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As a result of trends in tankship and bulk carrier
design over the past decade, scantlings have been reduced sig-
nificantly. This is attributed to a better understanding of
actual service loads, improved methods of stress analysis,
and the application of long-1life coating systems, alone or
in conjunction with sacrificial anodes. Because Ship con-
struction and repair costs have quadrupled in the past ten
years and because steel repairs, renewals, or re-application
of coatings or anodes in some areas of larger ships are nearly
impossible or prohibitively expensive, the Ship Structure
Committee felt that a re-examination of the corrosion-control
alternatives should be initiated.
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ﬁ The results of such a review and reevaluation of
the various corrosion-control philosophies, inciuding sensi-

u tivity studies of the relative 1ife-cycle costs of available

corrosion-control techniques, are contained in this report.

]
ClydgT. Lug, r. S

Rear Admiral, U.S. Coast Guard
Chairman, Ship Structure Committee
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Tankers carrying crude oil and refined petroleum products have experienced
corrosion problems in cargo and ballast tanks since they first came into
existence. In the 1950's, the subject started receiving widespread attention. |
Work done by the American Petroleum Institute, in particular, gave rise to a
better understanding of the problem and its causes. As a result, more
effective corrosion-control systems were developed which led to classification
societies reducing the minimum scantlings required for ships. The industry
trend was to use progressively lighter scantlings in an effort to minimize
weight and construction cost. The philosophy was that the reduction in steel
weight allowed during new construction more than offset the initial cost of
corrosion-control systems and their maintenance or renewal throughout the life
of a vessel. This led to increasing dependence on the ability of a corrosion-
control system to prevent wastage. This basic philosophy has survived
throughout the sixties and seventies.

Today, the factors on which this philosophy was predicated have changed. The
size of tankers has increased so rapidly that now one tank of a modern ULCC
can hold nearly as much cargo as an entire T-2 tanker did during the 1940's.
Technological advances have been made in many areas of corrosion control. The
cost of corrosion-control systems, ship construction and repair has increased
many times over and new tanker safety and pollution regulations for tankers
are in effect. In light of these changes, there exists a need to re—examine
the philosophy of tank corrosion control and update it if necessary.

1.2 OBJECTIVE AND SCOPE

This project was designed to address the task of re-examining corrosion-
control philosophy as it applies to today's tankers. It investigates the
effectiveness of various corrosion-control systems and, by means of life-cycle
cost analyses, tests the validity of the philosophy. Areas worthy of
additional study are also identified. The intent of the study was to provide
tanker designers and owners with a rationale for selecting the best corrosion-
control system for a specific vessel by providing a better understanding of
the factors influencing the corrosion experienced by a tank and the factors
influencing the costs of corrosion-control systems for tankers.

The scope of the project limited the investigation to product carriers
transporting refined petroleum products only (e.g. gasoline, domestic heating
0il, etc.) and crude oil tankers. Chemical carriers and carriers of edible
products were not included. The study was concerned with cargo tanks,
cargo-ballast tanks and ballast tanks and included deep tanks only. Inner
bottom tanks, slop tanks and trim tanks were excluded.



i
Corrosion-protection systems examined included those most widely used —full I

and partial coatings, increased scantlings and sacrificial anodes. Only brief
mention is made of any other methods less widely used. Effort was made to
report practical, representative performance results of protection systems,
not the results of ideal, theoretical protection available only under optimum
conditions rarely achieved. Also, corrosion related to metal stress and H
fatigue was not examined in this study.

|
The original requirements of the study as set forth by the Ship Structure
Committee were the following:

|

|

1

a. Collect, for different areas of the structure, construction and %

repair costs for steel, coating and anode work in U.S. and foreign ;
yards from published sources, owners and yards.

b. Collect existing published data, including that implied by

S =A S g . |
classification rules, of corrosion rates in cargo and ballast tanks
with various protection systems.

C. Develop a method or calculation procedure for taking into account |
life~cycle costs of various corrosion-contrel systems. ‘

d. Evaluate the relative effectiveness of various corrosion-control
systems based on published data and data solicited from
classification societies and owners. ’ I

e. Perform sensitivity calculations of life-cycle costs of various
corrosion-control systems for segregated ballast tankers as follows: H

|
(1) 30,000 DWT clean petroleum products tanker

(2) 250,000 DWT crude carrier

The last requirement was later changed to allow use of a 39,300 DWT clean

petroleum products tanker and a 285,000 DWT crude carrier for sensitivity
studies.

|
|
|
|

|
1.3 LIMITATIONS ‘

As with most research projects, there are certain limitations which must be ‘
borne in mind when using the information presented. The first is that no {
actual testing or detailed inspection of ships was conducted. BAll information

was obtained by a survey of concerned groups, such as ship owners and \
operators, consultants, coating and anode manufacturers, shipyards, regulatory‘
bodies, etc. and a survey of published literature on the subject. {

Most ship operators and owners do not keep detailed records of tank corrosion.
Most companies, especially smaller ones, are very limited by available
manpower and do not have the time to devote to such activities.




|
|
L In these cases, the respondee usually reported informally on their general

Q experience with tanks. Often the information was not as detailed as ideally
r desired waking it difficult to correlate between the type and extent of

[ corrosion damage and the many factors that led to it.

|

The last limitation which should be noted concerns cost figures. Some

type of cost figures was obtained from several different sources but it was
soon discovered that the costs reported often depended on unquantifiable
factors such as the urgency of the work, the availability of dry dock space
and the volatility of the particular market. This type of response made it
difficult to arrive at concensus cost figures for different types of tank
work.

1-3




CHAPTER 2

METHODOLOGY

2.1 SURVEY

Two types of surveys were conducted to obtain data for use in the project.
The first was a survey of published information on the subject of tank
corrosion and corrosion-control technology. A comprehensive computerized
literature search was first conducted by Maritime Research Information Service
(MRIS). This resulted in a listing of all recent publications relating to
tank corrosion, tanker repair work or the performance of corrosion-control
systems. Sources of publications on the subject included technical societies
such as the society of Naval Architects and Marine Engineers (SNAME) and the
National Association of Corrosion Engineers (NACE), the National Technical
Information Service (NTIS) and technical libraries. A complete bibliography
is located at the end of this report.

Next a survey of persons involved in the tanker and corrosion-control industry
was conducted. This survey canvassed ship owners and operators, coating
manufacturers, anode manufacturers, marine corrosion consultants, regulatory
agencies, shipyards and independent shipyard contractors. To assist in the
surveys, data sheets were developed for ship owners and operators and coating
manufacturers. Contacts with other groups were conducted on a more informal

basis.

Information for use in the study was received from sixteen tanker owners and
operators involved in both foreign and domestic service. These responses
varied significantly depending on the time and manpower available to respond
and the scope of that company's experience. Small tanker companies were
usually very limited in the time and manpower they could devote to tank
corrosion and, as such, kept very little detailed information. Larger
companies usually had on their engineering staff one or more persons whose
main duties involved tank corrosion. One company had developed a ,
comprehensive computerized tank management program to control corrosion in its
ships. Most companies chose to respond on the basis of general information
rather than specific ship histories. Each responded only on the tank
scenarios with which they had experience. The different scenarios were based
on type of cargo, type of washing, age of ship, type of corrosion protection,

etc. ,

Ten coating companies responded to the survey. Information obtained from

these contacts was very consistent due to the use of a survey data sheet which
most respondees completed. All main types of coatings were represented
including epoxy, inorganic zinc and soft coatings. Two major anode manufacturers
were also contacted for information on zinc and aluminum sacrificial anodes.



Several marine corrosion consultants contacted provided information on l
corrosion-control methods for tankers and four shipyards and independent tank
contractors supplied information on costs of corrosion control and repair. A
great deal of tank work in shipyards is now performed by independent |
contractors. Foreign corrosion-control costs were obtained from publlcatlons
and contacts with ship owners and coating cowpanies.

|

|

|
2.2 EVALUATION

|

Data from the literature and industry surveywere compiled, reviewed and
evaluated to establish the relative effectiveness of various corrosion-control
systems. Only the most widely used types of systems wére evaluated. These
proved to be epoxy, inorganic zinc and soft coatings, full scantlings, and z1nc
and aluminum sacrificial anodes. Others are mentioned in this report for
completeness. There was often a great deal of disparity in performance
reports for various corrosion-control systems probably due to the many
affecting factors which exist. Therefore, every effort was made to disregard
exceptionally high and low figures and to use the results experienced in the
majority of applications. The evaluation of corrosion-control systems |
determined the expected lives of the systems and an estimate of the
effectiveness of the system, that is, the amount of corrosion which can be
expected while using a given system. This information was then used to |
conduct life-cycle cost analyses by computer program of the various systems to
determine the total cost of corrosion protection of the ship over an assumed
20-year lifetime.

