factors

for labor man hours for each of the design var iations based on

careful study of the individual configurations and the related

construction complications. Curren t wage and charge rates were

inve~.tiqated as well as escalation values which mi ght be anticipated

fo r  t h e  1974 de l ive ry  period.

Afl a l lowance  was added to the t o t a l  of the mate r ia l  and labor costs

to cover general expense , management expense , profit , market a l lowance .

e t c . ,  in order to give a selling pr ice level wh ich is rep resen ta t ive

of the current shipbuilding market situation.

C. P r i c i n g  of Other  D i f f e r e n c e s

A— ~ noted above the added cost of special tank coa t ings  were computed

on an area basis as were the exter ior  paint  r e qu i re men t~. r e s ul t i n i
I

from increased hu l l  depth.  Exter ior paint  areas were c alcu l ut e d  by

m u l t i p l y i ng the added depth by the long it udinal  gir t h  of the hu l l

at  t h .  deck level .  The prices of cargo oi l , ballas t and str i poi ng

s y s t e m s  were based on detailed es t imates  using each of the

~1icirammat ic plans by identify ing material , quantity, size and

weiqht of piping, valves and fittings . The piping systems were

priced on a weight basis with unit prices applied to the net

2 1



weight s of :

Piping and flanges I
Valves

Fittings

Labor man hours were also calculated on a weight  basis. Pi ping

system price differences are entered in Table A-7.

I
Due to the amount of money involved , the prices of the additional

ballast pumps required for certain of the designs have been entered

as a separate item on Table A-7.

Other items of minor significance which were considered include I
the following :

1. Anchors and Chains - price differences based on weight $
differences.

2. Hatches , Manholes and Split Gratings - price di f ferences

based on detailed q u a n t i t y  t ake-of fs.  I
~~~. Vertical and Inclined Ladders - price d i f fe rences  based

on l e n g t h s .

These price d i f f e r ences  are all summarized in Tatle A-7 .  I
D. Price Comparison

Analysis of the price information provided in Table A-7 of Apperdix A

c o n f i r m e d  the  ea r ly  indica t ion that  the cost of rteel , coat in gs and

pa in t , and cargo oil s t r ipping and ballast piping would be the
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primary areas of price difference. In fact , with the exception

of 250-A IM~ O , steel and coat ing price d i f f e r e n t i a l s  accounted for

at least 85% of the to ta l  d i f f e r e n t ii~l and usual ly  over 90% .

Even 250-A IM~ O had 79% of its cost differential in these two

categories. It was held at that lower value because of the

relatively minor desi gn changes consisting of additional transverse

bulkheads which did not incr ease steel weight and cost at a rate

grea tly different from the increase in piping required for the

add i t iona l  t anks .  Cons ider ing  onl y those ships w i t h  increased

segregated ballast capacity or some type of double skin , it can be

seen that the steel cost increment alone is always more than ~~~

of the total increment and with the exception of 250-El exceeds

70% for all other cases. The reason why 250-El exhibited a lower

steel cost increment can be attributed to the following:

1. The length/depth ratio was high enough that. more efficie nt

use of  steel was possible with a depth increase , thereb y permitti ii i

grea ter  use 0 ordinary strength steel.

2. The tank arrangement  and number remaine d r e l a t i v e l y low

resu lt ing in smaller increases in transverse steel structure than

on o t h e r  designs.

3. At the same time steel cost increments were limited ,

coatinq and piping costs were r i s i n g  at a more rapid ra te  due

~0 increa .ed ballast capacity.
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In contrast to a 4.2% cost increase for 250-El , 500-El exhibited

a 9% increase in construction cost .  This can be attributed to I
the proportions of the base 500 design previously mentioned ,

which did not lend themselves to improved structural efficiency I
when depth was increased. In fact there was little reduction

in t h e  total amount of high strengtn steel used and an 18% increase

in to ta l  steel compared to less than 7% on 250-El . I
At tempts to draw conclusions based on small differences in incremental I
costs should be done with caution. This is due to the fact ,

mentioned earlier , that none of the designs have been optimized

w i t h  regard to s t ruc tu ra l  design or any other area of cost difference. $
Thus one version may be a very good design compared to another

al though both are feasible and useful for general comparisons. I
For the 250 series ships which were modified , excepting 250-A IMCO ,

incremental coating costs ranged from 11% to 31% of the total cost I
different ial.

The importance of cargo oil stripping and ballast piping changes
I J

was variable. Due to the elimination of numerous beilmouths and

general simplif ication of piping arrangement in the double bottom

designs, there was little cost change due to double bottoms.

250-El actually resulted in a cost decrease even though welded

piping with expansion loops was required. Increases in the number

of tanks and total ballast capacity had a more significant effect
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on price change , but still considerably less signi ficant t han tank

coatings which were several times less impor tan t  than  steel .

All the other items combined represented less than 5% of the total

cost differential for each design. This confirmed the val idity

of the decision to concentrate efforts on steel , coa t ings  and

pipinç~ systems .

I

27



SECTION IV ECONOMIC ANALYSIS

A. Basic Approach

Economic analyses have been made for each of the ship designs to

show the relative effect of the basic design changes on the marine

transportation costs. Possible shore cost differentials have not

been considered . The measure of marine transportation costs used

is the required freight rate (RFR ) which accounts for amortizat ion

of capital as well as operating costs.

RF1~ values have been calculated for two voyage lengths :

A long voyage of 22 ,000 n.m . round trip is taken as

typ ical of the longest normal crude tanker voyage~~.

A shor t voyage of 5,000 n.m. round trip has been takeñ~~

as typical of the shortest voyages normally made by

large crude carriers.

The calculat ions reflect typical cost parameters which may be cxp & ~ t (.~

during the 1970 ’s under non-U. S. conditions. Since they dO not

re f lect a specific f l a g ,  trade , or date , however , these results

should be viewed principally in relation to each other rather than

as absolute values. Sufficien t information is presented , however ,

so tha t calculations for variations in individual parameters may be

made.

)3. Base Ship Economics

The principal economic bases are given in Table 1 , and principal

operating parameters are given in Table 2. Table 3 shows a percent
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breakdown of economics for  each of the  three  base case sh i p (120-A ,

250-A IMCO , 500-A), each in a long and short voyage in a zero tax

e n v i ro n m e n t  w h i l e  Table 4 presents similar data with a 50% tax .

Further details of the economic analysis are provided in Appendix B.

These relat ive economics for the base case ships have been preser

prie r to a discussion of the economics of design changes unde r stu~

in order that the basic makeup of large tanker economics may be

properly unders tood .  This unders tanding may be further facilitatel

by taking note that for both long and short voyages the various

parameters show the following trends .

Capi t a l  costs are  the largest component of R}~R bein’i in

the range of 46 to 58% with no tax , and 57 to 087 with

50% tax .

In s u r a n c e  an d fue l  costs , as well as port char’~~- - -. in th e

short voyage , are next most important.

. Components having a lesser impact on RFR are m a n n i n g .

provision/stores , repairs , and miscellaneous~

All large tankers have a high number of operating days per

I
year , a very high percentage of whL:h are spent at sea.

As noted in Sect ion II of this paper , the three base shi p-~ (120-A ,

250 1MG), and .500-A) are not a part of a common series or c rnmo n

specification base and therefore comparisons should not be ma lc

from these data in regard to ~.he trend of e one:T’ies with scale.

ad —
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TABLE 1 Principal Economic Eases

Cost of Capital 10%
Ship Life 20 years
Scrap Value 10%
Tax Rate 0% and 50% (for 50% tax rate,

double declining balance
depreciation is used)

Crew Cost $350 ,000 per year
Provisions and Stores $150 ,000 per year - 120 series

$175,000 per year - 250 series
$225,000 per year - 500 series

Fuel Price $23 per ton
Maintenance & Repair $200,000 per year - 120 series

$250,000 per year - 250 series
$300 ,000 per year - 500 series

Insurance and
Port Charges See Appendix B

~~~
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C Economic Results I
Table 5 presents details of the RFR values for all 12 cases for the

long voyage and Table 6 presents similar data for the short voyage.

RFR ’s are shown both for the zero and 50% tax assumptions• Before

examin ing these results by parts the net change in RFR values for

each ship design variation against its respective base vessel is I
• shown in Table 7.

From Table 7 the following trends should be noted: I
• The percent change in RFR for each design variation may

be approximated reasonably closely by knowing the percentage

change in investment •

• The percent change in RFR for any particular design feature

• 
• 

is not strongly influenced by voyage length. I
• The percent change in RFR for a particular type of design

feature should not be strongly influenced by tanker size

• in the large crude tanker range. For example, compare I
the percent change for 120-C with that for 250-C. The

case of 500-El versus 250-El appears to be somewhat I
• distorted by the large increase in capital cost for

I I• 500-El over 500-A. As discussed previously , this has

been caused by the unusual proportions of these two ships. I
4: Despite the higher influ.nce of investment On RFR , oth er componen ts I

of RFR will also be influenced by ship design changes as can be

seen from Tables S and 6. While a d tail.d discussion of the impact

I
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TABLE 7 Percent Ctmnge In R quir.d Freight Rat. For Des i~~t Changes

- Zero Tax

0 Increase in B Increase in RFR
Inv.staset Lon g Vovaaq Shor t Voyage

120140w’r Ser ies

L 1) Increa se Segregated Ballast 22.9 20.4 21.] .
capacity to 60%, aId Double Skin

( Base to 120-C)

- 250MV-WT Series

1) Increase Segregated Ballast 4.2 43. 5.1
capacity to 45%

- (Base to 250-El)

2) Increase Segregated Ballast 9.8 9.9 11.6
- capacity to 60%

(Base to 250-82)

3) Increase Segregated Ballast 6.4 5.9 6.2
• capacity to ~~)%, add Double Bottos

(Base to 250-Bi)

- 4) Increase Segregated Ballast 8.7 8.2 8.8
capacity to 45%, add Doubl e Botto00

- 
(Base to 250-82)

5) Increase Segregated Ballast 10.9 3.0.7 12.4
capacity to 60%, Add Double Sides

(Base to 250-D)

6) Increase Segregated Ballast 17.5 16.5 17.8
capacity to 60%, Add Double Skin

n ( Base to 290-C)
U

50ON~~ r Series

1) Increase Segregated Ballast 9.0 8.3 9.2
capacity to 45%

(Base to 500-El)

I 
~II 

39 
-



of design features upon both operat ions and pollution considerations

is contained in Section V of this report, the importance of these

factors to the economics in Tables 5 and 6 is as shown in Appendix B.

D. Sensitivities

In order to investigate the importance of various economic and

operating factors to the principal economic results just presented ,

sensitivity calculations have been made giving results as indicated

below:

• Construction Cost

For an assumed increase or decrease in investment differential

between the case under study and its respective base case of

~ 25% , the change in RF1~ will be as indicated in Table 8.

As ~~uld be expected the percent RFR value changes almost

directly in proportion to the change in investment

differential for each case.

Deadweight Differential

For a ~ 25% change in the deadweight differential between

case 250-C and base (11 ,482 tons which i% the largest

deadweight differential) the percent RFR change is only

3.24%. From this example it can be seen that the estimated

- 

- deadweight differentials are not highly significant to the

percent RFR values.

H



_______________________
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TABLE 8 Sensitivity of RFR Differential To Investment Differential
- Long Voyage , Zero Tax

L RFR DIPPIRENTIAI.. (0)
For Original For Original For Ori gina l
Invest. DifL Invest. Diff. -25% Invest. pjff. .25%

l2OMDW~
Base to 120-C 20.3 18.0 22.7

25014 DWT
Base to 250-81 5.9 5.1 6.7
Base to 250-82 8.2 7.0 9.4
Base to 250-C 16.5 14.8 18.2
aase to 250-D 10.7 9.1 12.3
Base to 250-81 4.1 3.5 4 7
Base to 250-82 9.9 6.1 13.7

500K~~~
Base to 500-82 8.3 5.1 33.5
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• Port Days

If the turn around time of any design change compared to

base is changed by four hours rather than two hours the

percent reduction in RFR is only -0.2% in the long voyage ,

and -0.6% in the short voyage (example 25C~-B2 vs. 250-A

IMCO). It should be apparent that it would take an

exceedingly short voyage for this to be a factor of

particular economic significance. Were this frequently

to be the case, then sound economic grounds would exist

for decreasing this port turn around differential in any

case so that the basic RFR values are relatively insensitive

to this factor .

• Operating Days

For a change of 3 days per year in operating days between

any given case and its base (a 0.9% change) the percent

change in RFR will be 0.6% (example 250-C vs. 250-A IMCO).

It will be seen that this is an economic factor of some

significance but it must be also assumed that means could

be found to minimize the differeni!e in operating days

between the various tanker types. An exception to this

could be the case wherein single bottom tankers in certain

trades may require t~~ to three days longer than double

bottom tankers for sludge removal, prior to drydocking,every

18 to 24 months. In trades where single bottom tankers

incur this penalty it might be on the order of l~ days per

year on average and change the RFR values by about 0.3%.
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Manning. Provisions/Stores and Repairs

A change to any one of these parameters compared to base

of ~ 25% will only change the percent RFR over base by

~ 1.1%. It can be seen that these estimates are not

crucial to the principal findings.

• Insurance

A ~ 25% change in level of insurance for all cases would

result in a ~ 1.2% change to the RFR differential between

250-C vs. 250-A IMCO. This example shows that while

insurance is a significant economic parameter its actual

level is not crucial to the principal results. However ,

if the assumed method of assessing insurance is changed

to reflect direct proportionality to capital investment

(for reasons explained in Appendix B), it would have a

significant effect on the RFR . For example , the effect

on the largest RFR differential (250-C vs. 250-A 1140))

would be 15%.

• Fuel Cost

A ~ 50% change of unit cost of fuel will have a ~ 3.7%

effect on the largest RFR differential (250-C vs. 250-A

1140)). This shows that the level of fuel cost while

important to overall economics is not significant to the

principal results.
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• Port Charges

A ~ 50% change in the level of port 
charges in the short

voyage will only have a 11.1% change on the RFR difference

between 250-C and 250-A IMQD indicating that port charges

are not significant to the principal results.

• Tax

As already shown , the e f f e c t  of tax level , while significant

to absolute values of RFR , has almost no effect upon the

pr incipal results of RFR di f ferent ia ls .