2.3 SENSITIVITY ANALYSES

|

Sample sensitivity analyses were performed on two representative, ship designs
to demonstrate how the influence of various parameters affects the life-cycle
costs of corrosion-control systemns used on realistic examples. One ship use
was a 39,300 DWT refined petroleum product carrier with a double bottom, |
segregated ballast tanks and a flue gas inerting system. The other was a |
285,000 DWT ultra-large crude carrier with flue gas inerting, segregated
ballast tanks and a crude oil washing (CUW) systew. A more complete ‘
description of the two ships used and all assumptions made are found in
Chapter 9. !




CHAPTER 3

CORROSION- CONTROL SYSTEMS

3.1 COATINGS

3.1.1 4General

Coatings are the most widely used type of corrosion protection in ships' tanks
today. These tank coatings include several generic types and a much greater
number of proprietory brands from which the shipowner must choose. From the
large number of coatings which are available, it seems evident that no one
product is universally accepted as the best coating for all applications.
Although covered in greater detail in other publications, discussion of some
of the properties of coatings and the other factors which affect coating
performance, should be a prerequisite to the descriptions of generic types
which are included later in this chapter. (The term "coating" is synonymous
with “"paint”.)

An important property of paints is the percentage of solids which is contained
by volume. This figure, almost always given in coating specifications, is
used to establish a relationship between the wet thickness of the paint
applied and the final dry film thickness which can be used to calculate the
spreading rate and coverage of paints. Part of most coatings is volatile
solvent which evaporates after application. The percentage of solids by
volume is the percentage of the original volume of paint which remains after
these volatile solvents have evaporated.1 The higher the percentage of solids
which a coating has, the fewer the number of coats necessary to reach a
required dry film thickness. The coverage of a paint determined by using the
percent solids by volume is its theoretical coverage.

Practical losses of coating material also occur and must be considered in
determining the actual coverage of a paint. These losses are due to mixing
and application methods and vary according to many factors, the most
predominant being the type of application procedure used. Losses range from 7
to 10% by brush to about 40% by conventional air spraying.

There are numerous factors which determine the protection afforded by a
particular coating. The coating itself is only one of these and possibly only
a minor factor at that. It has been estimated that no more than 2 or 3% of
all coatings ever fail because of the paint itself.2

One of the most important factors is the preparation given the steel prior to
application of a coating. The basic requirement for conventional coatings is
that they be applied over a clean, dry surface free from water soluble
materials like sodium chloride, which can cause blistering of paint, soluble
ferrous salts which will, in contact with steel and moisture, initiate rusting
of the steel, and oily residues which will reduce adhesion of the applied
coatings.3 The roughness of the surface, its profile, is also a consideration
when coatings are used. A one to two mil profile, the distance from the
bottom of pits to the top of peaks, is acceptable for most paints.

3-1



Dry abrasive blasting is currently the best and most widely used method of
achieving both surface cleanliness and an acceptable profile. There are
several generally accepted standards of surface preparation. These are the‘
Steel Structures Painting Council (SSPC), the National Association of
Corrosion Engineers (NACE) and the Swedish Pictorial standards. Each is in

general agreement as to four main degrees of surface cleanlinéss§. Table 3-t1
describes each of these degrees along with their corresponding designations
from the three organizations in decreasing order of cleanliness. The high
levels of abrasive cleaning require more time and more expense than lower
levels. The level of surface preparation required depends on the type of
coating to be used, the severity of the environment and the length of
protection desired. Manufacturers of paint are often in disagreement with
each other so it is always best to consult the manufacturer of the specific
coating in question for the surface preparation required.

l

TABLE 3.1

Surface Preparation Specifications for Abrasive Blast-Cleaned Steel?

[l
| SSPC/SIS by
Surface NACE SSPC Visual stad. Description
Finish Spec. Spec. SSPC-Vis 1
White Metal 1 SSPC-SPS CSa 3 Gray-white color; 100%
Blast free of o0il, grease, dirt,
mill scale and paint. |
Near White 2 SSPC-SP10 Csa 2 1/2 Only very light shadows,
Blast streaks or discoloration;
at least 98% free of
above contaminants
‘ - et g
Commercial 3 ! SSPC-SP6 CaS2 At least two-thirds free ! |
Blast | of visible residues with
slight staining or tight
\ residues remaining '
|
Brush~off* -| 4 | sspc-sp7 CaS1** Only tight mill scale and |
Blast tightly adhering rust and
coating after specified
| | pattern of blasting W
[ |

* Can be used to reclean metal cleaned to a higher level on previous day or

**por rusted, unpitted steel only

remove temporary coatings applied for protection during transit or storager

I




It is usually desireable to remove all corrosion products before applying

conventional coatings but this becomes more and more difficult as steel

corrosion becomes worse. It is accomplished easiest on steel during new

construction. Steel used in new construction is often sprayed with a coat of

protective primer and at worst is covered with mill scale. Surface

preparation of steel in ships already in service is not as easy. Steel in

this case can be heavily corroded and may also have been attacked by deep

corrosion pits making it hard to remove corrosion products by blasting. Some |
types of cargo can also have an effect on later surface preparation. Some
crude oils, for instance, can leave waxy deposits on tank walls which if not
cleaned prior to blasting can be driven into steel by sand blasting and retard
adhesion of subsequent coatings. Badly corroded steel in tankers already in
service usually takes longer to blast and is therefore more expensive to
prepare than steel used in new construction.

Environmental conditions are also important factors in the successful
application of a coating. Humidity must be within certain limits and, in many
instances, must be controlled by dehumidification equipment. Ventilation must
be adequate to allow volatile solvents to evaporate. Pockets of stagnant air
not only hold up drying but, in certain cases, prevent proper curing as well.
Temperature is also important, not only of the ambient air, but of the steel
to be painted and the paint material itself. All should be regulated within
certain limits, according to manufacturers, to ensure proper adhesion and
curing. Last, the areas to be coated must be kept free of contamination by
dust and moisture depending upon the recommendation of the particular paint
manufacturex.

The quality of application of a coating can also be a determinant in the

length of coating protection given by a coating. Application factors include

the correct equipment for the job and, equally important, correct spraying

procedure by painters during application. Correct equipment involves choosing

the right type of spraying equipment, spray nozzle, compressors, agitators,
etc. Correct spraying procedure involves many things. Spraying must result
in a uniform application at a specified film thickness throughout the tank.
Both too little thickness and too much can be causes of failure.> Weak thin ‘
spots, often called holidays, are perhaps the most prevalent cause of

premature failure. Spray must be such that pinholes are not found in the

coating because these pinholes allow water penetration and subsequently become

initial corrosion sites. The proper type and amount of solvents for thinning

must be used. Also, certain rules must be observed whenever one coat is

applied over another. These are but a few of the many critical procedures

involved in paint application.

Once the surface has been prepared, a suitable environment has been created
and the coating material has been correctly applied, the tank is still not yet
ready for use. Most conventional paints require a certain period of time for
the coating to properly cure. Even after this period is over, the coating
will still be in a sensitive state. Initial cargos carried should be those
recommended by the manufacturer as aiding cure. Detrimental cargos should be
avoided.
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certain conditions such as those previously stated but it should be noted
that, in practice, compliance with all these conditions is rarely achieved.
Often, compromises on the part of both the shipyard and the ship operator are
necessary. For example, it is difficult to plan around uncontrollable factorg
like the weather. Often there is little incentive to wait for the right ]
weather conditions. Shipyards attempt to maintain production schedules and
avoid delays which can often result in production bottlenecks because certain
facilities are being used. Shipowners, on the other hand, strive to minimize'
high costs incurred while a ship is in the yard as well as the revenue lost
while the vessel is out of service.

|
|
Paint companies often report long service lives predicated on compliance withi 1

This report, like many other publications, reports the life of coating in
terms of a finite number of years. This should not lead one to the assumption
that a tank coating is 100% intact until its life is over. Instead, a coatiné
gradually deteriorates, slowly at first and at a faster rate with time, until
it is deemed time for recoating by the shipowner.