E. Economics of Ballast Level

Under the discussion of technical data in Section II it was noted

tha t t h e  study has several cases of similar ship types but at

d i f f k ’r in g  ballast levels in a range covering segregated ballast

capability for ballast displacement at either 45 or 60% of the full

load displacement.  I t  was further noted that this range was selected

since the amount of ballast actually needed throughout an entire

h~~11ast voyage will vary acco iing to many parameters having

prinLipally to do with the severity of weather phich the tanker may

e n c o u n t e r .

In order to understand the influence of minimum necessary ballast

tor an entire ballasted leg upon marine transportation cost , the

-~~~~~~ va lues  for the long voyage for all cases have been plotted in

Fl ‘ure 3 , as a function of ballast displacement.

~~~~~ P-~0.
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~~t i~ apparent 
trom a comparison of 250 A IM~0 , 250-El and 250-E2

that the amount of ballast actually required has a very significant

effect on the increase in RFR for segregated ballast designs.

From limited data kept by various large tanker operators the following

tentative trends in regard to ballast level may be postulated :

• The li ghtest ballast displacement actually used at ~~~~~;t

~n large tankers appear~ to be on the ord er of 45%.

• The heaviest ballast level used at sea in large tankers

at times exceeds 60%.

In a very high percentage of voyages from Europe to the

Persian Gulf the heaviest ballast displacement in large

tankers is 55% or greater.

• The reason for ballast displacement usually exceeding the

minimum level at times used at sea may be apparent from

Figure 4 showing areas with a high likelihood of encounterin ;

bad weather on a Europe to Persian Gulf voyage. Since this

route includes both northern and southern hemispheres there

is winter element to every voyage thereby accounting for

the likelihood of having to use heavy’ballast in every

voyage.

To accoun t for the impact of the above factors upon economics two

basic types of assumpt ion are possible:

I. For the cases under study to be taken as representat ive of

wnolly segregated ballast tankers , RFR values equivalent to a

bail.tst displacement not less than 55% of load displacement should

be used. 
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I
2. Alternatively , and particularly for large tankers which

may trade in shorter voyages or area s of ~riaarily good weather , I
an RFR value appropriate to a ballast displacement 45% of full

load might be selected. In this case if the vessel were to need

additional ballast because of weather it may be assumed that this

ballast can be placed in one of the tanks routinely cleaned to

avoid sludge buildup and therefore be acceptable for discharge J
at the loading port. If operating experience indicates that

large tankers with double bottoms do not need to wash cargo only

tanks  to prevent sludge buildup or for voyag repairs as is assumed

in this study, they would nevertheless have to wash on• or more

tanks specifically for the purpose of providing clean ballast capacity.

I



1 1 SECTION V. DE~~ EE OF EFFECTIVENESS FOR POLL’JT ION ABAT~ 4ENT

Under this category, each of the design changes must be studied

from two princ ipal points of view :

1. Pollution effectiveness for  operat ional discharges .

2. Pollution effectiveness for acc idental discharges.

Subsections A and B below consider these two areas on an in~ iviciual

ship basis. Subsection C presents a possible methodology for

combining both factors on the basis of total number of ships.

A. Pollution Effectiveness For Operational DischarQes

Considering the mitigation of operational pollution , ships of the

type studied here should show an improvement over base case ships

for two princ ipal reasons:

In a ship with sufficient segregated ballast capacity to

permit operation in ballast condition with segregated

ballast only in all weather conditions there would no

longer be any need to carry ballast in tanks that had

I • 
previously contained oil. This would eliminate two

sources of pollution which now exist for the base ships.

First , it would no longer be necessary to place ballast

in uncleaned cargo tanks to permit departure from the

• cargo discharge port. Second , it would no longer be

necessary to wash cargo tanks to hold ballast which is

clean enough to be discharged in the cargo loading port.

H Ships such as the 45% segregated ballast cases investigated

U
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I
in this study will still almost certainly , on occasion ,

have to load ballast in cargo tanks to achieve an

acceptable ballast operation condition. For these

ships , pollution from these two sources will be reduced,

but not eliminated.

Those features of each design which decrease the amount

of tank washing should also cause a reduction in

operational pollution. In this regard, however , even

with segregated ballast tankers, it will periodically

be necessary to clean those tanks that are used to carry

only cargo in order to remove sludge buildup and to prepare

the vessel for drydocking inspection and repairs. It has

been further assumed that in designs where the presence of

a double bottom yields a smooth tank bottom, the sludge

buildup will be effectively mitigated so that the need

to wash tanks occurs only when the vessel is being prepared

for her drydocking and overhaul period. This assumption

places the double bottom in a favorable position as compared

to the single bottom with regards to operational pollution.

Further operating data for large tankers with double

bottoms are needed to establish the validity of this

assumption.

operational discharge for the base case ships is being investigated

in detail by the United Kingdom in Study No. III. However , for the

purposes of this study , operat ional discharge for the base case

• 50



ships and all others , has been estimated using the tollowing

assumptions (for the first two items mean values are used in

calculations for Table 9):

Dirty ballast water contains 30-100 ppm of oil.

Sludge tank effluent contains 300-1000 ppm of oil.

Oil content in ballast water from cargo tanks that nave

been washed is less than 10 ppm.

In discharging dirty ballast , 90% goes directly overboard

at 30-100 ppm . The remaining 10% is sent to the sludge

tanks for decanting.

For operational discharges from tank cleaning operations , two

possible cleaning methods have been considered:

1. The cleaning is accomplished without recycling the wash

water and without high capacity tank cleaning machines .

2. The cleaning is accomplished with recycled wash water

and with high capacity machines. (Operational discharge will be

reduced from case 1 because the amount of wash water is reduced.)

Single bottom and double bottom ships must be considered separatel y.

All single bottom ships are assumed to have to wash each tank every

fourth voyage to prevent excess sludge buildup. On the other hanu ,

double bottom ships are assumed to clean tanks for sludge buildup

only once every eighteen months. Also , because of the ease in

cleaning a smooth bottom tank the amount of wash water in the non-

recycling cases is assumed to be reduced by 2/3 for the double
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I
bottom ships. The validity of both of these assumptions must be

evaluated as further data become available.

Estimates using these bases are presented in Table 9 showing

operational discharges per voyage for each design in cubic meters

at two ballast displacement levels.

I
The following points should be noted:

At 45% ballast displacement, the base ships (120-A , 250-A

IMcO, 500-A) should be able to meet the requirement that

maximum operational discharge per voyage be less than

1/15000 of deadweight using tank cleaning method No. 1

which represents the procedure now typical of the Load-

On-Top method. At 60% ballast displacement , the discharge

from the base ships is just over the 1/15000 requirement.

If Study III indicates that the base ships can significantly

improve on the data presented here, the relative significance

of the various design features considered in this report

would be directly reduced. Conversely, if Study III

indic~ttes poorer performance for the base ships the value

of these features is increased. It should be noted that

• • for even the base case ship a significant reduction in

operational pollution should result from use of the improved

procedures represented by tank cleaning method 2. Obviously,

t hese techniques are also applicable to the other designs

under consideration for tank cleaning.
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TABLE 9 Operational. ~iischarge Per Voyage

Ballast Loading 45% 60%
Tank Cleaning Method 1 2 1 2

L Ship Type DWT/l5,000 *

(1 120 A 9.6 8.57 4.85 ~~~~ 7.~ ’;

U 120 C 9.6 0.41 0.10 0.41
250 A 20.0 17.85 10.11 ~~~~~ :4.77
250 A (IMcO) 20.0 18.48 9.45 24.40 1 . . 7 3
250 8—1 20.0 5.17 3.34 9.17

• 250 8—2 20.0 0.86 0.21 8 .27
250 C 20.0 0.86 0.21 0.8~ 0 .2 1

j 250 D 20.0 5.80 1.93 5.80 .93
- 250 E—1 20.0 5.80 1.93 12.52

- 
250 8—2 20.0 5.80 1.93 5.80

Ii 500 A 38.0 35.70 20.22 44.96 29 . S~
500 8— 1 38.0 11.60 3.86 26 .34  12.14

£

*DLJ t/15 ,000 in in 3 for 38 API.

i-I
Notes : 1. All amounts in in3 , assisning 38 API cargo .

II 2. Description of tank cleaning methods
1. Non—recycling of washvater , using conventional

portable machines
1 2. Recycling of wash water , using high canacit;

washing machines

11

ii
E l
11
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Increas ing  the amount of segregated ballast capacity,

w i thout  a double bottom , should contribute significantly

to reducing operational pollution. Depending on ballast

level this reduct~on is estimated to be on the order of

50 to 75% (compare cases 250-D , El , E2 to 250-A It4~~~).

This occurs since the need to put ballast in empty cargo

tanks is reduced (or eliminated if suff ic ient  segregated

ballast is available). Accordingly , both tan k cleaning

and amounts of dirty ballast that must be handled would

be reduced (or eliminated).

The addition of a double bottom and segregated ballast

• should contribute a f u r t h e r  reduction to operational

poll ut ion  (compare case 250-B2 to 250-El , and case

250-C to 250-D and 8 2) .  This occurs for  two reasons.

Fi rst , as discussed above , the need to clean cargo

tanks to prevent sludge buildup may be eliminated.

-~~con( 1 , in those cases when it is necessary to clean

cargo tanks ( fo r  changing cargo grade, or to achieve

a ~~~r~~~ i f l  ba1last  displacemen t in ships that  have onl y

~ .rti ~~1 segregated ballast  capacity , for example) , the

amount  of wash water (in the non-recycling cases Only) is

reduced . The cumulative result of these two effects is

~~~~~~~~~~~~~~~~~ as a reduction of between 30 and 90% depending

on ~~~~ t ’.’pe of tank cleanin9.
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Add ition of double sides is not thought  to con t r i bu t e

significantly to reducing operational pollution . A

double side ship (without  double bottom ) should incur

the same sludge buildup as any other single bottom ship.

Al so , while smooth sides might be somewhat e a s i e r  to clear.

tha n the base sh ip ,  this credit would ~e ~~~~~~~~~ -~~gn i f icant

than that of tne smooth double bottom .

The above are believed to be the principal directional findings

which can be drawn from Table 9 in regard to operational poliut ion.

I n making any fur ther comparisons , it is important ~nat thu eCfect

of cha ng ing  segregated ballast level be considered s epa ra t e ly

f rom the impac t of the  other desi gn fea tures  such as double L ttoms

and double sides . For example , in a direct comparison of 250-El

to 250-C the re la t ive  effect  of increased segregated bal last  cannot

be separated from the effect  of adding a double s k i n .  However , a

comparison of 250-El to 250-82 and then of 250 E2 to 250-C does

permit a proper evaluation .

B. Poll u t ion  Effectiveness For Accidental  Discharges

1. In t roduc t ion

This sec t ion wil l  consider on ly  those categories of accidents  which

should be significantly affected by the specific design features

considerea in this paper . These are :

1. Strandings

2~ Collisions (ship to ship casualties)

‘3. R axTuning s ( sh ip  to object casual t ies)
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I
While accidents such as structural failures or explosions may

contribute to the total amount of accidental discharges, their

occurrence should not be significantly affected by the changes

considered here. Minor accidental sources such as leaking valves ,

• overflows , etc. are likewise not considered here.

Although shell plating thickness which is the primary structural

barrier to ramming varies little with ship size the contribution

of rammings to accidental discharge is considered to be at least

an order of magnitude less than that from strandings or collisions.

This is particularly true of the large tankers considered by this

paper for two pr incipal reasons :

1. These ships do l i t t le  maneuvering in the v i c i n i t y  of

bridge abutments and similar objects which are the source of most

ramming incidents for smaller ships.

2. As the ships have grown in size it has become more important

to control very precisely the speed at which they dock. This should

reduce the incidence of pier raminings. Equally significant i ’

the fact that in those cases when such a ra sing does occur with

a large tanker it is the pier rather than the ship which is most

l i k ely to be damaged . However , rammings have been included since

the double side ships (250-C , 250-D) should be particularly effective

in such an accident.
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1- 2. Information Sources

The analysis of effectiveness for accidental disciiaroe~ i’-. m ak~

difficult by the lack of applicable data. The amount of data

available is small and it applies to ships older and smaller than

the large tankers under consideration in this paper. The data

that  are  available fa l l  into several separate categoric ’ -~:

• Numbers of accidents , broken down into types (i.e.,

groundings , collisions , e tc . )  Whi l e  data oi t h i s

n a t u r e  are qui te  p len t ifu l , th ey are r a re ly  r e l a te d

to an amount of oil spilled. For example , -~-u

ref erences 1-5.

• Gross estimates of total  amounts of oil spilled per

year. These gross estimates are rarely broken down

into amounts by accident type . Reference 2 contains

data of this nature .

• Informat ion on the effectiveness of double bottoms ,

double sides , etc. References 1 and 4 contain data

of this nature. However , it is difficult to relate

these data to a particular damage severity and oil

outflow. Theoretical work being done in this area

has not proven of use thus far. Correlation between

these different types of data is poor. For example,

if data on numbers of accidents are multiplied oy

outflow per accident as given by the IMOD Hypothetical

outflow formula , the product is far in excess of the

• gross estimates given for accidental discharge.
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While it might appear that the IM(X) damage assumptions and hypo-

thetical outflow calculations would be a satisfactory means of

analysis , there are severai additional factors which should be

considered:

The calculation of IM~~ hypothetical outflow from

stranding, O~ , was developed for freeboard draf t

ships. In a stranding , an excess freeboard ship

of the type considered in this paper will have

significantly higher outflow from a tank of the

same volume as one in a freeboard draft ship. To

take this effect into account , it is necessary to

calculate outflow on the basis that , to achieve

Static equilibrium , the oil will flow out of the

damaged tank until its head equals that of the sea.

Excess freeboard will not affect the calculation of

collision outflow since the entire tank volume is

presumed to be lost.

The calculation of the IMOD Hypothetical outflow (both

Oc and 0~) assumes that the damage will occur at the

“worst” location , tha t is , a bulkhead intersection

where several tanks will be breached. While this type

of severe assumption may be appropriate in the sense

used by IM~X , there appears to be a high probability

that damage will not occur in the most severe location .

I
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It is necessary to consider the consequences of those

accidents where the penetration exceeds the IM~~

damage assumption, particularly for the case of

vertical penetration in double bottom ships.

3. Method of Analysis

L The analysis of this section will be done on an individual ship

basis. Subsection C will present a possible method for performin~j

a similar analysis on the basis of the total number of ships in

the fleet. For the reasons discussed in the previous ‘-uctions ,

- the analysis in this section will be carried beyond the IMOD

• Ii Hypothetical Outflow calculations to include the other factors

• which need to be considered. Each of the three accidents under
- 

considerat ion - strandings, collisions and rastmings - will  be

considered separately since available data does not permit an

- 
evaluation of the relative importance of collisions versus strandings.

• 4. Collision DamaQe

Table 10 presents the IM~~ Hypothetical Outflow calculation

I for each of the 250 ,000 DWT ships. The ships with double sides

(250-C and 250-D) receive a credit in this calculation even though

th, double skin width is less than the IM~~ damage criteria of B/5

or 11.5 a. Line 3 of Table 10 presents the outf low that would

occur in those cases where the inner skin is ruptured . In this

instance , the outflow from the double side ships is considerably

U 



higher than for the single skin ships because of the large “inside”

cargo tanks which can be designed into these ship types (line 2).

As discussed above the IM~0 Hypothetical Outflow calculation I
consIders a damage at the most severe location giving the maximum

outflow for the extent of damage under consideration. This method

can disguise real differences that may exist between different

des igns in the amount of outflow that would occur with an average

or more likely damage location. To determine the relative I
effectiveness of the designs involved an investigation was made

to find average outflow for all possible damage locations in the I
cargo tank length of each ship. By using a range of damage

lengths from 1 meter to 35 meters , it was found that the relative

amounts of outflow from each of the eight 250,000 DWT ships are I
nearly independent of damage length. The results of these calculations

are presented in line 1 of Table 11 for a damage length of 14.5 1
meters .  It  is necessary to credit the double side cases for that

percentage of incidents where the inner skin is not ruptured . The

effectiveness of double sides was evaluated. However , since the I
available data is for tankers considerably smaller than the large

t ankers under consideration here , they were examined both in terms I
of absolute penetration depth in meters , and in terms of penetration

depth related to the breadth of the struck ship. Recognizing that

the  average ship generally has been increasing in size , it is felt I
tha t  the magnitude of penetrat ions will lie somewhere between values

independent of ship size and values which are proportional to ship’s 1
60
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breadth. Using the mean of the values from these two e~ t im.ttes ,

the &oliowing values (‘I t effectiveness have been assumed :

TABLE 12 Double Side Effectiveness

-. Ship Double Side Width Effectiveness in Collision

250-C 3.5m 30%

250-D 6.55 a 55%

This information is given in line 2 of Table 11 where the likelihood

of breaching tanks 1 - effectiveness in collision. It must be

noted that although the likelihood value for single skin ships is

defined as 100% in the context of this table, thsre will stifl be

many collisions in which there are no tanks ruptured , and there is

no pollution. For example, reference 2 indicates that of 338 tanker

collisions that occurred in l969 l970, 76% did not result in

pollution.

Line 4 of Table 11 presents the relative outflow that will occur

in an “average” collision , giving credit for double sides. The

following points appear significant :

• In comparison to the base ship, double sides may reduce

collision outflow significantly.

• Collision outflows for the double bottos only ships (250-Bl ,

II and 250-32) may be essentially the same as for the base

ship.
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I

Existence of staggered ballast wing tank (250 -El and

250-E2) may provide a significant reduction in collision

outflow which is of similar magnitude to that provided

by the double sides of 250-C and 250-D. It should be

noted that use of the IM00 Hypothetical Outflow

Calculation (as shown in line 4 of Table 10) does not

reflect the effectiveness of the staggered baIla-,t wing

tanks.

5. Stranding Damage

As discussed above, the calculation of the IM~~ Hypothetical Outflow

in stranding, ~~~ may be misleading if applied l i t e r a l ly to the

ships considered in this study. Table 13 presents the IM~~

Hypothetical Outflow and also contains a recalculation which considers

the following factors:

To account for the excess freeboard which exists in all

but the base case, a static equilibrium calculatim

has been performed. This assumes that oil will flow

out of damaged tanks until the static head of the oil

remaining in the tank equals that of the sea outside.

To include such factors as tide, current , and ship

rise , the draft of the ship is considered to be

reduced by 2 meters. Figure 5 demonstrates th i s

calculation
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• Although a crude oil of 38° API was used to determine

the cubic requirements for these ships , a heavier

crude of 30.3° API is more typical of the crudes being

carried in large tankers. Since the outflow in a

static equilibrium calculation is dependent on the

specific gravity of the cargo involved , the more typical

value of 3030 API has been used.

• For double bottom ships, when the double bottom is

breached , in addition to the static equilibrium

condition noted above, some portion of the doubl e

bottom space will fill with oil thus reducing outflow.

The determination of what proportion of t h i s  space will

contain oil and what proportion sea water is beyond

the scope of this paper. For purposes of this analysis ,

it has been assumed that 1 meter of the double bottom

space directly below the cargo tanks ruptured will fill

with water . The remaining space is assumed to fill with

oil. For the double skin case (250-C ) credi t has also

been given for that oil which will flow into the empty

side tanks rather  than enter ing the sea . Both the~.c

factors are demonstrated in Figure 5.

When these physical considerations are applied to the Hypothetical

Outflow calculation , the ~ cpected Outflow for damage in the most

severe location is found (line 4, Table 13).

_ _ _  

- 
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I
In considering Table l~~, ~~veral points should be noted :

While the IM~
) Hypothetical Outflow calculation

considers the outflow from the three double bottom

cases (250-Bi , 250—B2 , and 250-C) to be zero there will

certainly be instances when the double bot tom will be

breached.

The expected outflow using the static equilibrium

calculat ion is considerably less than the equivalent

IM~~ Hypothetical Outflow for the freebo~srd draft

ships. As the amount of excess freeboard increases , )
the expected outflow increases significantly. F’or

the deepest ships (250-C , 250-D, and 250-E2) the 1/3

f actor in the IMCO Hypothe t ica l  Outflow ca lcu la t ion

is reached .

Even w i th  the modi f ica t ions  to the IM~0 Hypothet ical O u t f l o w

calc ula t ion  that  were incorporated in the ca lcula t ion  of l ine 4

of Table 13 , it must be remembered tha t line 4 s t i l l  represents

an accident occur r i n g  at the most severe location . ,\—. in th e

case of col l is ions , consid~ r ;~t i o n  of only t h i s  on e damage l ocat i on

may not reveal real d i f fe rences  t h a t  exis t  between the  various

des Iqns .  For t h i s  reason , a calculat ion of the o u t f l o w  f rom an

“aver aqe ” st r an d i n ’  j f l cj d c nt  has been made and i s  presented in

Tabl e 14.
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I
Line 1 of Tabl e 14 is taken directly f r om line 4 o Table 13 and

represents  a real is t ic  estimate of outflow from damage occur r ing

•~t t h e  wors t  location.  As can be seen in Table 11, I h i s  worst

location involves either 3 or 4 cargo tanks . A calculat ion was

performed to estimate in what percentage of strandings less tanks

would be damaged. It was found that outflow in an “averaje”

st r a n d i ng ~~ uld vary from .28 to .33 of the o u t f l o w  for  the most

severe locat ion . These ra t ios  are presented in l ine  2 of Table

14. It was then necessary to estimate as well the effectiveness

a double bottom . Reference 1 and 4 contain data relevant to

this analysis. Based on the following analysis , the effectiveness

ol the three double bottoms is shown in Table 15. Relerence 1

shows that on the average inner bottoms are likely to remain intact

in 43% of stranding accidents. By plotting all 75 stranding

at -cidents in Reference 4 wher~ bottom penetrations are known the

following can be derived:

In 79% of cases , penetrations did not exceed 6.7% of

ship breadth

In 85 5% of cases , penetrations did not excecd 8 5~

of ship breadth

The data also show that while inner bottoms are more

likely to be breached when penetrations are deep , i n

several instances they were breached where penetrations

did not reach double bottom height . Accordingl y, in

orde r to assign par t ia l  credit to deeper double bottoms

an average value was used as follows:
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For designs 250-Bl and 250-C (double bottom equal to h .7% b r e a dt h )

From Average double bottom height analysis 43% e ffec t ive

From Penetration analysis 7~% e f f e c t i v e

Average Value of effectiveness

For design 250-B2 (double bottom equa~ to 8.5% breadth)

From Average double bottom height  ana lysi s  4~~~.

prom Penet ra t ion  anal ysis  ______

A verage Value ~ f E f f ec t i veness 64%

TABLE 15 Double Bottom Effectivene~ s

Ship Double Bottom Heigh t Effectiveness

250-81 3 . 4 5  in 61%

250-82 4.42 m 64%

250-C 3.50 in 61%

These data are presented in line 3 of Table 14 where likelihood

that tank (s) will be breached = 1 - Effectiveness. By apply ing

the factors of lines 2 and 3 to line 1 a so-called “statistical”

outflow is reached which is then converted to a relative outf low

in line 5 wi th  250-A IM~0 as the base case.

The following points appear significant :

• A double bottom can provide a significant reduction in

outflow from stranding. For cases 250-81 and 250-B2 ,

?1



I
there is a reduction of about half when compared to

base. If considered on comparable bases as to segregated

ballast amount and freeboard (250-82 vs. 250-El) the

effect of the double bottom is seen to be more nearly

a 3 to 1 reduction irs stranding outflow. Little

improvement is realized in 250—C because o larger

“inside” tanks and because of increased freeboard

beyond that for 250-Bi and 250-B2.

• Increased freeboard significantly increases outflow

from stranding. Ships 250-D, 250-El, and 250-E2 which

have no double bottom to offset their increased free-

board have outflow increases of from 46% to 147% of

the base ship.

• In determining the effectiveness of the double bottom

ships it has not been possible to include the following

factors:

1. The extent of damage to the inner bottom is likely

to be less than that to the outer skin. This would

mean that in some cases where more than 1 tank is

ruptured in a single bottom ship, fewer tanks may

be ruptured in the double bottom ship.

2. Also , the smaller area of damage should serve to

decrease the rate at which the cargo flows out ,

permitting more tim.e to transfer cargo out of the

damaged tank (s).
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Both of these factors tend to further increase the effectiveness

of the double bottom ships.

6. R amminQS

Rammings will not be analyzed in detail in this section. However ,

they will be considered in Subsection C. For that analysis , it

will be assumed that  the double sides in 250—C and 250-D will, be

100% effective in eliminating pollution from this source.

7. General Discussion

in the beginning of this discussion of accidental pollution it was

noted that there was not sufficient data available to permit

evaluation of the relative magnitude of the outflow from strandinqs

versus collisions. It might appear that such a relationship could

be defined by comparing line 3 of Table 11 with line 4 of Table 14

J since both present outflow from a statistical or average outflow.

However , such a comparison does not appear valid and hence was not

made .

The d i f f i c ul t y  in using these numbers to determine the relative

importance of collisions versus strandings can be seen in the

following:

• Comparing the statistical outflows for ship 250-A

which is typical of many in service today indicates

that an average collision results in 3~ times as much

overflow as an average stranding.
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I
• Data from reference 2 indicates that the frequenc y

of accidents and pollution incidents involving

strandings and collisions is approximately the same.

• If the information from these two items is combined,

it would appear that collisions would account for at

least 3~ times as much outflow as strandings.

However , the small amount of data available on this

subject (referenc e 3) does not support such a

conclusion. Instead, the data of reference 3 indicate

that strandings are a more significant source of

accidental pollution than collision.

In spite of this difficulty, it is believed that the relative

statistical outflow data given in Tables U. and 14 give a valid

comparison of effectiveness between different designs. It is

possible to compare the last lines of these two tables and make

general observations on the overall effectiveness of the various

designs under consideration. However, it must be remembered that

these tables cannot be used to determine the relative magnitude

of outflow from collisions and strandings. If one of these is

far more significant than the other, the relative effectiveness

L for the more significant source obviously predominates .

• The only ship which reduces both stranding and collision

outflow is the double skin ship 250-C. However, the

effec tiveness of the double bottom is to a large extent

negated by the increased freeboard.
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• The double bottom ships (250-B1 and 250-B2) reduce

stranding outflow by half , but have no effect on

collision outflow.

• The staggered ballast tank ships (250-El and 250-E2 )

and the double side only ship (250-D) provide some

reduction in collision outflow but have significantly

greater stranding outflow because of their increased

freeboard.

C. Pollution Effectiveness From Operation and Accidental
Discharges On A Fleetwide Basis

I t  was mentioned earlier in Subsection B that  if data on number

of accidents are multiplied by the IM~~ hypothetical outElows the

product far exceeds gross estimates of accidental discharges on a

total tanker fleet basis. Similarly if numbers of accidents are

multiplied by the statistical outflows presented in Tables 11 and

14 the product again exceeds gross estimates of total outflow.

This is not surprising in that significant numbers of accidents

are known to have occurred in which the outflow was considerably

less than would be predicted by either of the rather severe sets

of assumptions discussed in Subsection B. It is for this reason

that an effort was made, in this section, to look at the total

accidental outflow and apportion it on a per ship basis, to

strandings , collisions and rainmings. In an approximate manner ,

those values then could be further compared with operational

75



I
discharges. A further relation to incremental costs of segregated

ballast designs can be found resulting in some measure of cost

effectiveness. I
It should be clearly understood, however , that these estimates of

overall effectiveness are based on a series of approximations

including:

• Historical estimates of outflows from all accidents I
• New ship projections of outflows from all accidents

• Apportionment of outflows by type of accidents

— historical

- projected to cover new ships

These estimates further highlight the critical need for historical I
data on accidents showing quantities of oil outflow. Study VI

should provide further input. I
Outflow Due to Collisi ons 1 Strandings and Rammings

Recent estimates of tanker oil outflows from all casualties are in I
the range of 100-250,000 tons per year or an average of 175,000

tons corresponding to 200,000 in3 (@ 30°API). That due to I
collis ions , strandings , and ramaings is assumed to be 100 ,000 a3.

• l969-l9~O data (reference 2) show that the number

of collision accidents resulting in pollution I
approximately equals stranding accidents.

I
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• 1969-1970 ICS data (reference 3) on major accidents

show outflow resulting from stranding accidents has

been roughly 10 times as much as outflow from collisions.

• Regarding ramxnings it is felt that they might represent

a significant number of occurrences for small ships,

but for large tankers they would be very small in

terms of quantities of oil outflow, probably less than

1%.