3.1.2 Zinc-based Coatings

Zinc-based coatings have been considered a major form of tank protec-— P
tion for years and are one of two main types of coating used today.
Zinc-based coatings are generally placed into two main categories,

inorganic and organic, depending on the chemical nature of the binder used to
bond the zinc particles toqether.6 Organic zinc coatings provide not only
cathodic protection like inorganic zinc but exhibit epoxy characteristics as
well. 1Inorganic zinc coatings are by far the more widely used tank coatings
of the two and will be the main subject of this discussion. \

Corrosion resistance of inorganic zinc coatings arises principally from the ‘
galvanic protection afforded by their high loadings of zinc. These loadings :
in tank coatings, may represent 75% minimum weight of dried and cured
linings.7 Because zinc, whether in coatings or anodes, has a higher ‘M
electromotive force than steel, its tendency to corrode is greater. This
greater tendency to corrode relative to steel is the basis used for protection
by zinc tank coatings. When steel tanks are coated with inorganic zinc and ‘
exposed to a suitable electrolyte the zinc becomes an anode and the steel
becomes cathodic which means that the zinc will preferentially sacrifice

itself thereby protecting the steel from corrosion. Minor holidays, thin
areas, or pinholes in the paint do not become sites of coating failure or
corrosion on the underlying steel because the steel is afforded protection
against rusting by the adjacent zinc coating.

Upon initial development, inorganic zinc coatings were of a post-cured variety
meaning that an acidic curing solution had to be applied over the initially
applied zinc silicate film. During the past decade, however, post-cured |
inorganic zinc coatings have largely given way to a newer self-curing type
which does not require the application of a curing solution. These coatings, ’
which are reported to display more tolerance for variation in the thickness of‘

|




the film than post-cured products, require a requisite curing time to permit
chemical reactions before the coating is placed in service. Some require
moisture to complete the cure. For these products, high humidity may be
introduced into tank spaces by the use of steam or water atomization or the
tank may be rinsed down with fresh water after application. Many ship
operators prefer the post-cured inorganic zinc over its apparent successor
gquoting hardness and longer life as their reasons.

The self-curing products are elther water-based or solvent-based coatings.
Water-based coatings have liquid components composed of colloidal silica or
alkali silicates such as potassium or lithium silicates.’ Solvent-based
coatings, on the other hand, are based on partially hydrolyzed alkyl silicates
in a solvent medium containing alcohols or aromatic hydrocarbons. Of the two,
water-based inorganic zinc linings must be applied within a narrower
temperature range, 40° to 100°F, while solvent-based products can be applied
in as low an ambient temperature as 0°F temperature or as high as 100°F.
surface preparation recommended for inorganic zinc coatings is commonly dry
abrasive blast to white metal with only a few manufacturers recommending near
white preparation. A surface profile of 1 to 2 mils is usually sufficient.
Inorganic zincs are most commonly applied over prepared surfaces in a single
coat of 3-5 mils film thickness resulting in perhaps the best adhesion
properties of any tank coating, owing to a chemical as well as physical bond
to the steel substrate. The paint consists of two components, zinc dust and a
silicate solution, which are mixed together. Constant agitation of the
mixture before application is required to keep the zinc in suspension for
uniform distribution. Application of these coatings, which normally cost from
$25 to $35 per gallon, is by conventional spray equipment. Coverage of
inorganic zinc coatings ranges between 185 and 210 square feet per gallon
assuming 40% wastage during spraying.

As with most coatings, there are certain limitations which must be observed
when considering inorganic zinc as a tank lining. Most of these pertain to
the cargo to which the coating is exposed.

All inorganic zincs have very low resistance to acids and strong alkalis and,
therefore, depending on the particular manufacturer, cargoes outside a range
of roughly pH 5 to 10 should be avoided. This means that service may be
severely limited in some crude oils. The suitability of inorganic =zinc
coatings for crude oil depends upon the degree and nature of sulphur contained
in the oil. This will be discussed in detail in a later part of this report.

Inorganic zinc coatings are in their most sensitive state immediately after
curing. The choice of cargo during this time can be an important determinant
of the life of the coating. One manufacturer recommended that solvent cargoes
be avoided and that cargoes which assist curing should be sought.
Unfortunately, in many instances, the ship operator is unable to do this.

Inorganic zinc coatings are suitable for the full range of petroleum products
from gasolines to heavy fuel oils as long as limits of acidic content are
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observed to prevent contamination of the cargo by zinc. Slight zinc pick up h
may occur when any zinc coating is used.
|

Inorganic zinc tank linings can be used for both cargo and cargo tanks which
intermittantly are used for saltwater ballast. They also find many uses in
ballast-only tanks with some applications reported to prevent steel o
replacement for as long as 8 to 12 years. Use of inorganic zinc for |
continuous saltwater immersion service in ballast tanks is usually not ‘
recommended by many paint manufacturers. Due its sacrificial nature, a zinc ‘
coating in saltwater experiences accelerated consumption of zinc, especially
in brackish and polluted waters. 1Inorganic zinc coatings, suitably top
coated, are reported to be acceptable for continuous saltwater immersion.

Both ship operators and paint manufacturers have also found inorganic zincs to
be irncompatible with inert-gas systems installed onboard many ships. 1In
certain cases, the zinc has been severely attacked in a very short time.
Further discussion of the effects of inert gas will be found in Chapter 4.

3.1.3 Epoxy Coatings

The second major type of coatings used for tank protection is that of epoxy ‘
coatings. There are three main types of epoxies that are used as tank
linings. These are amine catalyzed epoxies, polyamide epoxies and coal tar
epoxies. The categories are by no means all inclusive. An unlimited number
of combinations can be formulated that could be given the generic name epoxy. I

For corrosion to occur on bare steel,two conditions must be met; both oxygen
and an electrolyte must be present. It would be impossible to eliminate both ‘
oxygen and an electrolyte from a tank. But, since all three conditions must

be in direct contact for corrosion, if oxygen and the electrolyte can be {
prevented from coming in contact with bare steel, corrosion can be averted.
Epoxy coatings utilize this method of corrosion prevention by acting as such a
barrier.

Amine and polyamide epoxies see widespread use in marine applications because
they result in thick coatings with good adhesion and generally gyood resistance
to most cargoes. Epoxy resin paints are supplied as two components, a base
and a hardener, which must be mixed together prior to application. Curing of |
the paint to a tough, oil and water resistant state occurs by a chemical
reaction betweén the epoxy resin and the curing agent, amine or polyamide,
which forms the hardener. Epoxies can be applied to such a thick coat, 8 to

12 mils, because the chemical reaction does not require oxygen for its curing.
Amine and polyamide cured epoxies are normally applied in 2 or 3 coats |
depending on the percentage of solids in the coating. 1In order to ensure good
adhesion between coats, each successive coat should be applied before the
previous one has cured. ‘

Surface preparation for these epoxies usually consists of dry abrasive blast 1
to near white metal condition. Coverage of these paints, which range from 45




to 55% solids by volume, is normally about 120 ft2/gallon, assuming a 40% loss
factor. Special high build epoxies with a higher percent solids by volume, as
high as 80 or 90%, cover more than 200 ft2 per gallon. Amine and polyamide
epoxies form smooth, glossy surfaces and commonly cost between $16 and $20 per
gallon. Recommended application temperatures range from 60°F to 90°F.

Minimum acceptable temperature is commonly 50°F. The higher the

ambient temperature is, the faster the curing. The application temperature
range may pose a problem for many moderate-to-cold climate shipyards.

Amine and polyamide cured epoxies are suitable for cargoes of petroleum
products and crude oils as well as salt water ballast. Amine-cured coatings
are resistant to acids, alkalis, salts and moisture and result in a dense,
hard coating. Polyamide cured coatings, on the other hand, show excellent
registance to alkalis and water but are less resistant to acids and solvents
than the amine-cured type. Table 3-2 summarizes the relative properties of
each of the three main types of epoxy.

TABLE 3.2
Generic Type: EPOXYS8
Epoxy Epoxy Epoxy
Property Amine Polyamide Coal Tar
) |
Physical properties | Hard Tough ‘ Hard
Water resistance ! Good Very Good Excellent
Acid resistance Good Fair Good
Alkali resistance Good Excellent Good
Solvent resistance Very good Fair Poor
Temp. resistance Very good Good Good
Recoating Difficult Difficult Difficult
\
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These epoxies have two inherent properties which can contribute to premature
coating failure and rust formation. The first is the epoxies' tendency to

shrink which can pull paint away from sharp edges and corners. The second is
the forming of pinholes in the coating which can become sites of coating ‘
failure when penetrated by water. i

Coal tar epoxies, the third main type of epoxy, are considerably different
from regular amine and polyamide cured products. The coating is based on
epoxy resins modified with coal tar pitch. Like the other epoxies, this
coating is normally applied in 2-3 coats but the total film thickness is often
much greater, from 10 to 24 mils. A gallon of coal tar epoxy commonly covers
90 to 150 £t2, assuming a 40% loss factor. Surface preparation required is \
normally dry abrasive blast to a commercial or near white standard. Coal tar
epoxy is generally regarded as more tolerant of surface preparation \
imperfections than are regular epoxies. The coating usually ranges from 65 to
75% solids by volume and normally costs from $12 to $15 per gallor.