By assuming partial credence to the 10 to 1 strandings to collisions

ratio of reference 3 and considering that IMa~ regulations might

tend to equalize outflows from collisions and strandings , the

following relative outflows were assumed:

Strandings 66%

Collisions 33%

R ailUflings 1%

Theoretical ly a projection of accidental oil outflow from future

shi ps should consider all of the following:

. Total deadweight of all tankers

• Size, average deadweight of each tanker

• Number of tankers

Areas to which tankers of various sizes can trade

• Accident prevention programs such as

“7
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- Personnel training

- Traffic control

- Improved Navigation and Collision Avoidance aids

Being unable to presently weigh the importance of each of the

above, an extrapolation cover ing simply the increase in total

deadweight was developed as follows:

1970 _l980

Tanker Requirements T-2 equivalents 10,500 22,000

New Contracts
1970 Fleet Under Contrac t for 1980 or

After Obsolescence or Constr. now Earlier Del’y

Make up of 1980 3requirements in T2
equivalents 7000 6000 9000

Assume requirements
for persistent oil. 90%
of above 6300 5400 8100

The above indicates there are requirements for 8100 T2 equivalents

to be contracted for and delivered between now and 1980. From the

other assumptions above annual oil outflow due to strandings , 3
collisions and raamings, from these 8100 T2 equivalents , would be:

100 ,000 in3 (1970 outflow) x 8100(new T2 equiv.) 7700010500(1970 T2 equiv.) m

8100 T2 equivalents correspond to approximately

8100 (T2) x 16600 (T2 DW’fl x 14.6 Kts (TVI 490 2250 ,000 (DWT ) x 16.0 Kts (25OMDWT ) 
- 

— ~~~~~~~~~~~ 5OMDWT

oil outflow/250-AJyear = 77000 = 157 Cu. a.
490
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Apportioning these 157 cubic meters in accordance with the 66%,

33%, 1% earl ier  assumption , the out f low for a 250-A type ship

would be:

Annual Outf low
Typ ical 250-A

St randings 0.66 x 157 in3 103 m 3

Collisions 0.33 x 157 m3 52

Rammings 0.01 x 157 in
3 2

TOTAL 157 m3

Using the relative statistical outflows for each accident , shown

in l ine  4 of Tables 11 and l ine 5 of 14 presented earlier , and

the vol umes of outflows for a 250-A shown above , the f i r s t  3 lines

of Table 16 were developed showing possible outflows apportioned

on a per ship basis. As an example the 43 cubic meters value shown

in line 1 for 250-Bl was derived by multiplying:

( 103 in3 above) x ( 54% for 250-B1)/(129% for 250-A) 43 m3
Table 14 ) ( Table 14 )

Line 4 shows total out flow due to accidents on a per ship per year

basis. By subtract ing total outf low of each design from the base

case 250 lMcO , the effectiveness of each design is derived in terms

of p reven t ing  oil outflow compared to the base case , as shown in

line 5. From Table 5 in Section IV , differences of total ann ual

cost s over base case have been calculated and are shown in line 6.

Line 7 ( l i ne  6 thvided by line 5) presents a measure of cost effec-

tiveness for the various designs in reducing oil outflow from
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accidents. It is expressed in $ per year of preventing the discharge

of an additional cubic meters of oil in accidents. It should be

considered of course in conjunction with the total quantity of

outflow prevented (line 5).

The following become apparent from Table 16:

• A 25-35% reduction in accidental outflow is shown by

double bottom designs 250-Bi and 250-B2 and double

skin design 250-C; the maximum reduction is shown by

double bottom design 250-82.

• On the basis of equal segregated ballast capability

(45% of fu l l  load displacement) Table 16 shows a 50%

reduction in outf low is achieved by the double bottom

designs as contrasted to the single skins (comparison

of designs 250-B2 with 250-El).

The double side and both single skin designs 250-D,

250-El and 250-E2 shows significant increases in

accidental outflows over the base case 250 IMOD

design. Since all three designs are also more costly

to build , these are not cost effective for the accidents

considered.

• Design 250-81 shows the least incremental cost to

reduce accidental discharges , while design 250-B2

81
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I
shows a 20% hiahcr cost per ton with  a l ikely

capability to reduce oil outflow by an additional

20-25% over the 250-Bi design.

Although double skin design 250-C can also reduce oil

outflow (about 25% less than 250—81), it costs about

3-4 times as much to save a cubic meter of outflow ,

as does the 250-lU and 25O-B2 designs.

I
t ) i l  Outf low from Operational Discharges

~~i1 outf lows from operational discharges on a per ship,  per voyage

bas is , were discussed and presented earlier in Table 9. By

assuming 7 voyages per year as a typical 25OMDWF voyage (a mixture

of mostly long voyages with some short ones) operational discharges

were converted on a per ship per year basis and are also shown in

Tables 17 an’~ 18.

Overall Assessment of Outflow from Accidents and Operations

Having converted the discharges from normal operations on a per

ship per year basis as described above, Tables 17 and 18 combine

outf~ows from accidents and normal operations for 45% and 60%

ballast operations respectively. These tables , similar in format

to previous Table 16, show in line 4 the decrease in outflow over

base case 250-A IMCO design due to normal operations and accidents.

~.ine 
(~ shows the cost/per year of preventing an additional discharge

of 1 cubic meter of oil.
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-rhe fo l lowing can be observed f rom Tables 17 and 18:

A 2-3 fold reduction i n  oil outf low from accidents and

operations is shown as possible by double bottom designs

250-lU, 250-B2 and double skin design 250-C, line 3 of

both tables.

On the basis of equal segregated ballast capabi l i ty

a better than 40% reduct ion in out f low is l ikely to

occur with double bottom designs as contras ted to

s ingle  skin designs (comparison of 250—B2 with 250-El).

Examination of l ine -.hows the lowest cost of savir~~

1 cubic meter of o i l  ou t f l ow i s  likel y to be achieved

by the double bottom designs.

• Double skin  design 250-C appears capable of saving aboui

the same oil o u t f l o w  as the double bottom designs but at

twice the cost.

• Single skin designs show smaller likely reductions in

oil  o u t f l o w , but ~t cos ts  per ton that  are about twice

those  for the double bot tom desi gns.

• The double side Uesign (250-D) , at the 45% ballast

displacement , actually shows an in crease in outflow

w i t h  increasing Cost ( it  shows somewhat be t te r  performance

at a (~J’~ bal last  displacement) .
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In  looking at these numbers the following must  especially be born

i n  mind:

• The cost effectiveness of accidental outflows shown

above are the result of one set of assumptions in

regard to extrapolation to future accidental outflows.

For this reason a sensitivity study was conducted as

described below.

Sensitivity to Outflow Assumption

The to ta l  annual outflows estimated in the preceding section were

‘i n c  ‘&-sult of many assumptions already discussed. One of the more

rit .cal assumptions affecting the relative performance of each

K’sign in abating pollution were the relative outflows assumed

, Ir ,i& -andings , collisions and rammings. These were tb%, 33% and

1% respectively. To provide a broader base for evaluating the

impac t of this assumption similar outflow, calculations were

,~ ‘r 1ormed for both ballast modes and extreme relationships among

—.trandings , collisions and ramaings. The sensiti’~~ty study assumed

rat ios  of 90% strandings , 9% collisions and 1% rami~iny as one

xtreme and 22% strandings , 77% collisions and 1% rammin m as

•.,I(,t~-c (-r . These extremes were arrived at by assuair5g the admit tedly

-~;.tr~ o sample of data in reference 3 showing the 10 to I ratio

between stranding and collision outflows was correct; and alterna-

tively the 3’,~ to I ratio between collision — id stranding outflows

indicated by Tables 11. and 14 was valid. Again it should be stressed
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that neither of these extremes are considered correc t and the very

divergence points up to the pressing need for a wider and more

reliable statistical data base.

On tho basis of these assumptions fleetwide oil outflow estimates

from operational and accidental discharges were made similar to

those of Tables 17 and 18. Figure 6 shows the average annual

outf low for each design on the 250 ser ies for the 60% ballasted

displacement operating mode . From this f igure the fol lowing trends

ca n be observed :

• The double skin design (250 —C) has the lowest average

annual outflow over the entire range of stranding!

coll ision ra t ios .

• Double bottom designs exhibit a trend toward decreasing

outflow as strandings become dominant. Even when

collisions predominate (3½ to 1) the poorest double

bottom design (250-Bi ) has only 23% more outflow than

the best non-double bottom alternative. At a 3’2 to 1

outflow ratio with strandings predominating the double

bottom design has over 45% less outflow than the best

single bottom version. The break even point lies

between 33% and 40% of the total accidental outflow

due to stranding.

• The double side design (250-D) has a very high slope

which indicates it has greater outflow than the base
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ship when the stranding/total outflow ratio exceeds

80%. It does not become superior to the double bottom I
ships unless the rat io of stranding’; to total ou t f low

1.3 less than 30%

Double bottom designs have lower outflows over the

larger range of possible ratios between strandings

and collisions.

Consideration of the 45% ballast operations as shown in f i gure 7

does not change trends exhibited on f igure 6 but improves the

effectiveness of both designs developed for 45% operations (2~~~-B2

and 250-El). This figure would indicate that:

250-B2 is the most effective design in limitiny tolal

outflow when the stranding/total. outflow ratio exceeus

47%.

250—C has the lowest average annual outf low over the

entire range of stranding/collision rat ios w i t h  the

single exception noted in the preceding item.

On balance 250-El is an effective as 250-E2, being

more effective when stranding outflow exceeds 50%

of the total and otherwise less effective.

It should be emphasized that the double side design (250-C) has been

designed for a 60% segregated ballast displacement. Such a con-

figuration cannot be developed for 45% without severely reducing

the effectiveness of either the double skin or double bottom since

90
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the non-cargo carrying volumes must be kept similar to 25u- ,

as designed , for adequate protection. This protection inherently

provides about 60% displacement.

Since absolute outflows can only be of interest if something is

known relat ive to the acceptable limits of oil in the sea or if

the f inancial  resources to l imit outflow are boundlc~~s , a similar

set of curves for cost effectiveness (figures 8 and 
~~ ) were

developed.

Figure 8 for the 60% ballast displacement cases lends i t— ~elf to

the following observations:

. The B/l 5 double bottom design (250-LU ) is the most

cost effective over the major portion of the range of

stranding outflows ( i .e . ,  stranding outf lows exceeding

22% of the total accidental ou t f low) .

• All versions are relatively close to one another for a

collision to stranding ratio of 3’2 to 1.

• The sharp upward curvature exhibited by the single

bottom ships (250-D , 250-El and 250-82) causes them

to diverge rapidly from comparability with double

bottom ships as the percentage outflow due to stranding

increases.
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• The double skin ships (250 -C) cost effectiveness is

relatively insensitive to variations in stranding

versus collision outflows.

I
A similar plot (figure 9) for the 45% ballast mode shows similar

trends but with the performance of the 60% ballast displacement

designs degraded (250-C , 250-D and 250-82) and those designs for

lower ballast amounts showing improvement. Specifically, the

following trends are evident:

250-B2 is nearly as cost effective as 250-El.

• The conventional 45% ballast configuration , 2~~)-El ,

is most cost effective when stranding outflows are

less than 34% of the total .

• As in the 60% mode, single bottom ships diver ge rapidl y

from double bottom designs as stranding outflow increases.

in conclusion a word of guidance concerning the application of the

foregoing analysis is in order.

The relative costs in saving oil outflow from operational

pollution must still be compared on equal bases with

alternative measures , notably those being studied by

1MW studies II, III , IV and V in frame of reference

set by 1MW study VI.
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• Due consideration should be given to alternate means

of preventing accidents already mentioned, i.e.,

personnel training, t raff ic  control , improved collision

avoidance and navigation aids.- L

L
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SECTION VI OTHER OPERATIONAL FACTORS

This section discusses other operational factors which should be

considered in evaluating segregated ballast tankers , but which I
have not been examined in sufficient detail to reach precise

conclusions. I
A. Effect Of Increased Freeboard On Shore Facilities

As shown in Table 19 , each of the segregated ballast design s has I
a s ignif icant  increase in freeboard over the base case, ranging

from 42 to 115 percent. I
in ballast , the percent increase is less, but for any ballast

displacement the absolute increase in freeboard is the same as in -

full load. Because of the lighter displacement and a’ready large

~ai1 area (above water profile), the ballast condition may well be I
the critical case.

1
This increase in freeboard will affect shore facilities in several

areas. The loading/discharge arms presently designed to accommodate

ships of conventional freeboard may require modifications in order I
t n  be able to receive segregated ballast ships. The increased

freeboard may also necessitate modifications to the mooring arrange-

ments , both because of the changed lead angles involved and because

1)1 the increased windage that will result from the increased sail

area. I
96 1
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TABLE 19 Increase in Freeboard - Full Load

Increase Over
Base Case

Ship Freeboard (m)  ru 
____

120-A 4.9 Base Base

120-C 9.5 4.6 94%

250-A 5.8 Base Base

250-Bl 8.2 2.4 42%

250-82 9.8 4.0 68%

250-C 12.5 6.7 116%

250-D 11.9 6.1 105%

250-El 9.2 3.4 58%

250-82 11.9 6.1 105%

500-A 7.2 Base Base

500-El 12.6 4.7 59% 

- --—---—---- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _



It is expected that these modifications would increase the cost of

the  shore facil i t ies somewhat. In order to quant i fy  t h i s  amount

i t  would be necessary to investigate the individual shore f ac i l i t i e s

involved since there can be s ignif icant  differences among the

facilities.

I
B. Effect Of Increased Freeboard On Ship Controllability

The increase in sail area that results from the increased freeboard

can be expected to have a significant effect on ship control1 d~~1ity ,

particularly in wind at low ship speeds as occurs in harbor and

docking s i tua t ions .  This could require the avai labi l i ty  of increa- - --

control  forces either in the form of ship mounted devices such as

lateral  thrus ters  or as additional tugs .

I
C. Other Factors

The use of double bottom tanks for segregated ballast may resel l

in muck buildup in these ta~iks which would be d i f f i c u l t  to clean.

98

- — --_________________________________________



REFERENCES

1. 1MW DE V/3, London , 8 May 1970

2. J. D. Porricelli , V. F. Keith , and R. L. Storch , “Tankers
and the Ecology,” Trans. SNAME , vol. 79

3. International Chamber of Sh ipping , Report submitted to
1MW Subcommittee DE , February,  1971

4. 1MW DE/27, London , 6 May 1970

5. “Operational Research and Cost Benefit Analysis on Navigation
with Particular Reference to Marine Accidents”, Journal of the
Institute of Navigation , vol. 23, No. 3, July, 1970

99



t : } ~T -aN ~ j~’-~ A

SHIP DATA TABLES

I
I ~

/ ~b



TABLE A—i Principal Characteristics

Design LBP Beam Depth Draf t SHP Speed
meters meters meters meters knots

120-A 259.1 L~2.1 20.7 15.8 26 ,000 16.2

259.1 t~2.1 26.2 15.8 26 ,000 16.2

~50-A 330.7 51.8 25.6 19.9 32,000 16.0

250-A IMGO 330.7 51.8 25.6 19.9 32 ,000 16.°

250-Bi 330.7 51.8 28.0 19.9 32 ,000 16.0

330.7 51.8 29.6 19.9 32 ,000 16.0

~~O-C 330.7 51.8 32.2 19.9 32 ,000 16.0

250-D 330.7 51.8 31.7 19.9 32,000 16.0

250-El 330.7 51.8 29.0 19.9 32 ,000 16.0

2~ 2-E2 330.7 51.8 31.7 19.9 32 ,000 16.0

500-A 360.0 62.0 36.0 28.0 I~5,ooo 114.6

500-El 360.0 62.0 1~0.7 28.0 ILS, 000 1L~.6

H 
4
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TABLE A—2 Capacities

Segregated
1~ adi~ jght Cango 011 Segrsgate t Ballast Ballast
Long Tons in3 (100% ) Long Tone S.W. (100% ) % of DW1~

12L~,379 151,000 2L~,200 19.5

~ >1-C 116,383 152 ,000 68,000 58.4

‘ -A 2I~9,360 312,000 142 ,000 16.0
-

~~ IMCO 2148,990 312,000 1~0,000 16 .1

- - -~1 21414,216 307 ,000 72 ,500 29.b

2L3,070 310,000 99,700 41.0

237,508 312,000 132,200 55.8

2L41,2M8 312,000 133,600 55.4

—El 2146,711 311,000 93,L~00 37.8

2141,876 316,000 132,900 55.0

11714,062 585,000 75,500 15.9

~~~~ -~~~ 1463~ 26L4 58141ooo 170,000 3 6. 7

:T~ -ig n Displacen~nt
long Tons
1115,270

286 ,600

500 539 ,1400

H
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TABLE A-3 L.iaht ShiP Wsiaht in Tone

• Design Ordinary H.T. S. Type Outfit Machinery Margin Light
Strength St~e1 AH & BE 3% Ship

120-A 11,699 5, 273 2 ,196 1,115 608 20 ,891

120-C 22,275 2,1714 2,1467 1,130 8141 28 ,887

250-A 20,520 - 
10,880 3,59 5 1,160 1,085 37,~ Lj~

250-A ThW0 20,779 10,880 3,696 1,1-60 1,095 37,610

250—Bi 28 ,360 8,230 3,1400 1,160 1,2 314 117 ,3811

250-B2 29 ,586 7,9 147 3,5146 1,183 1,268 113,530

250-C 35,919 6,682 3,863 1,198 1,1130 119,092

250-B 29,8814 9,116 3,7914 1,198 1,320 145,312

250-El 214,309 9,142 14 3,811 1,183 1,162 39 ,889

r 250 E2 30,037 8,361 3,8140 1,183 1,303 1411,7711

500-A 145,039 11,883 5,013 1,500 1,903 65,338

500-K]. 56,013 11,066 5,289 1,550 2,218 76,136
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TABLE A-4 Longitudinal Strength Summary

I
t~ sign Condition of Maximum Bending Moment Shear For~-

Bending Moment foot-tons ton.

120-A 60% ballast 1498 ,000 11,200

60% ballast 721,000 11,200 1
250-A 100% 2,152,000 11,t~00 I
250-A IMCO 100% 2,152,000 Ll ,~.

250-Bl 100% 2,117,000 11,300 I
250-B2 115% ballast 2 ,l30~ 000 13,700

115% ballast 1,882,000 11,200

100% 2,009 ,000 9 ,3u1

60% ballast 2,035,000 15,2~ct

250—E2 60% ballast 1,965,000 li ,91 -

100% 3,179,000 19,X~ I
500-El 100% 2,616,000 11.1,800
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TAB’~E A- 5 Dazaaie Stab i1it~ Sw~~~ry

Design Depth Available Required 3~
ft .  (m. ) GM—ft. (m. ) to limit heel

• full load to 15°—ft . (m . )

120—C 86.0 (25.2) 18.6 (5 .7)  8.3 (2 .5 )

250—A 84.0 (25.6) 27.1 (8.3) 11.2 (3 . !,)

250—B2 97.0 (29.6) 14.2 (~1.3) 6.9 (2.1 )

253—C 106.0 (32.3) 10.5 (3 .2) 15.3*(L ~..7 )

250—D 104.0 (31.7) 15.7 (4 . 8)  15.4 (i~.7)

250—E2 104.0 (31.7) 16.4 (5.0) 8.1 (2 . 5 )

500—El 133.5 (40.7)  16.6 (5.1) 6.2 (i. )

* A GM of 9.3 feet (2.8 rn .)  limits heel to 21.7° which is less than the
23.30 necessary to iinerse the deck edge. This design was therefore
deeine i satisfactory, since it does not i~~~rse the deck edge.

- 

I

II
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I 
ITABLE A—ô Total Internal Tankage Area Requiring Special Coat i ng

Area Aro~Design In’~ f t ?

79,800 9~~9 ,r~~O I
L O-C 107,1400 1 ,156,000

95,700 1 ,u30 ,

~ — A  ThtC0 111 ,500 1 , : >~ ,n - > I118 ,100 1 ,7~’ i ~~~~~~

~ -B2 140,000 1 ,5c~’, , u I
166,700 1 ,79)4,000

25o-D 171j ,lioo 1 ,877 ,000

142,400 1 ,c~~,ooo I250-E2 160,900 1 ,73 2,000

I500-A 142,1400

500-El 206,000 2 ,2 1 7 ,00n

I
I
I

I
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Operational Factors

A. Increased Pumpout

Double bottom ships receive a credit for increased pumpout as follows :

120—C 675 tons per voyage

250—Bi , 2 50—B2 , 250 C 1100 tons per voyage

B. Fast er Pumpout

All double bottom ships have port time per round trip decreased

by 2 hours

C. Be rthing Costs

Delays are assumed to be a function of freeboard in loaded condition .

Also , it is assumed that the ship with the greatest freeboard

encounters a delay of 4—1/2 hours once in 10 t r I n s

Hours Delay/lO Trip~

250—A IMCO 0.0

250—Bi 1.6

250—B2 2 . 7

250—C 4.5

250—B 4.1

250—B]. 2 . 3

2 50—E2 4 . 2

120—A 0.0

120—C 4.5

500 —A 0.0

500—El 2.3

109
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D. Reduced Tank Cleaning

1. Clean ing for Ballast

Assume base ships clean 1/3 of vessel each t r ip

(33 man— day s/voy . for  250 —A IMCO

2 .  Cleaning between Drydock ings

Each complete cleaning requires ——
100 man—days for 250 class

75 “ “ 120

150 “ “ 500

Assuming 8 t r i ps between drydockings for the long voyage .

this would mean 2 complete cleanings for single bo t tom

vessels , m inus t’iose tanks cleaned for ballast. For double

bottom vessels , once between d.d.

Version # Complete cleanings x man—days # Man—d vs

250 — IMCO 2 ( 1 — 1/3) x 100 man—days 133
2 50— A 2 ( 1 — 1/3) x “ “ 133

81 1(1 — 1/4) x “ “ 75
B2 1(1 — 1/l0)x “ “ 90
C 1(1 — 0) x “ “ 100
D 2(1 — 0) x “ “ 200
El 2(1 — l/lO)x “ “ 180
E2 2( 1 — 0) x “ “ 200
F 1(1 — 0) x ‘ “ 100

120—A 2(1 — 1/3) x 75 100
120—C 1(1 — 0) x “ 75

500—A 2 ( 1 — 1/3) x 150 200
500—El 2(1 — 0) x “ 300

3. Clean ing  for  Dry docki ng

Assume : 1 day of cleaning = 10 man—days

25 0 class doub le bottom vessels save 2 davs *

250 class doub le  skin  vessels save 2 — 1 / 2  davs*

.~ labor savin&s only and is not reflected in an incr .- .~st - i f l  s t i l t

ope r a t i n g  t i r ’ ” . See Subsection IV D,Sensitlvitles , for effect of chang1n~ope r a t i n g  days .

h o
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II Maintenance and Repair

The basic maintenance and repair costs given in Table 1

are varied to accoun t for  changes in the annual tank coating maintenance

cost which is considered to be a function of the total coated area on

each desig n o r :

= (Area repaired per year) x (Cost per unit area)

— .025 x To t al Coated Area x $1 .25/ f t 2

Version Area M&R Cost $ I n creme n tal Cost S

250—A 1,030,197 32,194
2 50 -A IMC O 1, 199 ,919 37 ,494 5 , 303
250—Bi 1,271,087 39,721 7 ,528
250—82 1,507,327 47 ,104 14 ,910
250—C 1,793,857 56,058 23,864
250—D 1,877,007 58,656 26 ,463
250—El 1,533,329 47,917 15,723
250—E2 1,731 ,773 54 ,118 21 ,925

120—A 858,649 26,823
120—C 1,156,160 36,130 9,297

500—A 1,533,196 47 ,912
500—El 2,217 ,289 69,290 ~l ,377

III Port Charges

Ass ump t ions

1. Port Charges are assumed to be a function of gross

tonnage

2. For the vessels in this study , gross tonnage is a

func t ion of depth

Version Dep~th Po rt Charges

250—A , 250—A TMCO 84 f t .  51,000
81 92 56,000
82 97 58,900
C 106 64,400
D 104 63,100

ill
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Vern on Dep th Port charges

250—El 95 ft. 57,700
E2 - 104 63 ,100

120—A 1 68 24,000
86 30 ,400

500—A 118 98 ,000
El 133.5 110 ,900

Added costs incurred because of larger sail areas (primarily tug costs) have

not been quantified. However, the assumption that GRT is a linear function

of depth penalizes the deeper vessels and, at least in part , compensates for

the added costs which are too uncertain to be reasonably es t imated .

IV Insurance

Insurance cost is determined through the use of the fol lowing

equat ion :

Premium = 0.905 ((F1xDwt) + F2x (Capital  Cost) + F3) + F4

where:

120 Series 250 Series 500 Series

Fl 3.55 4.480 5.480

F2 .00629375 .007725 .007725

F 3 —59 ,000 —2 25 ,000 —575 ,000

F4 2,000 10,000 10.000

Version Premium (M$)

250—A IMC() 1079.4
A 1078.9
B]. 1076.9
B2 1078.5
C 1079.0
D 1077.5
E1 1081.1
E2 1078.5

120—A 463 .3
C 463.7

500—A 2295.1
El 2282.1
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It should be noted that use of this equation indicates little

difference in premium among the various designs in each series . This occurs

since the major portion of the premium is to provide coverage against partial

loss to the ship and this is a function of deadweight rather than capital cost.

Since the alternatives to the base case have lower deadweight than the base

case ships, they will have a lower premium for protection against partial

loss. This factor weighs against the increased premium for protection for

total loss which is a function of initial capital cost.

W’.ile this formula is considered representative of present

practice , it is expected that if segregated ballast ships , particularly w:th

such features as double skins, etc. come into general use, their insurance

premiums will depend more strongly on capital cost and less on deadweight

than is shown in this study.
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ANNEX III

AN ANALYSIS OF OIL OUTFLOW

DUE TO TANKER ACCIDENTS

Su1~nitted to the

IMCO Subconinittee on Ship Design and Equiçelent

and the

IMCO Subcommittee on Marine Pollution

in

November 1972
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Executive Summary

This note presents an analysis of the reported and estimated amounts of

oil that enter the world ’s hydrological system each year as a result of

tanker casualties . (It does not consider such tanker related pollution

sources as burst hoses , leaky valves , tank overflows , e tc .) .  This

analysis is primarily based upon data for the years 1969 and 1970,

together dth a limited comparison with available da ta f rom other years

to ensure the genera l validity of the two—year data .

The data considers the 1,416 tanker casualties and 266 tanker polluting

incidents known to have occurred in 1969 and 1970 to the approximately

6,000 tankers of 100 GRT and over then in operation. Actual outf low data

was gathered on 47 percent of the 266 tanker polluting incidents known

to have occurred in the two—year period . The outflow from the remaining

incidents was calculated by assuming thai to be non—catastrophic and then

averaging the magnitude of outflows for  each of the types of casualties with

known outflows of 500 long tons or less.

The principal f indings of the ana lyses are;

every tanker on the average is likely to be involved in an

accident once every nine year s during its lifetime;

approximately one out of every six of these casualties (133 per year )

is likely to result in a polluting incident; or one out of three

tankers is likely to be involved in a polluting incident during its

20 year life;

iv
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• the average annual outflow trom all tanker casualties is

approximately 218,000 metric tons;

I . approximately 12 percent of the polluting incidents account

i for three quarters of the total outflow. This 12 percent is

comprised of structural failures , groundings , and explosions

I involving the total loss of the tanker . An important conclusion

to draw from here is that incidents involving the total loss of

I the tanker have a distinct effect upon the analysis;

the single largest type of tanker casualty in causing pollution

is structural tailures. Ten structural failures involving

tankers with an averag e age of 17 years and an average size at

27 ,443 DWT , resulted in the total loss of the vessel and 48 percent

I of the total outf low in 1969 and 1970;

the next largest type of tanker casualty in causing pollution is

groundings. Outflows from groundings exceed those from collisions

- by a factor of 4 .25.  Thj~ is with an equal frequency of occurrenc e

of either type of casualty. Groundings accounted for 29 percent

of the total outf low in 1969 and 1970;

there is no clear indication that there is any relationship among

tanker size, casualty f req uency and oil ou t f low magnitud e other

than in the cage of explosions on very large tankers;

• certain flags of registry appear to need higher levels of standards

and maintenance; and , -

V
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analysis of tanker pollution data by counting numbers of incidents

only, without recourse to the amount ot outflow, can be misleading.
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INTRODUCT ION

The concern over pollution of the seas by oil has resulted in the development

of numerous proposals for reducing the amount of oil entering the oceans.

To evaluate the relative merits of these proposals requires data on the costs

involved and their effectiveness in eliminating or mitigating oil spillage.

In turn , the determination of this effectiveness requires data on the amounts

of oil now entering the sea from the particular source under consideration .

I
This paper presents an analysis of the amount of oil enter ing the sea as a

result of world—wide tanker casualties (it does not consider such tanker

related pollution sources as burst hoses, leaky valves , tank overflows. etc.).

The analysis is primarily based upon data for calendar years 1969 and 1970,

together with a limited comparison with available data from other years to

ensure the general validity of the two—year data .

The paper attempts to determine how much oil enters the sea, both on a total

basis and for each of the individual types of casualty, such as grounding,

collision, structural failure, etc. As such , these data can form a basis tor

evaluating many of the various proposals for reducing oil outflows trom tanker

casualties.

The paper will present and analyze;

total annual tanker casualty outflow;

• d i s t r ibut ion  of total annual tanker casualty outflow by location ;

distribution of total annual tanker casualty outtlow by ship size ; and ,

• distribution of total annual tanker casualty outflow by ship 
age.1
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Dati and )4sthod~of AOS1YS3s

Within the peat two years, s.veral estiaats. at oil pollution tros tanker

casualties have bssn pr.sented (l ,2,3,4J~ . fleas vary tros approzixately

50,000 long taos p.r year for .11 tankers grUt.r than 7 ,000 DVI’ (4] to

250,000 wstric tons p.r year far all t$ib.rs (3~. One at the other source.

cites a f igure of 100,000 loss toná per year for all types of ships [23 .

Apart tros this large variance in ranges , only one source has att pt.d to

assess the contribution of the dittsrent types of casualties to the total

outtlovj 4] .

Reference 3 identif ied a total of 1,416 tank.r , caaualties that occurred in

calendar years 1969 and 1970. The data further i*dicat.d that sose pollution

occurred ix at least 269 of these incidents. Two-hundred and sixty-six

of these incidents have forasd the basis for this analysis . To dste.wiss

the asount of oil outflow related to each of thee. incidents the following

s~~~cas were used:

• Ister l data on oil ~~~~an7 owned and chartered tankers involved in

polluting incidents during 1969 and 1970;

• Published data ithich provided details of individual inc idents (5 ,6, 7]; and ,

• Nesspapers, asgasines, etc • tot detai 1~’ of particular data .

In 110 of the thcid ~nta, actual out f low data wss tabulated includi ng 47 *ich

r.cotded as a(nlaal outf lows and are shown as 1 long ton for cc~~utation

purposes . Is 14 insta nces, available data ~~vs a description of daaage but not

oil ostt low; hers, en sstla ats of the ofi outf low wss asde based on the denage

1 ~wsber s in brackets designate rster.ncss at end of paper .

‘I
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Table 1. Sensitivity of Calculated Outflow to Averaging Technique

Typ. of Calculated Outf low Calculated Outfl ow
Incident Usin& 500T or Less Usia b OOT or Less

I lreakdovn 25T

Collision 102T 225T

I Explosion

I )ir e 76T 36GT

Grounding 90T l93T

P 1 Reseing 1ST

Structural )ailur e 40T 40T

I Others 213T 2l3T

Total Ca lculated Outflow 10,457T 19,485T

I
. 1

I I
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* 
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description and cargo condition . Where a fully loaded taukar sank, a

reported outflow equal to the vessel’s cargo capacity was recorded ; where I
a tanker in ballast sank, an estiaate d outf low equal to the vessel’s bunker

capacity was recorded .

In the r aining 142 incidents where neither outflow data nor sufficient

danage details were avai lable, it was ass~ned that none of these incidents

were greater than 500 long tons . It then tollowsd for any one given type

at casualty (e.g. groundings , collisions , etc.) it one took the average known I
outflow for all incidents within that type of casualty of 500 tons or less ,

these could then be assigned to the r aining 142 incident s on a casualty II
tppe basis.

Table I. depicts the calculated values for outflows based on using ; (1) all

known incident, of 500 tons or less; and (2) all known incidents at 1,000 tons

or less . I
In teras of the total outflow over the two—year period in the 500 ton case , -

this gave 430,720 long tons where as the 1,000 ton case gave a total of 439 ,748

long tons . Overall then, it can be said that the total outflow is insensitive I
to the averagi ng technique. In tact it .11 142 calculated outflows are

reduced to zero the total outfl ow is 420,263 long tons . Pot the purposes of I
analysi s, however , the 500 ton case f igure. will be ploy.d throughout this
paper . Table 2 depicts the total oil outflow spect rue on a casualty type basis. 