Coal tar epoxies have several advantages and disadvantages which a2 ro
shared with their regular amine or polyamide-cured counterparts. ¢*ance
to water is exceptionally good which is why it is widely used as & last
tank coating both domestically and abroad. This use may, however, e in
the future due to health considerations at shipyards where the mater ' is

applied. Coal tar epoxies have been reported to be carcinogenic and many yards
now refuse to apply the coating for that reason. Its black or dark coulor also
has caused concern among users because it is difficult to inspect for stress
cracks in a tank coated with coal tar epoxy. At least one company has now
developed a light-colored coal tar epoxy that alleviates this problem.

| 1
Unlike regular epoxies, resistance to solvents is poor for coal tar epoxy-.
For this reason, refined products should not be carried in a tank so lined
because the coal tar pitch would cause contamination of the cargo. Coal tar
epoxy is also reported to be suitable for some crude oils.

3.1.4 Soft Coatings

Another form of protection for certain tanks is provided by soft o:
semi-permanent coatings. These are offered in many different form many
different manufacturers. Although they have yet to receive widespr s
acceptance by ship owners, soft coatings do possess several properti which
prove attractive.

Manufacturers report that soft coatings can be applied during new construction
or to a ship already in service. When applied to existing vessels, soft
coatings have the advantage of not requiring extensive surface preparation as
do conventional tank coatings. The minimum surface preparation acceptable to
most of these coatings amounts to little more than removing all loose scale
and mucking out all silt and debris. Removal of loose scale can be |
accomplished by hand or by water blasting. Several soft coatings can be !
applied even while the tank walls are still damp. No dehumidification
equipment is necessary.
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Application of soft coatings to tank surfaces is by one of two methods. Some
allow either. The first method is by conventional spray equipment. The
second is known as floatcoating. Floating the material on involves dumping a
large amount of material onto the surface of the water in a tank as it is
slowly ballasted and deballasted. As the level rises and lowers, the walls
are coated with the material. The process is easily done in a vessel underway
and requires very little time or manpower but does require about twice as much
material to coat a tank as spraying would require.

Many of the soft coatings available are a petroleum or petroleum derivative
based product. They often include corrosion inhibitors and have a platelet,
or fish-scale structure which prevents the transmission of moisture. These
coatings are applied in a single coat to a film thickness of 4 to 6 mils and
cover 100 to 400 sg ft per gallon depending on their percentage of solids.
This type of coating may also possess a polar property which aids adhesion and
prevents excessive loss of film from sloshing of tank contents. Another type
of soft coating, composed of lanolin and applied to a film thickness of up to
80 mils, is reported to displace moisture and undermine present corrosion
products until they fall from the tank surface. The film then prevents
further corrosion of the steel substrate. Coverage of this type of soft
coating is 20-22 sg ft per gallon.

All soft coatings are formulated for salt water immersion only and find their
main application in permanent ballast tanks. They are usually delivered ready
for application with no mixing required. The soft coatings range from 50 to
100% solids by volume and cost anywhere from $1.50 to $10.00 per gallon,
inexpensive by normal coating standards. '

These coatings are sometimes categorized as semi-permanent because their
protection does not last as long as conventional coatings. Most estimates of
service life are about two years although one type has been reported
successful in applications as long as 10 years. Some require periodic
renewing to maintain corrosion protective properties. This usually consists
of adding an amount of material during normal ballasting.

As their generic name implies, soft coatings do not cure to a hard, dense film
like conventional paints used in tanks. Instead, they remain soft and, as
such, cannot be used in areas of high abrasion. Many ship operators and
shipyards have reservations about such a slippery environment during
inspections, repair, etc. but most soft coating manufacturers say that, with
time, their coatings set up enough so that inspection and moving about in the
tank is not a problem.

Most soft coatings can be applied after conventional coatings have experienced
failure to protect the steel against further corrosion. This is of particular
benefit when an owner intends to sell a ship in the forseeable future and does
not want to spend the large sum of money necessary to blast and recoat and
incur the accompanying out of service time. Soft coatings could also be used
as a stop gap measure to delay corrosion until the ship is scheduled for major
repairs.

|
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3.2 SACRIFICIAL ANODES ? ‘

3.2.1 General

Sacrificial anodes, one of two main types of cathodic protection, are commoniy
used to protect cargo-ballast and ballast-only tanks from corrosion.

Impressed current cathodic protection systems, the other type, are not used un
tanks. A sacrificial anode may be defined as a metal less noble than another
metal to which it is electrically connected.? 1In the presence of a suitable
electrolyte, the sacrificial or galvanic anode goes into solution at a ‘
disproportionate, accelerated rate compared to its normal rate when'exposed
alone to the same electrolyte under the same conditions. The anode, thereby,

economically protects the metal to which it is attached.
|

There are several metals which make suitable anodes for steel tanks. The

metals are cast into various shapes with steel cores for support and ’
attachment and are placed by some means into a tank which contains a suitable
electrolyte, salt water ballast in the case of ships. The anodes cause a
current to flow between them and the steel. The longer the anode is in
length, the higher the current output and the smaller the number of anodes
needed to protect a tank.19 The larger the cross sectional area an anode has,
the longer its useful life.

There are three methods of attaching the anodes to the steel inside a tank ‘
that are acceptable to classification societies. These are: }

1. Welding directly to the tank structure.
2. Clamping directly to the tank structure.
3. Bolting to pads welded directly to the tank structure. \

Welding is the least expensive method to use on new construction.1? This metAod
provides the most secure attachment with the least chance of a loss of

contact. Clamping is the least expensive method of initially attaching anodes
on existing ships although some ship operators have reservations about the
security of such an attachment. Bolting anodes onto welded pads is a \
compromise between welding and clamping. Although bolted anodes take longer

to install initially, their replacement is easily accomplished without hot ‘
work. “

Most anodes are designed for a life of three to four years under normal 1
conditions although they can be designed for as long as ten years if desired.
Replacement should occur when the anode has reached about 85% consumption. |
The most significant factor influencing the life of sacrificial anodes is the
amount of time that the tank is in ballast. Since anodes are only active
during ballast cycles the greater the amount of time the tank is in ballast,l
the shorter the life of the anode. Most ships spend an average of 30% to 40%
of their time in a ballast condition.

The amount of time in ballast is also the most important factor in determiniqg
the effectiveness of anodes in preventing corrosion in a tank. Anodes can |
only reduce corrosion of steel when ballast water is present. They ‘




can afford no protection to an empty tank or to one completely full of cargo.
It is, however, during times when a tank is empty that a significant amount of
tank corrosion may occur. Following tank washing or deballasting, the
corrosion rate due to a corrosive salt water atmosphere is considerably
greater than the rate which exists when the tank is in a ballast condition.
Protection by anodes is, therefore, greatest in a tank that is ballasted the
largest percentage of the time and least effective in a tank that spends the
least amount of its time in ballast. The quality of the ballast can also be a
factor. Quality in this case refers to its salinity and the amount of
contaminants it contains.

In a cargo ballast tank, the type of cargo can affect anode performance. When
cargo, especially heavy crude oil, is carried in a tank eguipped with anodes,
the anodes tend to become covered with a thick, waxy film which affects
protection. In a clean ballast tank, one which is washed of cargo before
being ballasted, the washing helps clean many anodes but in a dirty ballast
tank, one which is not washed prior to ballasting, the film remains on all
anodes. Under these conditions, anodes take time to stabilize and polarize
the area before full protection can occur. This can take anywhere from one to
four days depending on the anode material and the thickness of the oil film.
It is for this reason that many ships traveling short coastal routes do not
use anodes. Their ballast times are so short that they either do not allow
enough time for the anodes to reach potential resulting in no protection or,
if they can stabilize, not enough time remains for effective economical
protection.