~~~
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Tab le 2. 1969—1970 Tanker Polluting Incident Prequency and Outf low Magnitude

as a Punction of Type of Casualty and the Msthod of Detersining the
Anount of Outf low

I
Type at
Casualty _!~~2~~~ ._~ ~~~~~~~ .J1S1~~... Calculate4~~ Total

~~; I
Breakdown l6,350(1)~ 0(0) 0(0) 50(2) 16,400(3)

Collision 16,116(17) 13,348(5) 13(13) 4,794(47) 34,278(82)

Explosion 15,524(3) 18,300(3) 6(6) 216(3) 34,066(15)

lire 2,154(3) 1,250(1) 3(3) 912(12) 4,319(19)

G rounding 119,906(22) 1,400(2) 16(16) 2 ,700(30) 124,022(70)

R i n g  2,800(3) 1,600(1) 5(5) 252(14) 4,657 (23)

Structural Pailure 206,353(13) 4,490(1) 4(4) 1,320(33) 212,367(51)

Other 400(1) 25(1) 0(0) 213(1) 638(3)

Colown Totals 379,803(63) 40,413(14) 47(47) 10,457(142) 430,72O(266)~

2 Based on averaging known incidents of 500 toss or less.

3 Incident was a aechanical breakdown idtich led to a subsequent grounding and
eventual break-up of the t~~lb.r.

~ Equivalent to 437,612 aetric tons of outflow in the two-year p riod.

5

_________  — —---—-----—---- ------- ------——- -—---- —-———



Ref erenc e 3 cospiled data on 1,416 worl dwide tanke r casualties which

resulted in 266 established pollut ing incidents . The par aseters exani ned

duri ng this casualt y analysis inc lude ; The tanker ’s nsa., country of

registry, tonnage , year built, cargo condition , type and date of casua lty,

degree of dszage, anount of oil out flow ,ths aetbod of deter aing that outt low,

and gec.rap hical location with a detaile d area of the casualty .

The casual ty type. are : Iroundings, collisions , (ship to ship casualty) ,

rs ings (ship to object casualty) , fires, explosiona, structura l failu res

(including heavy weather dasage) , aechanical breakdowns, and the group terned

“other casualties”. The “other casualties” include tanker capsizings and a

tanker sinking at the pier due to a f suit , valve and the subsequent flood ing

of the esgineroos. When the initial casualty led to a second , such as a

aechanical breakdown resulting in a subsequent grounding, only the initial

casualty was counted asong the total casua lties .

— J
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• Analysis by Tyne of Incident

As shown in Table 2 and ligures 1 and 2, an analysis conducted solely on

inc ident frequency basis can be nidleading it the attendan t outflows are

not sisulta neously considered . b r  ezeaple, it one cosputes the ratio of

nowber of grou ndings to nueber of collisions , a f igure of 0.85 is established .

- 
On the other hand , the ratio of oil outflow f rca groundings to collisions I.

t 1 
3.62. These da t. say that the probability of being involved in a collision

is approz iastely 16 percent higher than that of being involved in a grounding.

The average oil outflow of the 70 grounding. is so.. 1,772 long tons; whereas,

the average oil outflow of the 82 collisiona is 418 long tons. Conparing

~ I these average cosputed oil outf lows, shows the average grounding outflow 4 25

tines greater than the average collision outflow. Recognizing that this is

contrary to the Intergoverneental Mariti.e Consultative Orgafli zation (DICO)

I I hypothetica l outflows at 4 and 3 to 1 in f avor of collisions , the following

factors which substantiate the ratio deduced in this paper should be noted :

~~~. . Except f or scue rather enall tanker s, no collisions resulted in the

total loss of a loaded vessel. Such was not the case with groundiugs;

f ive tankers which grounded subsequently broke up and sunk with a

~ I tota l outf low of 78 ,109 tons.6

~ Includes case 037 which was a aechanical breakdo wn leading to a subsequent

t I grounding and bre.k-up.
6 

~~ ons discounts theea incidents since they are independent of tank si’.
th. ratio of outf lows f rau grounding, to collisions is 2.88.

~~

.. I
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Many of the groundi ng. involved a aultiplic ity of tanks (not necessarily

consectutiv e thou gh) . lot ezsaple, in one instance a grounded tanker

ruptured port wing tanks nunber 1, 3, 5, 6, 7 , and 9. ]
Table 3 dep icts the cargo dondition at the 151 groundi ng and collision ’

polluting incidents.

In the knovn conditions , 83.9 percent of the collision incidents were in the

loaded condition while 79 percent of I~. ground ing inc idents involved a loaded I
tank er . This says tha t while there are acre collisions involving a loaded

tanker than for groundings, the total and “per incident” outflows iron groundiags .1
exceed those tron collisions. In tact , even it one assuned that all the unknown -

cargo conditions for collisions (26) were the “in ballast ” case and all the -

unknown cargo condition. for ground tngs (8) were “loaded”, 57.3 percent of the

collisions and 77.1 percent at the gr oundings involved loaded tankers. Trans—

sitting this to the grounding outt low to collision per inciden t outf low ratio .1
of 4.23 , it would reduce this ratio to 3.13. In other words , there are no -

significant dittere nces in cargo couditions between groundings and collisions

that would t end to alter the great disparit y between grounding and collision

outt lows.

The only way that th. date could be sorted to have a greater collision outflow

than groundi ng outf low, was to consider only those incidents with an outf low I
of less then 1,000 long tone. Is this iast~~~s, the outflow ra t io of groi ndings

to collisions is 0.82. It is not felt , however , that this case has any signif i— I
cant aeaning. 
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BREA1CD~~~4S • 13% (3
onrsiis 1.13% (3)

I

STRUCTURAL FAILURES 19.17%
( 51)

I WLLISIC~S 30.83% (82)

I RA*IINGS 9.b5% (23)

-~ I
GROUNDTNGS 26.32% (70)

I
.t,4% (1 5)

I . FIRES
7.14% (19)

- I
I Fiçiu*~i 1 266 Polluting Incidents - Frequency Distribution

1
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__________S U X ~I8 3.81%
16,490 tons

$ 0.15%
638 tons

ISIONS 7.96%
34,271 tons

1
I

~ CPLOSIQ4S. 7.9%
34,046 t FIRES

1.0%
4,819 tons

I
STRUCTURAL FAILURES 49.31%

212,367 tons

~~~IØINGS 2$ • 19%
124,022 tons

R~~ UN~~ 1.00%
4,65? tons

Figure 2 266 Polluting Incidents and 430,730 Long Tons of Outflow -
Naguituds Distribution
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~1
~h 1e 3. ~~rgo Condition of Collision and Ground ing f’o t 1 u t i ’~ t’~~~~t~~~

. 1 Loaded With t1it k~i .‘~~~

Other Than [p

I Loaded Persistent Oil. . !?J.�~ - 
_~~~~d) t i ’

I Collisions (82) 42 9

Groa ndings (70) 48 1 fl

rotal (152) 90 6 22

I
Tabl.e 4. Comparison ot Relative Oil Outf lows f rom Ground ing 3 and ColiIr ’~~ns

FRENCH DATA U. S. DATA

Excluding ~.Xi had I ng

~ i Total ICt ri l

Total l osse* 
- - 

Total

Ratio of total
outf lows,
groundings to

I rnlllston 3.94 2.13 3.62 2 . S(

1
a ~.~t ( o cat out t l ow ,

gr wnd l ng to
.z o [t l s t o n  on por
inci.lcnt t~e~a1s 2 .56 1.60 4.26

11
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A comparison of the da ta contained heTein tegarding collisions and grounding s

with ref erence 4 is •ho,m in Table 4.

Two other types of casualty also warrant some detail; namely explosions

and struc tural failures .

Explosioflg

Append ix I shows 15 tanker explosions. Of these , six occurred during a

loaded condition. In the six cases where the tanker had oti aboard , tive

explosions occurred at the pier dur ing a cargo transfer operation . Seven

of the nine explosions which occurred with the tanker in ballast took place

at sea; one ot t i e renam ing ones occurr ed in a coastal tone and the f inal

one occurred in an unknown location . At least five of the explosions which

occurred in the ballast condition took place dur ing tank cleaning . Not a

single tanker equipped with an inert ing syst is recorded among the entir e

list ot tanker with cargo tank explosions . On a non-dimensional basis the

data clearly show that ther e is a sore signif icant explosion problow on large

tanker s (greeter than 80,000 DW~) th*n on the resainder of the tanker fleet

(5.51 as opposed to 0.71).

Structural lailur. .

li2~~rone structural failur es accoun t ed for 212 ,367 long tons or 49.3 percent

ot the total oil outtlow in the two—year data base. Ten of then , in the

loaded condition, with an average age of 17 year end aver age cisc of 27 , 443

tons sunk and contributed 206 ,278 long tons of that oil outflow.

12 ‘~1
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Impact of Total Losses

The impact of total losses upon the trequency and magnitude ot taflker

casualties is shown in Table 5. This table shows the resultant frequency

and magnitude for a given type of casualty when all. total tanker losses

are excluded. In terms of frequency, no appreciable differences are seen,

however, the outflows are significantly changed; especially explosions and

structural failures. Whereas these were eight and forty—nine percent ,

respectively, they are now one and seven percent . Croundings become the

predominant outflow cause at 62 percent with collisions next at 25 percent.

The overall ratio of grounding outflow to collisions outflow changes to 2.5

and on a per incident basis to 2.88. In this respect, grounding outtlows

still exceed collision outflows by a factor of approx imately 3 to I in lieu

of a 4 to 1 ratio, previously calculated, using the entire 266 polluting

incidents. While total losses result in only about 13.1 percent of the

polluting incidents, their attendant outflows represent 27.4 percent of

the total collision pollution, nearly 50 percent of the total grounding

pollutIon, 98 percent of the explosion, and 97 percent of the structural

failure pollution. Overall their total outflows represent 76.5 percent of

• the 430,720 long ton outflow tigure. Thus it appears that the occurrence

of total losses and the ability of a tanker to survive a catastrophic

casualty must also be considered .

I
13



Table 5. Impact of Total Losses Upon Ireque ncy and Magnitude of Casualties 7

N~a.ber of Percent of Percent of
Incidents Total Incidents Outflow Total Outf low

Breakdowns 2 0.83 50 0.05

Collisions 76 32.48 24 ,877 24 .60

Explosions 10 4.27 722 0.71

?ires 16 6.84 1,213 1.20

Groundings 66 28.21 62 ,263 61.58

Ra~~ings 23 9.83 4,657 4.61

Structural Jailure 40 17.09 7,114 7.04

Others 1 0.43 213 0.21

Totals 234 100.0 101,111 Tons 100.0

7
The numbers in this table exclude all incidents involving the total loss of

a tanker.

I
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Analysis by Deadweight

An at t emp t  wa~ rn ad&• to  sh ow what , It a n y ,  ecar re Ia ( I oh eX It ~ I W I4~ hI l I t  i t l i  i~ I

frequency, incident outflow, and tanker size. Table 6 shows Lor varltiai: ;

deadweight ranges, the average number of vessels in that category operating

during the two—year sampling period , the number of polluting incidents , and

the total outtlow from those incidents. The table then non—dimensionalizes

frequency and magnitude on both the basis of number of tankers and total

deadweight in a given range. The tour non—dimensional parameters are as

I follows ;

I A/B — the number of Incidents in a given range divided by the

number of tankers in the same range;

C/B — the total outflow from the Incidents in a given range divided

by the number of tankers in the same range;

AID — the number of incidents in a given range divided by the total

I deadweight in the same range; and,

C/D — the total outflow from the incidents in a given range divided

I by the total deadweight in the same range.

A number other than one says:

I
. for A/B , there is a smaller or larger trequency of casualties tor

the number of vessels in that range;

I . for AID , there is a smaller or larger frequency of casualties b r  the

deadweight represented in that ra nge ,

I . Par C/B , there is a smaller or larger oil outf low magnitud e tr om c asua ]t

f or the number of vessels in that range ; and ,

I . tor C/U , there is a smaller or larger oil outticaw magnitude Iron ‘a .~’i~~1

I 15



Table 6A. Distribution of the World Tj~iiker Pleat as a Punction of Deadweight
During the 1969—1970 Period 5

CD)
(B) Percent -j

Deadweight Number of Percent of Repr santative of Total
Range 

~~~~~~~~~~ 
To tal Tankers Deadvei4ht Deadweight

To 10,000 2 ,609 43.83 4,005 ,557 2.95

10,000—19,999 1,208 20.29 20,064,280 14.78

20,000—29,999 585 9.83 14,163,340 10.43

30,000—39,999 447 7.51 15,358,680 11.31

40,000—49 ,999 296 4.97 13,465,060 9.92

50,000—59,999 208 3.49 . U.,231 780 8.27

60,000—69 ,999 146 2.45 9,563,720 7.04

70,000—79 ,999 136 2.28 1.0,116.140 7.45

80,000—89 ,999 86 1.45 7,348,460 5.41 (
90,000-99,999 78 1.31 7,423,500 5.47

100,000—149,999 95 .1.60 10,854 ,640 8.00

150,000—199 ,999 19 0.32 3 ,160,780 2 3 2

200,000 Upwards 40 0.67 8 ,937 ,560 6.~~

5,953 100.0 135,693,497 100.0

8 •

The number of tanker s and representative deadweight in any one range is the
weighted averag. of tankers 100 G~~’ aid upwards on record with Lloyds as of
1 January 1969 and 31 Decenber 1970. To compen sat . for actua l days of
operation from the f irst carriage of a cargo of oil, all tankers delivered in
the 2-year interva l are weight aver aged over a 5-month period whereas all
amiseing tanker s as of 1 January 1969 are weight averaged over the full 24-month
period . 

.•
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Table 63. Distribution of the 266 Incidents and Outflows as a Punction ot

Deadweight During the 1969—1910 Period

(A) (C)I Deadweight Number of Per cent of Outflow in Percent of
Ran ge Inc ident s Total Incidents Range Total Outflow

To 10,000 63 23.69 10,939 2.54

1 10,000—19,999 75 28.20 155,966 36.21

20.000—29,999 41 15.41 45,924 10.66

1 30,000—39,999 22 8.27 94,356 21.91

40 ,000—49 ,999 14 5.26 54 ,825 12.73

1 50,000—59 ,999 11 4.14 20,604 4.78

1 60,000—69,999 9 3.38 6 ,467 1.50

70,000—19,999 10 3.76 14,174 3.29

I 80,000—89,999 4 1.50 82 0.02

90,000—99 ,999 3 1.13 5,891 1.37

I 100,000—149,999 3 1.13 8,002 1.86

1 150,000—199,999 1 0.38 102 0.02

200,000 Upwards 10 3.76 13,388 3.11

266 100.0 430,720 100.0

~~~~~ ~~~~~~~~~~~~~~~~~ —
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Table 6C. Non-Dimensional Aaa1~èis of the 2d6 Inàid~~ts aed Outt lowi as a
Punction of Deadweight DutiW the 7~ø..497O Period

.1
Deadweight
BaDge All L/D C!, CID I
To 10,000 0.49 8.03 0.05 0.86

10,000—19,999 1.39 ’ 1.91 1.78 2.45

20,000—29 ,999 1.37 1.48 1.08 1.02 1
30,000—39,999 1.10 0.73 2.92 1.94

40,000—49,999 1.06 0.33 2.36 1.28 1
50,000—59,999 1.19 0.30 1.37 0.58

60,000—69,999 1.38 0.48 0 .61 0.21

70,000—79, 999 1.65 0.51 1.44 0.44 1
80,000—89,999 1.03 0.28 0.01 0.002

90,000—99, 999 0.86 0.21 1.03 0.25 1
100,000—149,999 0.71 0.14 1,16 0.23

130,000-199,999 1.19 0.16 0.06 0.01

200,000 Upwards 5.61 0.57 4.64 0.47 1



Li.
~ ‘ for the deadweight represented in that ra nge .

A number equal t~ 1 says of course tha t the frequency or magnitude, as the

case might be is direct ly proportional to the denominator ; i . e . ,  either

number of tankers or deadwe ight.

The important points to draw from Table 6 are:

~ I . Overall the 10,000—19, 999 dwt range shows the highest frequency

: and magnitude of pollut ing incidents;

Tankers over 200,000 dwt have the highest frequency and magnitude

I when non—dimensionalized to the number of vessels in that class9

(A/B and C/B) ; when non—dimenaiousliz.d to representative deadwe ight ,

I hoi,ever , they are tar below the norm;

I . The 30,000—49 ,999 dwt ran ge has the highest outflow on a representative

deadweight basis (C/D).

I
I
I

‘ I

I 9 This is due to the ~~~ll number of vessels Lu that range and 3 major tank
explOsions which sunk one vessel.

( I  
_ 
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£aalysis of Structt~al )al].ur.s by Vessel Aa~

I igur. 3 and Table 7 show the frequency and magnitude of polluting

inciden ts as a function of tanker age normalized to the a ber and total

deadweight of tankers in any one age group. The four non—dMensional

numbers A/B, C/B, L/D, and C/D are similar to those d.scribed previously.

The Important points to note is as follows: I
Overall , tanker s built between 1946 and 1955 shown the worst

frequency and oil outflow aagnitud. record ; and as pr eviously stated I
ten tanker s with an average age of 17 year s sunk and contributed -

206,278 long tons of oil outflow.

I

1!
I

‘.1
I
I 
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Table 7*. Distri but ion of the World Tankag fleet as a Junction ot Tank er
Age miring the 1969-1970 P.ricd’0

(B) (D)
Percent

Age of 6t Total Percent of Total 4
Tanker Tanker 11.. t1’ Tanker Desd,s1&ht~ —

0 to 4 years 19 66 37.8

5 to 9 years 26 ,10 24.4 j
10 to 14 years 24.01 21.5

15 to 19 years 14.41 10.7

20 to 24 years 4.62 .2.45

23 to 29 7.ars 6.10 2.5

Greater than 30 years 5.10 0.65

100.0 100.0• ‘4
I

10 See lootnote 8 on page
11 Based on 3,933 t.nk.rs.
12 Ba..d o~ 133,695,497 total world t al’r fleet deadweight. • j

(
I
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Table 71. Distr ibution of the 49~3 Structural Jailure end their Outf lows
I as a Puaction of Tanker 8 S  During the 1969-1970 Period

I (A ) ’
Percent

I Iwaber ot of Tota l (C)
I Ag. of Struc tural Structural Outflow Percent of

~~~~~~~~~~~~ P aLlures ~~~~~~~ Total Outflow

I
0 to 4 years 6 12.25 5,802 3.02

I 5 t o 9y e a rs  6 12.25 4,600 2.44

10 to 14 years 13 26.53 567 0.30

l 13 to 19 year s 17 34.69 102,336 53.34

I 20 to 24 year . 4 8.16 78 ,422 40.86

23 to 29 y.ar s 3 ’ 6.12 90 0.04

I Greater than 30 y.ars 0 0 0 0

49 100.0 191,927 100.0

I
I

structura l failures with a total outf low of 20,440 long tons are
.xc1.46~ tra m thi s analysis since the age of the two tankers in quest ion
was indeterminate.

U

I
‘

~ I
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Table 7C. Non~Di.sl~ io*al L .lpais of 49 Structural Pailurea and
Their Outflows as a P~~~ tio. of Tanke r ~~~~~~~~

‘ During the
1969—1970 Period

Age at
Tanker 4/1 LID C/I CID

C) to 4 years 0.62 0.32 0.15 0.08

5 to 9 years 0.47 0.30 0.09 0.10

10 to 14 years 1.11 1.23 0.01 0.02 f
15 to 19 years 2.4]. 3.24 3.70 4.99

20 to 24 years 1.77 3.26 ‘8.85 16.34 1
25 to 29 years 1.00 2.35 0.01 0.016

Greater than 30 years 0 0 0 0 1
• ‘ -

~~~~~~~~~~~

‘
.

I
I

. • ,
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____________________________________Analysts by Geotraphica!. Location

I
Table S shows the two digit cod ing ployed tor the geographical location

I of the tank er at the time of th. casualty . Tab le 9 shows the frequency

i and magnitude spec tr un for th. following selected geographical areas :

01 — Worth West Atlantic Ocean (Nor th of the Tropic of Canc er , between

1 300 Vest and the East Coast of the U. S. and Canada) ;

02 — Worth East Atlant ic Ocean (North of the Tr opic of Cancer , b-’tween

I 300 West and the We st Coast of Europe includi ng the Deiaar k Strait and

i Greenland Sea) ;

21 — North West Pacific Ocean (Nor th of the Tropic of Cancer and between

the 180th meridian and the Coast of Asia includi ng the sea of Okh otsk ,

the SSa of Japan and the Yellow Sea) ;

t . 50 - The )Ieditsrr.an Sea; and

I . 12 — The East Indian Ocean (North ot the Tropic of Capr icorn and between

20° and 70° East longitude including the Arab ian Sea , the Gulf of Men,

I and the Rod Sea .

These data simply state that at least on a macrosc opic view, tanker accidents

and oil outf low are a direct function of tanker tr affic density ; i .e . ,  the

I accidents occur where the taukst traffic is the densest such as in the Pers ian

Gulf , Northern Europe , Japan , etc..

~~

• I
I
I ___~~~~~ 
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Table 8. Coding tot Location of Ship at the Time ot the Casualty

00 Atlantic

01 North West Atlantic (North of the Tropic of Cancer , between 30° West
and the East Coast of the U. S. and Canada) .

02 North East Atlantic (Worth of the Tro pic of Cancer , between 30° West
and the West Coast of Europe - Includes Dei~ ark
Strait and Greenland Sea) .

03 Middle Atlantic Ocean (Between the Tropic of Cancer and the Equator, and
between South Merican and the West Indies and the
African Coast).

04 Middle Atlantic Ocean (Wetween the Tropic of Capticern and the Equator,
and between South Aaerican and the Aft ican Coast).

05 South West Atlantic (South of the Tropic of Capricorn and between 300

West and the coast of South Aaerican - Includes the
Drake St rait ) .

06 South East Atlantic (South of the Tropic of Cap ticoru and between 30°
West and the Af r ican Coast and 20° East).

07 Carribean Sea and Culk of Mexico.

06 Gulf of St. Lawr ence and Great Lakes.

0, Davis Straits , Hudson Bay, and Bait in Bay

10 Indian Ocean

11 Indian Ocean (South of the Tropic of Capricorn , and between 20
East and 1400 East). t

12 East Indian Ocean (North of the Tropic of Capricorn, and between 200
East and 70° East - Includes Arabian Sea, Gulf of

• Aden, and Rod Sea) .

13 West Indian Ocean (Worth of the Tropic of Capr icorn , and between 700

East and 140° East — Includes Bengal Ba, and other
amali bodies among the Ma laya Archip.lags).

20 Pacitic Ocean

21 North West Pacific (Wor th of the Tro pic of Canc er , and between the 180°
Meridian and the coast of Asia — Includes Sea of Okhot.k,
Sea of Japan, Yellow Sea) . J

-



Table 8. Coding for Location ot Ship at the Time of the Casualty——Continued

22 North East Pacific (North at the Tropic of Cancer, and between the 1800
I Mer idian and the coast ot North America — Includes

- . I Gulf of Alaska and Bering Strait).

23 Middle Pacitic Ocean (North of the Equator and South of the Tropic of Cancer,
between the East Indies and Central and South America).

24 Middle Pacific Ocean (South of the Equator and North Tropic of Capricorn,
• between Australia and the South America coast -

Includes Coral Sea and other small bodies of water
I in these limits) .

25 South East Pacif ic (South of the Tropic of Capricorn , between 70° West
I and 1800 Meridian — Inc ludes the Tasman Sea) .

26 South West Pacific (South of the Tropic of Capricorn , between 1400 East
and the 1800 Merid ian)

30 Artic Ocean

I 40 Antartic Ocean

50 Mediterrean Sea

I
I
I
I
I

ii
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Table 9. Prequency and Magnitude of Tanker Polluting Incidents
as functio n or Geographical Location

•1
Number of Total
Incidents Outflow

Northwest Atlantic Ocean (01) 35 93,049

Northest Atlantic Ocean (02) 78 86 ,969

Nor thwest Pacit ic Ocean (21) 27 26 ,848

Mediterrean Sea (50) 17 17,400

East Ind ian Ocean (12) 11 54,163

Subtotal 168 278 ,429

All other geographical locations 98 152,291

Total 266 430,720 long tons

I

1
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4 Anal~~is b~ Area

)or the purposes of this analysis, areas are defined as toliows ;

Coastal — within 50 nautical miles of any shoreline ;

En tranceway — entrance to a harbor, bay , river, etc;

Harbor — within the conf ines of harbors , bay s, rivers , etc .