As stated earlier, anodes must be wholly immersed in ballast water to be
effective. One area of a tank that may not allow this condition to occur is
the deckhead, or overhead plating and structure of a tank. Since it is almost
impossible to press a tank completely full, there is usually space, the ullage
space of a tank, that is not fully immersed. Anodes cannot adequately protect
these overhead areas of a tank which are commonly regions of high corrosion
incidence. Therefore, other protection means must be employed. The most
common practice is to coat the entire overhead and about two meters down on
the sides. In the case of a tank that is usually only partially ballasted,
the coating should extend down to below the expected ballast waterline for
optimal protection.

Another area which can need special attention is the tank bottom. There is
commonly a layer of water below the cargo which may be from an inch or two to
a foot in depth. This layer consists of water which remains in the bottom of
the tank after deballasting or salt water washing and water which is contained
in the cargo. Corrosion can occur in this layer during the cargo cycle.
Anodes designed to protect the bottom are usually located at the top of
longitudinal and transverse structural members and, as such, are often
ineffectively immersed in the cargo above the water. Several ship operators
are now positioning anodes on the vertical webs of structural members at an
angle so they are immersed in the water layer instead. Another solution
involves the use of strip or ribbon anodes installed on the tank bottom




plating which can also provide protection to the tank bottom when a layer of
water exists.

Sacrificial anodes can provide either of two main types of protection in tankL
- primary and secondary. Primary protection occurs when anodes are installed
on bare steel surfaces as its only means of protection. When anodes are
installed for primary protection it should not be assumed that the tank will
remain corrosion free. At best, corrosion will be reduced about 80% compared
to a similar bare tank with no anodes installed.?'} Secondary protection
exists when the anodés are installed on coated surfaces as back-up protection
for the paint. 1In this type of service, the anodes will protect against
corrosion which may occur due to pinholes, holidays or porosity in the }
coating. Anodes may also be used as a form of coating repair. This occurs
when anodes are retrofitted in areas of significant coating failure to afford
protection which the coating can no longer provide.

Anodes function by generating an electromotive force which opposes the
electromotive force of the corrosion cell which exist in a tank, thus
polarizing the tank area and controlling corrosion. 2 The amount of current |
required for protection is influenced by several factors including propertiesl
of the water such as salinity, temperature, etc.; the condition of any ‘
coatings present; and the location. <Current requirements vary coansiderably,
not only from tank to tank but from area to area within a tank. Highest
current density requirements exist on the tank bottom and horizontal |
surfaces. 13

Current demnsity requirements, usually expressed in milliamps per square foot |
or square meter, are best estimated from past experience. Overprotecting

an area does not affect the protection provided but it can be the cause of
unwanted side effects such as coating damage. The degree of overprotection
allowable is dependent on the likelihood of these side effects occurring. ’
A sacrificial anode system of any one of several materials can be designed to'
provide a specified current density. The difference between the use of
different types of metal lies in the resulting quantity requirements, weight,
dimensions and degradation rate of each anode based on its driving voltage,
current output, density and efficiency. The economics of achieving desiread \
protection in a given tank, in conjunction with applicable rules and ‘

regulations, is the major deciding factor between anodes of different ¥
materials.

The principal commercial anodes which have been used in tanks consist of
alloys of magnesium, zinc and aluminum.

3.2.2 Magnesium Anodes

\
During the 1950's and early 60°'s, Magnesium anodes were used for cathodic ]
protection in cargo/ballast and ballast tanks aboard tankers. During this
time, magnesium anodes were reported to be effective in controlling not only
general corrosion but also localized pitting on horizontal surfaces. 4 The




situation changed, however, in 1964 upon announcement by the USCG that
magnesium anodes were no longer allowed in tanks carrying volatile hydrocarbon
cargoes. The ban was due to a series of tanker explosions whose origins were
suspected to be due to incendive sparking by anodes. It was believed that the
sparks were caused by anodes, whose connections had failed, falling and
striking the metal below. Tests were conducted and, as a result, the use of
magnesium was banned due to its potential explosion hazard. Although the ban
concerned cargo tanks only, use of magnesium anodes in ballast tanks also
declined. This was due to significant evolution of hydrogen gas by the anodes
and magnesiums tendency to overprotect steel immediately adjacent to the
anodes. This overprotection was evidenced by heavy calcereous salt deposits
and was due to magnesium's high driving voltage and current output. Magnesium
anodes do not see use in tanks today.

3.2.3 Aluminum Anodes

Although initially banned along with magnesium, aluminum anodes are now
allowed with certain restrictions on their use. Aluminum anodes, first used
in cargo/ballast and ballast tanks during the early sixties, are now
restricted as to the height of their installation. Regulations state that
they can be used in cargo oil tanks as long as their potential energy does not
exceed 200 ft-1b}® This means that a 50-1b aluminum anode can be installed
no more than four feet above the tank bottom. Recent interpretations of this
restriction now permit aluminum anodes to be installed higher in the tank if
np" shaped horizontal stiffeners are used which would cradle the anode and
prevent it from falling to the tank bottom if its means of connection failed.
Aluminum anodes have been successfully installed in ships tanks both
domestically and abroad.

Aluminum anodes are reported to possess advantageous properties. One is its
self-cl: aning ability. After being immersed in crude oil for days, aluminum
anodes -7 wick to stabilize current output, an important quality for
cargo/l.ailas: tanks. Another advantage is their density. Considerably less
anodes ¥ < :minum would be required to provide the same protective current as
the sane 5 - zinc anodes. Aluminum has a driving voltage similar to zinc but
a cur:1~ * o.tout higher than either zinc or magnesium.

3.2.4 Zi-.. Anodes

Unlike magnesium or aluminum, zinc anodes are not subject to any restrictions
on their use or installation. Anodes of zinc have been in use since the
sixties and still are probably the most widely used type of anode in tanks
today. They do not generate hydrogen gas or overprotect steel like magnesium
anodes and, unlike aluminum, they can be installed at any height or location
but they do have two inherent disadvantages. The first is their weight.
Considerably more anodes are required to provide the same protective current
as magnesium or aluminum which increases the weight of the vessel. Zinc is
also more susceptible to suppression by oil film than other anodes.




3.3 FULL SCANTLINGS

One method of corrosion control is to simply use full scantlings alone or in
conjunction with a corrosion-protection system during initial construction.
All classification societies now allow a reduction in scantling requirements
on new construction if an approved corrosion control system is employed. &
summary of classification society rules and regulations pertaining to tanker
internal corrosion control is located in Appendix A. However, once this
reduction is taken a great deal more reliance must be placed on the
performance of the corrosion-control system. If the system should fail or
otherwise prove ineffective, there is very little allowance for corrosion
before classification societies would require expensive steel renewal. Many
ship operators now prefer to use full scantlings in conjunction with corrosion
protection as double guarantee that steel replacement will not be required for
many years. When the system fails, the ship operator has much more time to
decide on his next course of action and when it should be accomplished.
Several ship operators also cited maximum structural strength as an added
incentive to use full scantlings.

3.4 OTHER SYSTEMS '

Many other methods of internal corrosion have been tried over the years. Most
came into use before coatings had received widespread acceptance. One system[
involved the use of inhibitors, chemicals added to cargo and ballast water to!
prevent tank corrosion. O0il soluble inhibitors, added to cargo oil,

proteéted tanks when they were full and may have afforded slight protection to
empty tanks. Excellent results were reported during the early 1950's16 but due
to several drawbacks their use was discontinued. The cost of water-soluble
inhibitors for the treatment of ballast water was reported to exceed the cost
to replace steel itself.1? 0il-soluble inhibitors proved less expensive but
still required additional apparatuses to be maintained and additional
responsibilities for the crew. ‘

Another means of corrosion control was provided by dehumidification systems
which were tried experimentally on some ships to prevent atmospheric corrosion
within a tank. It was claimed at the time that by holding relative humidity
below 50%, corrosion could be reduced by 80%. The disadvantages of the system
were the cost and required upkeep of equipment and the fact that it was not
effective in ballast conditions.

A reduction in atmospheric corrosion was also the goal of spray systems. 1In
these systems, sodium nitrate or sodium dichromate solutions were sprayed

by fixed spray nozzles in each tank after unloading.18 Often wetting agents
or other additives were included in the solution to improve characteristics.
Again, the cost and added work for the crew apparently proved excessive
although promising results were reported.




Use of fresh water instead of salt water for tank washing or rinsing has also
been reported to mitigate tank corrosion. However, use of fresh water is
impractical for most ships.

Although all of these methods have been reported successful to some degree in
reducing tank corrosion in the past, none were reported as still being
practiced by ship owners today.




CHAPTER 4

FACTORS AFFECTING CORROSION CONTROL

4.1 TANK WASHING

Tank washing can be an important factor both in the amount of corrosion which
occurs in a tank and in the performance of corrosion-control methods. Tanks
are washed to prevent product contamination and to prevent excess accumulation
of sediment in the bottom. Tanks, typically, are washed whenever a tank is
scheduled to carry a cargo cleaner than its last cargo, whenever a ship goes
into a dry dock for inspection or repair and periodically to prevent the
accumulation of sediment. Tank washing may range in thoroughness from
draining only the previous cargo to caustic steaming, hot-water washing and
gas freeing the tank. The extent of tank washing required depends upon the
likelihood of contamination of the next cargo by residual amounts of the
previous cargo.

Until recent times, the only type of tank washing used on ships was salt-water
washing. This was accomplished by fixed deck-mounted tank washing machines
which spray high pressure streams of hot or cold water throughout a tank.
These tank washing machines usually contain one or two nozzles which rotate
about two planes simul taneusly. The cleansing effect on various areas of a
tank depends on the distance from the nozzle and the angle of impact. The
amount of tank washing required depends on the characteristics of the previous
cargo carried. Tanks carrying gasoline, a light petroleum product, are
relatively easy to clean. Cold-water washing may suffice in these tanks but
crude oil tanks are much more difficult to wash. The tanks usually require
hot-water washing, often 135° to 180°F, and may require the use of chemical
detergents to sufficiently free the tank of cargo.

Salt-water washing affects tank corrosion in two ways. The first is due to
the thoroughness of the washing. Cargoes of crude o0il and some refined
products leave an oily or waxy film on tank surfaces. This film can actually
prevent corrosion of the steel. However, when the tank is washed, this film
is washed away in areas that are hit by the water stream directly. Other
areas, shaded by structural members or perhaps hit with less forceful spray
due to their distance from the nozzle, still retain their film. This
incomplete washing may cause corrosion to occur at areas of bare steel later
exposed to salt water ballast or a moist salt atmosphere.

The other way salt-water washing affects corrosion is by the mere fact that
salt water is being introduced into the tank. The warm, moist, salt-laden
atmosphere which remains after hot, salt-water washing is ideal for corrosion
to occur. Cold-water washing is reported to result in less corrosion than hot-
water washing. Corrosion of refined product tankers is greatest in tanks that
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are washed the most. After salt-water washing, a certain amount of water,
often several inches deep, usually remains in the bottom of tanks. This water
is left because the tank stripping system is unable to empty the entire bottom
area of water. This remaining water is left to contribute to bottom pitting
COrroslione.

One of the biggest advantages of protective coatings is that they allow tanks
to carry a wide range of products because coated steel can be more easily
cleaned between cargoes than heavily corroded bare steel. The smoo ther the
coating surface is, the more it facilitates tank washing. But, while aiding
tank cleaning, the salt-water tank washing may have detrimental effects on the
protective coatings. Tank washing, to allow a tank to carry a clean product
after previously carrying a dirty one, may last for days.19 During this time,
the coating in a tank is subjected to high temperature, high pressure {(as high
as 200 psi) bombardment by salt water and also a moist, heavy salt atmosphere.
This comes at a time when the coating is weakest from heat, chemical attack,
thermal stress and ionic pressures.

Different coatings react differently to this condition, but, in most cases, the
end result is to cause, or at least, aggravate deterioration of the coating.
Possible effects on coatings due to the high pressures, high temperatures, and
chemical additives used in tank washing include depletion by chemical
conversion of inorganic zinc coatings and the delamination, release frowm
substrate, shrinkage by over curing, thermal stress, oxidation, discoloration,
softening and staining of organic paints.19 |

|
Although salt-water washing has been practiced for years, many crude oil

tankers are now converting to crude oil washing (COW). A timetable listing
compliance dates for crude oil washing systems and inert-gas systems (1IGS) is
shown in Figure 4=1. This type of tank washing is similar to salt-water
washing except that crude oil is used as the washing medium. Impingement of
the crude oil on tank bulkheads and internals cleans off accumulated sludge
and oil residuals. COW has the effect of putting oily residues back into
suspension so they can be collected by the stripping system and discharged
ashore along with the rest of the cargo. Primarily a pollution prevention i
measure, COW eliminates the discharge of dirty ballast overboard after each
tank washing. This type of tank washing is used only for crude oil carriers.
No type of cargo washing system is used on board product carriers.

Crude oil washing has no direct effect on corrosion but its indirect benefit
is a significant reduction in the amount of seawater a tank sees. Ships using
COW should experience less tank corrosion than similar ships with salt-water
washing. Under normal conditions, the only time seawater washing would be
required for a cargo-only tank is when the ship goes into dry dock for
inspection or repair.




Although no direct effects on corrosion have been noted, two ship operators
did@ report instances of erosion of tank walls due to COW. The wash stream

from COW apparently has sufficient force of impact to engrave visable spray
patterns in steel. COW, in the case of one occurance, operated at 200 psi.
As tank sizes increase, pressures must be increased to adequately clean the

entire tank so that after several years of COW areas near the nozzle in the
upper portions of a tank may show such effects.

FIGURE 4-120

IG AND COW COMPLIANCE SCHEDULE |

EXISTING TANKER FLEET 1978 ! 1980 1981 1982 1983 1984 1985
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20000 Approx 52% of the C. O. W. Not mandatory for tankers below 40,000 DWT

10 present tleel | l |
40,000 5% Already fitted.
D.W.T. Approx 43% couid

1. G. 5. Mandatory when high capacity washing machines fitted, 1

require fitting by 1985,
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4.2 Inert Gas

I
An inert-gas system (IGS) must be installed on all tankers over 70,000 DWT by

mid-1981. Complete compliance dates for installation of inert-gas systems are
shown in Figure 4-1. These systems are required to prevent explosions, but usé
to date indicates that they also have an effect on tank corrosion. Inert gas
systems basically remove an unsafe atmosphere initially in the tank and
replace it with a safe atmosphere with an oxygen content of no greater than
11% which makes it impossible for combustion to occur.

There are two main types of inert-gas systems in use today. The first is \
known as a flue gas system. These systems are used on board crude carriers to
supply inert gas during discharge, gas freeing, purges and also for inerting }
of void spaces and topping off during voyages. Flue gas systems utilize
scrubbed flue gas from the ships boilers. The gas is scrubbed to remove soot
and other particles and then transferred to cargo tanks by a network of piping
from a central blower. The other type of inert-gas system is the independent
inert-gas generator common on product, ING and chemical carriers. Gas
generated by this source is cleaner than flue gas. The composition of both
flue and independently generated inert gas is shown in Table 4-1.

TABLE 4.1

INERT GAS COMPARISONZ!

FLUE GAS IND. GEN. GAS ‘
1
0y 2-5% 09 1-2% \
co, 12-14.5% co, 14.5%
50, 250 ppm S0, 10 ppm |
Solids 1 mg/Nm3 Solids 0

\
i
\
While most ship operators agree that inert gas has an effect on tank }
corrosion, their opinions differ as to whether that effect is positive or
negative. Still others believe its effect on corrosion deserves more study '
before a conclusion can be reached.

Information available from ship operators and other sources indicate that an ‘
inert-gas system can, depending on its type, application, upkeep and gas \
quality, either aggravate corrosion conditions or minimize them. It has long
been recognized that by reducing the oxygen content of a tank, one of several
elements vital to the occurrence of corrosion, corrosion can be reduced. ‘
However, while reducing oxygen content to below 5%, inert gas may also i
introduce corrosive elements into a tank. Sulfur dioxide (S07) and sulfur {
trioxide (503) contained in inert gas can combine with the warm moist




atmosphere in a tank to form sulfuric acid which can cause accelerated
corrosion of either bare or coated tank surfaces.

The inert gas can have a direct effect on inorganic zinc coatings commonly
used to protect tank interiors. Most ship operators are in agreement that
inert gas and inorganic zinc coating are not compatible. It is believed that
this incompatibility is due to a reaction between the inorganic zinc and the
sulphur oxides present in the gas. Failure rates vary greatly from total
failure in six months to slow degradation of the coating lasting for several
years. This may be due to the type of inert gas used. Flue gas has a much
higher composition of sulphur oxides (250 ppm for flue gas compared to 10 ppm
for generated gas) which may help to explain the disparity among degradation
rates. Coating manufacturers do not recommend the use of inorganic zinc
coatings in inerted tanks.