Pier — at a whari , p ier , doc k , quay, etc . with tanker phys i ca lly

moored thereto; and

Sea — more than SO nautical miles from any shoreline.

The intent of this analysis was to show what type of incidents and associated

outflows occurred in the various areas .

Table 10 shows the 266 incidents and associated outflows on an area basis.

It. shows that 207 incidents with an attendant outflow of 185 ,893 long tons

occurs within 50 miles of a shoreline. It also shows that 88 incidents with

an attendant outtlow of 41,810 long tons occurred either at the plcr or wi thin

the confines of a harbor .

Table 11 shows on an individual area basis, the frequency ani magnitude of

different types of casualties. ~or example, in the coastal area, 54 inc idents

c~ut of 60 are either groundings or collisions and account for 56,771 loni~ tons

~‘t outt low. Other important points to note are as follows:

• En the entranceways, 28 groundings account for 77,003 long tons of outflow

out of a total of 83,286 long tons tha t were spilled;

In the harbors, 16 ground ings had an outf l ow of 11,930 long tons out r’t

a total ot 22 ,651 long tons spilled ;

29 



4
Table 10. Area Location of the 266 Polluting Incidents

and Outflows Duri ng the 1969—1970 Per iod

I
Number of Amount of Percent of

Area Inciden ts Outf low Outflow

Coasta l 60 60,797 14.1 1
Ent rance 59 83 ,286 19.3

Harbor 45 22 ,651 5.3

Pier 43 19,159 4.5 1
Sea 52 240 ,003 55.7

Unknown 7 4 ,824 1.1

Total 266 430,720 100.0 (
I
I
I
I
I
•1
I
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1’.il~lt• II. 266 Polluting Incidents and Outflows Shown by
Type of Casualty and Area Locations

COASTAL ENTRANCE HARBOR PIER SEA
No. Outf low No. Outflow No. Outflow No. Outflow No. Outtlow No.  C ) u t i i ~~

SKI) 1 25 0 0 0 0 0 0 1 16,350 1 25

COL 29 21 ,683 24 5,651 19 5,917 6 612 3 306 1 10

E X P  2 3,826 0 0 0 0 6 14.417 6 15 ,804 1

F RF, 2 152 1 76 2 1,326 11 2 ,612 3 153 0

CR D 25 35 ,088 28 77 ,003 16 11,930 0 0 0 0 1

RAM 0 0 2 36 6 3,437 15 1.184 0 0 0 0

STI~ 0 0 3 120 2 41 4 121 39 207,390 3 4 ,695

I 
0TH 1 25 1 400 0 0 1 213 0 0 0  0

I otals 60 60,7971 59 83,286T 45 22 ,6511 43 19,1591 52 240 ,0031 / 4,824~

: 1
I
I
I
I
I
1 31
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• Six exp t~sions at the phr had an outflow ut 14 ,417 lung tun.~ ‘ul I
of a total of 19,159 long tons sp~.11ed; 1
At sea , the 39 structural failures accounted for 207,390 long tons

of outflow or 86.4 percent of the “at sea” total. 1
I
I
I
1
I
I
I
I
I
I
I
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Analysis by Relistry

Table 12 shows for tankers greater then 10,000 dwt, tanker casualties

I and outflow s nor malized to both representat ive number and deadweight for

a given flag of r.g istr y. The non—d imensional numbers A/B, AID , C/B , and

C/D are similar to those described previously .

Table 11, in general , reaffirms the data analyzed in this manner by re ference

I
I
I
I
I
I
I
I

: 1

I
1
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Table 12k . Distribution of the World Tanker fleet Greater Than 10 000 DWT
as a Bunction of ft.gis tr, During the 1969—1970 Per iod 1~

I
(B)

Percent (D)
Country of of World Percen t of World

R gistry Taa*,r Iloet15 Tanker DW~ Tonnage16

1
Liberia 21.09 23.42

Norway 11.50 13.84

United Kingdom 11.86 12.30

Japan 6.03 10.93

USA 10.30 6.50

P anama 4.27 3.78

)rance 3.14 3.71

Italy 3.49 3.22

UsSR 4.93 -. 2.90

S~~ den 2.30 2.71

Greac. 4.48 3.19

Netherlands 2.60 2.40

Others 14,01 11.10

100.0 100.0

14 Se. footnote 8 on page
15 Based on 3 , 344 worldwide tank.rs over 10.000 DWT .
16 Based on 131,689,940 wci~U tank .’ f leet tonnage over 10,000 DWT. I

34
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Table 121. Distribution of the 203 Polluting Incidents and Outflows as
a Punction of the Countr y of Registry Dur ing the 1969-1970
Period

(A) (C)
Country of Percent of Perc ent of

RsaJ st~y Total Casualties1 Total Outf lows18

Liberia 33.50 43.38

Norway 6.40 8.88

United Kingd om 15.76 16.27

Japan 2.96 0.24

USA 7.39 0.88

P anama 5.42 9.47

Prance 1.97 0.06

Ita ly 0.98 0.02

1 USSR 0.49 0.02

Sweden 1.48 1.42

Greece 13.30 9.49

I Ne therland s 1.48 2.73

Others 8 .87 7.14

I 100.0 100.0

- I
17 Based on 203 inc idents involving tanker s greeter than 10,000 DWT .I 18 Based on total outflow of 419,781 long tons .

I
1
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Table 12C . Non—D1ar’~iona1 Analysis of 203 Tank.r Casualties and Their
Outflows as a hinction at Tankar Registry During the 1969—
1970 Period I

I

Country at
Rs&iatry A/I A/D ____ 

C/D -

Liberia 1.59 1.43 2.06 1.85

Norway 0.56 0.46 0.77 0.64 1
United Kingdom 1.33 1.28 1.37 1.32

Japan 0.49 0.27 0.04 0.02

USA 0.72 1.14 0.09 0.14 1
Panama 1.27 1.43 2.22 2.51

P rance 0.63 0.53 0.02 0.016 1
italy 0.28 0.30 0.006 0.006

USSR 0.10 0.17 0.004 0.007 1

S weden 0.64 0.55 0.62 0.52 1
Greece 2.97 4.17 2.18 2.97

Netherlands 0.57 0.62 1.05 1.14 1
Others 0.63 0.80 0.51 0.64

I
I
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Co.~,arison vith HP ZIII/2(a)/9

(~~era1l , it is difficult to make a point by point comparison with NP XIII/2(a)/9.

The principal reasons for this are;

HP XII I /2(a) /9 only considered incidents involving tanker s of 7,000 DWT

and larger wherea. this stud y considers all tankers of 100 grt and larger;

HP XIII/2(a)/9 only has total number for outflows in terms of the types

of incidents wherea s thi s study considers each incident on a frequency

and magnitude scale. Por example, Table 6.1 of reference 4 shows only

t he frequency of accident s as a f unction of tanker age wi th no direct

correlation to the outflow magnitude. Postulations made on the basis of

tanker casualty frequency only wi thout recour se to outflow magnitude can

be misleadi ng; and

NP XIII/2(a)/9 considers other tacøors such as cause of accident, weather

condition s , tine of day, etc . which this study does not contain within

its data base .

There are , however , a number of points which deserve co~~ent:

As shown in Table 13,MP XIII/2(a)/9,doss not include in its 1969—1970

data base , seven major incid ents with a total outf low of 153,402 long

tons. Ina uch as the data base for this stud y does not inc lude years

prior to 1969, one cannot make a comparison to those year.. One must,

however , speculate as to their completeness

is r alized that explosions have been specifically omitted in HP X 1II/2(a)/9.
They do n.v.rth. lsss contribute to the total outflow.

37



Table 13. Sass Ilajor Incidents ~*ich Occurred in 1969 and 1970
and Ar. !2& Isported in lIP iili/2(a)/9

Vessel Case
Nams Number Type of Inc idsnt Outflow 1

ALBACRUZ 001 Structural failure — Broke up 20 ,400 1
ANASTASIA 3 L 003 “ “ “ 18,500

CHRYSSI 013 “ “ “ 31,216 1
GEZINA BROVIG - 037 M ch. Breakdown—Aground—Iroke up 16,350

PACOCBAN 080 Structural failure — Broke up 30,016

SILVER OCEAN 0% “ “ “ 18,300 1
SOP IA P 097 “ “ “ 18,620

I
Outflow Total 153,402 Tons

•11

20 1
All incidents involved loaded tankers .

1
•1
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I . The deadweight analysis more or less agree in terms of incident

trequenc y except for the very large tankers. This is in most part

due to the omission of tanker explosions in HP XIII/2(a)/9. It

I this study likewise omitted these explosions the non—dimensiona l

number, A/B, for tankers greater then 80,000 dwt would be 1.06;

I or In other word., the accident fr equency for large tankers is in

I -direct proportion to their number. In fact it one looks at th~1~

oil, outflows as a function of the number of tankers in the greater

( than 80 000 dwt range, this non—dimensional number , C/B, is 0.49

when al l explosion. are discounted .

I . The analyses with respect to the tanker’s age both agree in that

those tankers constructed between 1946 and 1955 have the poorest

I casualty history.

• Both studies concur in that tanker in ballast have fewer casualties

than loaded tankers.

• It is unclear how the average annua l outf low ot 50,000 tons for  tank, rs

greater than 7,000 dvt cited in NP XIII/2(a )/9 was extrapolated to an

annua l outf low of 150,000 tons for all tankers . This value appears

I low and is at least in part attributable to omissions of major incidents

as demonstrated by Table 13.

I . Table 14 is a comparative analysis of frequency and magnitude as a

t unction of the type qt casualty.

Th is table shows two important points;

I 1. In both studies, the ratio of outflows from groundings to collisions

i is on the order of 4 to 1; and

I
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Table 14. Prequency and Outflow tot Various Types of Casualties

I
This Study2’ HP XIII/2(a)/9

Preguency Preguency &. .!.... I
Collisions 412 92 34% 16%

Croundings 34% 342 53% 64%

Structural Failures 25% 57% 132 20% (
100 100 100 100 1

I
21 For comparative purposes , only collisions, grounding, and structural

failures are tabulated here .

1
I
1
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2. Th e absence of the major structural failures f rom HP X I T r / 2 ( a ) / 9

has a distinct ef fec t upon ab solute values of the outflow m .igiiltudes .

I
I
I
I

~ I
I
I
I
I
I
i

~: j
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Closure I
The most significant type of tanker casualty in causing oil pollution is

structural failures. Ten major struc tural failures (4 percent of the total

number of incidents) accounted for 206 ,278 ton. of outflow (48 percent of

the total outf low) . They all occurred in the fully loaded condition and I
resulted in the total loss of the tanker.

Grounding. are the next major contributor to oil outtlow. In 1969 and 1970

they accoun ted for 28 percent of all tanker casualty pollution. In terms I
of ~utf low f rom all polluting incidents, grounding. are tour times more

significant than collisions.

Analysis of tanker pollution data in terms of frequency, without data on

amounts of outflow, is not a true measure. In terms of total incident. ,

collisions are the largest single type of casualty. However, collisions

contribute only eight percent of the total outflow and are of less magnitude I
than structural failures and groundings.

Ra ings account f or approximately nine percen t of the total incidents but

resu lted in only one percent of the total pollution . j
Explosions which are extr sly significant because of th.ir cost and danger I
to life contribute 7.9 percen t of the total outf low. This is of course the

result of most explosions occurring while in the ballast condition . I

42
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Nearl y 56 perc ent of the total oil outf low occur s “at sea ” ; i.e., more

than 50 miles from any shoreline. Fourteen percent is spilled in the

coastal zone and the ramaining 29 percent is spilled in the “local zone” ;

i. e. ,  at entranceways, within harbors , and at piers .

In ter ms of localized pollution , groundi ng are by f ar the most signiticant

source of oil outflow accounting for some 71 percent. Structural failures

account for 90 percent qt the “at sea ’ pollution. They contribute very

little elsewhere.

I
There is no clear decision to state with respect to the effec t of tanker

I size. In terms of frequency, the very large ships look poorest. As stated

previously , however, this is due pr imarily to explosions . When oil outtlow

magnitudes are considered , then vessels less than 50 ,000 DW~ display the

I poorest record. in terms of both frequency and magnitude it would appea r

that tankers In the 10,000 to 19,999 DW~ range the worst history, i.e.,

I all non-dimensional numbers , AID , AID , C/B and CID are 1.39 or greater.

Tanker age only has an effect on structural failures. In short, those

tankers built between 1946 and 1955 had a disproportionate amount of catas-

I trophic structural failures.

I The incidents involving the loss of the tanker have a significant ci tect upon

the total outflow figure. They must be recognized and especially accounted

for in any analysis.

I In conclusion, this study shows the following important points;

1
I
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• Accidental oil outflows from tanksrs is on the order of 215,000 long

tons or 218,440 metric tons per year;

• Structural failures , gtoundings , and explosions involving the total

loss ot tankers have a distinct effect upon any analysis conducted .

In thi s respect , tanker survivability must be considered ;

Groundings exceed collisions in terms of outflows b ’ a f actor of 4 to

1. This would tend to put an extre me accent on the need for bottom I
protection over side protection;

• Explosions on lar ge tankers especially, and on all tankers in general , I
deserve some iemediate reaction;

Certain flags of registry appear to need an upgrading in their standards

and maintenance requirements; and,

There is no clear indication that tanker size has any relationship to

casualty frequency and o~l outflow other than in the case of explosIons. 1
I
I
I
I
I
1
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I
Columns 1—3 Inc ident Number

( Columns 4-7 Date (Month—Tsar)

Columns 8—13 Deadweight

I Columns 16—15 ~~~~~~~~~ Built

I Column 16 Cargo Condition L — Loaded

B • Ballast

1 0 — Other than persisten t oil

U - Unknown

I Columns 17—18 Geographical Location (See table 8)

I 
Column 19 Area P • Pier

H — Harbo r

E — Entrancsway

C — Coastal

1 S— Sea

U — Unknown

- Columns 20-23 Damage Lost — Sunk

I S—ND — Heavy

S—LD — Light

I S—UN - Unknown

Columns 24—26 Type CasuaLty BED - Breakdown

CA? — Capsizing

I / 
Col • Collision

UP — Explosion

I
1 
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I
CRD — Grounding

- Ramning 1
STP. — Structural )ailure

Columns 27—32 Amount Outflow I
Columns 33—33 Method of Determining

Outflow REP — Report

MIN — Reported as Minimal

EST — Estimated

CAL — Calculated

I
I
I
I
I
I
I
I
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