On the other hand, many studies have found inert gas to have a beneficial

effect in reducing tank corrosion, at least in the top and upper most portions

of the tank. The British Ship Research Association (BSRA) reported in 1975

that tests indicated that inert gas decreased corrosion of the deckhead, in

one case, from 290 grams per annum (gpa) to 145 gpa and 115 gpa to 85 gpa at

tie beams.22 BP Tankers of London reported that their measurements show a

very low corrosion rate in upper levels of inerted tanks. 12 The Ship

Research Institute of Norway also made tests on a Norwegian carrier in 1976 !
which found a 50% reduction in corrosion of the tank top compared to a

non-inerted ship, although it was not established conclusively that the

reduction was due to inert gas.23 Lloyds Register waives requirements for

coating all surfaces above the normal ballast or cargo level when an inert-gas

system is installed and in use on a continuous basis.?4 1In this country, Sun

Shipping found that, although added to ships as a safety feature, inert gas .
resulted in an unexpectedly advantageous variance in internal steel

replacement schedules compared to non-inerted ships.25 Most of these sources

agree that inert gas has rust preventative properties only above the normal

cargo level and that inert gas does not prevent localized pitting of

horizontal surfaces.

The best conclusion that can be drawn from this wide range of opinions appears

to be that inert gas can, under certain conditions, reduce corrosion in the

upper most portions of a tank. The factor which appears to be most

influential on this effect is the quality of the inert gas, in particular the

amount of sulphur oxides it contains. This composition varies from system to

system. Generated gas is of better quality than scrubbed flue gas. The

quality of gas generated on board a single ship may also vary significantly.

The ability of an inert-gas system to remove sulfur oxides depends upon wmany

variables including the sulfur content of the fuel burned, seawater

temperature, scrubber design and oxygen content. Various operational

problems of the system can also affect the quality of gas generated, such as

maintenance and repair of parts. Tests conducted in Germany concluded that

S0, should be reduced to approximately 0.02% by volume in order to produce
I
|
\
\

corrosion rates considerably smaller than the rates experienced in an open




atmosPhere.26 To accomplish this, a cleaning grade of 88% is necessary for a
cargo oil containing 3.0% sulfur by weight.

4.3 CARGO

I
Certain properties of a cargo have the ability to contribute to corrosion inia
tank. 1In crude oil, the most significant corrosive component is the hydrogen
sulfide which it contains. Most oils contain some hydrogen sulfide (H5S) but
oils which have especially high concentrations of it, called sour crudes, are
cause for special concern. Ship operators and oil technologists, alike, |
usually fail to distinguish between sour crudes and high sulfur crudes. The1
distinction is important because many high sulfur crudes are not sour. Crude
oils from Alaska are reported to be one example. Conversely, other lower |
total sulfur oils are sour. Crude oils which contain 6-10 ppm or more \
hydrogen sulfide as a liquid in solution are considered to be sour.27,28
Sour crude nils also deserve attention because hydrogen sulfide is both
poisonous to personnel and can be corrosive to steel. It is important to
appreciate that the hydrogen sulfide content of crude o0il refers to a liquid
percentage and that the same percentage when in atmospheric conditions can
increase dramatically.27 For example, a sour crude with 300 ppm of HyS can
produce 4000 ppm or more in the ullage space of a tank. Hydrogen sulfide is
often present in substantial quantities in Middle Eastern crudes.

Crudes high in sulfur also contribute to tank corrosion. The sulfur compoundé
present may react with water and oxygen to produce sulfuric acid which is
corrosive to steel. The layer of water beneath high sulfur oil is very acidic
and may lead to general and pitting corrosion of the tank bottom.22 similar
pitting may result on any reasonably horizontal structure where acidic water
is able to become trapped.

The acidic water is especially harmful to coatings. It penetrates any

imperfection in the coating and initiates corrosion of the metal at that ‘
point. Inorganic zinc coatings are not resistant to acidic liquids and, (
therefore, are not recommended for use in tanks carrying sour and/or high \
sulphur crude oils by paint manufacturers. ‘

The carriage of high sulphur oils also has other effects on a tank. After a |
vessel has carried several successive cargoes of high sulfur crude, scale on
the sides of the tank may become impregnated with sulfur. The compound formed
is pyrophoric iron sulfide.2’ The presence of iron sulphide makes surface
preparation difficult when the time comes for blasting and recoating the
tank.2% Problems due to high sulfur content may be even more widespread in
the future because as the world demand for oil grows it is becoming necessary
to use oils with greater sulfur content to supply the demand.

The water and oxygen in a cargo tank is available to contribute to tank
corrosion. Crude oils contain varying amounts of water, and gasoline has been
reported to contain up to seven times as much dissolved oxygen as seawater.zgi




4.4 OTHER FACTORS

Numerous other factors can also affect tank corrosion and corrosion-control
methods. Some of these that have been reported by ship operators play minor
roles while others, in certain circumstances, can prove significant. One
cause of coating failure is mechanical damage. This results from wear and
tear caused by crew members or other personnel walking and moving about the
tank. Mechanical damage is also possible when tanks are mucked out.

Condensation and sweating in tanks due to the heating and cooling of tank
walls can lead to increased general corrosion. One ship operator reported a
higher than normal incidence of general corrosion in wing tanks on only one
side of the ship. The problem went unexplained until it was noticed that the
coastal tanker, following a daily north/south route on the east coast, always
had the same side of the ship toward the mid-day sun.

The amount of oxygen available is another factor determining corrosion.
General corrosion of both plating and stiffeners has been reported to be worse
nearest hatches and other tank opening which sometimes receive an inflow of
fresh air.

The amount of maintenance performed by the ships crew can affect the life and
effectiveness of protective coatings. Although few ship operators reported
practicing regular maintenance, paint manufacturers recommend it to ensure
long coating life. Touchup work is most easily performed on the tank bottom.
Periodic inspection of anode connections guarantees the optimum protection of
sacrificial anodes in a tank. One ship operator reported the increased
occurance of coating deterioration on shell plating which was protected on the
outside hull by an impressed current cathodic protection system. It was
hypothesized that the impressed current had the effect of drawing moisture
through the interior tank coating which resulted in coating failure.

In one case, pitting of the tank bottom occurred primarily under fixed salt-
water tank washing machines. The ship operator suspected that the tank
washing nozzles dripped constantly during long periods when the tank was
empty, causing the pitting beneath them.

The last factor that was reported as affecting corrosion and corrosion-control
systems is abrasion on the tank bottom which affected the tank coating in that
area. Sand, sometime contained in crude oils, can settle to the bottom and
cause slight erosion by constantly sloshing back and forth in bays between
structural members.




CHAPTER 5

CORROSION-CONTROL SYSTEM PERFORMANCE

5.1 TYPES OF TANKS

The performance of the various corrosion-control systems is highly dependent
on the use of the tank in which it is employed. Therefore, discussion of
corrosion-control system performance wust be categorized according to the
particular type of cargo carried and/or the amount of time spent in ballast,
if any. In this regard, there are numerous different classes of tanks aboard
ships today. For the purposes of this study, there are three main ones.
These are cargo-only tanks which see a minimum of salt-water ballast,
cargo/ballast tanks which carry both cargo and ballast and ballast tanks
dedicated to the carriage of salt-water ballast only.

Until recently, almost all tanks fell into the cargo/ballast tank class but
under recent IMCO (Intergovernmental Maritime Consultative Organization) rules
many ships have, or will be, converted to segregated ballast arrangement.
Ships meeting this regulation must have tanks, separate from cargo tanks,
dedicated solely to the carriage of ballast. However, this does not mean that
cargo tanks will never carry ballast; some will and some may not. Certain
cargo tanks can be used to carry storm ballast. Storm ballast is the
additional ballast required to increase stability of a ship to a safe level
during heavy seas. Most ships use the same tanks for storm ballast each time
the need arises. Some ships, depending on their trade route, carry storm
ballast a significant proportion of their time. The other class of tank,
cargo-only, is never used for the carriage of storm ballast or normal ballast.

In this evaluation, five types from the three classes of tanks will be
considered. These are:

1. Crude oil cargo-only tanks

2. Crude oil cargo/ballast tanks

3. Refined product cargo-only tanks

4. Refined product cargo/ballast tanks
5. Ballast-only tanks

5.2 TYPES OF CORROSION

In general, there are two main types of corrosion which control systems must
deal with in tanks. The first is known as classical, or general, corrosion.
General corrosion is surface rust which appears uniformly on tank internal
surfaces. The second type of tank corrosion, deep pitting, refers to
cavities, or pits, which develop on horizontal surfaces. Pitting is a
localized form of tank corrosion.




5.3 CORROSION=CONTROL PERFORMANCE IN TANKS I

5.3.1 Crude 0il Cargo Only Tanks

Crude oil cargo-only tanks see a minimum of salt water since the tanks are
usually crude oil washed. They can be expected to see salt-water washing only
before they need to return to dry dock for inspection or repair. The tanks
should not see any normal or storm ballast except in extreme emergency. |
Because the amount of salt water seen by a tank is the major factor in tank E
corrosion, crude oil cargo-only tanks experience the least corrosion of all
tanks. The tanks are usually covered internally with a protective film of oi%
and are often inerted.

General corrosion may occur in the uppermost regions of the tank, the deckheaé
plating and structure. This corrosion is reported to be less in tanks which
are inerted. Vertical bulkheads and shell plating experience mild general
corrosion, at worst.

Pitting is most frequent in the lower portions of the tank. It is common on
the tank bottom and upper horizontal flat surfaces of internal structure,
especially in tanks carrying sour crude which are high in hydrogen sulfide
content. In crude oil cargo-only tanks, pits are usually larger in area than
they are deep. Pitting is usually associated with salt water. In these |
tanks, there are two sources - the infrequent tank washing and the water found
in the crude oil itself. Any salt water in a tank will either be trapped on
the horizontal surfaces of tank structure or collect on the tank bottom.

Ship owners usually leave such tanks bare or coat the tank overhead and six
feet down on the sides and/or the hottom and six feet up on the sides.
Inorganic zinc coatings are vrecommended only if it is ascertained that the
cargo will be sweet, that is, relatively free of hydrogen sulfide and that the
tank 1is not to be inerted. The life of properly applied inorganic zinc !
coatings can reach twelve years or more in tanks that meet these conditions.

Epoxy or coal tar epoxy coatings are also used in crude oil cargo-only tanks.
They can withstand the occasional salt water that the tanks see as well as
resist inert gas and sour cargoes. Life of these coatings ranges from
approximately seven years to a maximum of ten to twelve years with 5 to 30%
wastage.

Still other owners prefer not to coat the tank at all. Instead, they leave
the steel bare and rely on the fact that due to its low corrosion rate the
tank will go many yedrs, possibly the life of the ship, before steel
replacement will be required. Because a true cargo-only tank will see salt
water such a small percentage of its life, the use of anodes is not common.




5.3.2 Crude 0il Cargo/Ballast Tanks

Crude oil/ballast tanks are of two types, dirty ballast and clean, and
corrosion-control performance varies according to each. Traditionally, dirty
ballast tanks have been prevalent. Dirty ballast refers to the fact that
cargo tanks are not salt water washed before ballast is introduced. But now,
due to stricter environmental pollution regulations, ships are, or soon wily
be, required to wash cargo tanks before carrying normal or storm ballast.
This way, the ballast, which will later be discharged overboard, will not be
contaminated by the cargo oil previously carried.

In crude oil cargo/ballast tanks, crude oils tend to coat tank internal ,
surfaces with an oily, waxy film which can effectively protect the steel from
corrosion. In clean ballast tank, the integrity of this film is broken when
the tank is cleaned by high pressure washing machines. The surface of the
tank is washed clean in some areas while others still remain covered. This
situation causes a corrosion cell to occur between the bare areas which act as
anodes and the coated areas which act as cathodes on a local scale. As a
result of this, and the fact that areas washed clean of film are now
vulnerable to atmospheric corrosion, clean ballast tanks tend to suffer more
from corrosion than a dirty ballast tank. Dirty ballast tanks are afforded
better protection from their oil films.

The underdeck area of a crude oil/ballast tank is subject to corrosion both
when it is empty and when it is full of either cargo or ballast water. When

it is empty, the area is subject to a highly corrosive, moist, salt-laden

atmosphere. Oxygen is readily available high in the tank from hatches, vents w
and deck openings. An inert-gas system can reduce deckhead corrosion in tanks
so equipped. When the tank is full of cargo, corrosion results from the same
causes in this area because the deckhead is not protected by an oil film.

The situation is aggravated when the cargo is sour crude because hydrogen
sulfide emanating from the cargo causes an even more corrosive atmosphere in
the ullage space. The deckhead of most cargo/ballast tanks is subject to
severe general corrosion. Without protection, much of the underdeck plating
and structure will require replacement in six to twelve years. The actual
time before replacement is dependent on the allowance for corrosion built into
the scantlings, the HyS content of the oil, the frequency of tank washing and
the amount of time in ballast. Vertical bulkheads and shell plating usually
experience mild general corrosion.

When the tank is full, corrosion is relatively inactive below the level of the
cargo surface. The only exception to this is the bottom of the tank which is
highly susceptible to deep pitting corrosion in the thin water phase commonly
found beneath the cargo. Pitting may also occur on horizontal surfaces of
structure where ballast and wash water may become trapped. Deep pits in cargo
ballast tanks vary in size and density but may be 3/4" deep in unprotected
sour crude/ballast tanks after seven years.

B3]




If the tanks are washed with crude oil rather than salt water, a general -
decrease in the tank steel corrosion rates will be experienced. Crude-oil
washing ensures that after washing most surfaces will remain covered in oil,
without standing water, before the tank is ballasted. However, if the tank
was not completely stripped prior to cleaning, water previously introduced |
into the tank will remain standing on the bottom and the tank bottom will
continue to experience pitting corrosion during all tank loading conditions.
Some reduction in the general corrosion on the underdeck steel will be
realized when washing with crude oil because the ullage space will not be
subject to a salt water spray during cleaning. Conversely, if crude-oil
washing is introduced in a tank that was normally in a crude oil/dirty ballast
condition (no salt-water washing) the protective 0il film would be thinned and
consequently the steel below the cargo level would be more susceptible to J
corrosion during the ballast condition.

The protection systems most frequently employed in crude oil/dirty ballast
tanks are as follows:

1. Coat deckhead area and 6 ft down the sides

2. Repeat 1. and coat tank bottom and sides to 6 ft up.

3. Repeat 2. and coat all upward facing horizontal steel surfaces.

4. Repeat 1. and install anodes near bottom to protect bottom plating.
5. Repeat 2. and install anodes near bottom to protect bottom plating.

Those most commonly used in crude oil/clean ballast tanks are:

1. Coat deckhead area and 6 ft down the sides. Install anodes on l
bottom and up to ballast level.

2. Repeat 1. and coat tank bottom and sides to six feet up.

3. Repeat 2. and coat all upward facing horizontal surfaces.

As with cargo-only tanks, inorganic zinc coatings are not recommended when
either sour crude is to be carried or the tank is to be inerted. 1Inorganic
zinc coatings in recommended service last from six to nine years in crude oil
cargo/ballast tanks depending on the frequency of ballasting and tank washing.
Two coats of epoxy or coal tar epoxy commonly last seven to ten years.

Anodes used may be either zinc or aluminum or a combination of aluminum anodes
low in the tank and zinc anodes throughout the remainder of the tank. Many
ship owners prefer aluminum over zinc because aluminum provides more
economical protection.

5.3.3 Refined Product Cargo-Only Tanks

The term refined petroleum products refers to a wide range of cargoes, for
example gasoline, kerosene, jet fuel, heating oil and lube oilg. The
corrosion problems associated with these products are different from those
encountered in crude ©0il tanks and the performance of corrosion systems also
varies accordingly.




Unprotected refined product tanks suffer most from severe general corrosion.
This is due to the fact that most products are less viscous than crude oil and
do not provide the protective film of crude oils. When light cargoes such as
gasoline and solvent are pumped from tanks, the liguid remaining on “tank
surfaces quickly evaporates leaving the metal vulnerable to atmospheric
corrosion.

Some refined products are more viscous than gasoline and do leave a protective
£ilm on tank internals. Home heating fuel is reported to be one example. In
these cases, corrosion more closely resembles that found in crude oil tanks.
As in crude oil tanks, areas most exposed to the washing stream are relatively
clean while other areas remain covered by the protective film. In moist air,
the washed areas experience general corrosion. General corrosion in a refined
product tank is greatest in a tank carrying gasoline and least in a tank whose
main cargo is heating oil.

Refined product tanks are usually exposed to much more salt-water washing than
crude oil tanks which further aggravates the incidence of corrosion. The
products are very susceptible to contamination. Therefore, each time a
cleaner cargo is carried the tank must be salt-water washed. Due to the wide
range of products which may be carried, this can be relatively often. Salt-
water washing is the only available means of cleaning the tank. No form of
cargo washing, analogous to COW, exists.

Atmospheric corrosion in unprotected non-ballast tanks results in thick rust
scale which soon falls, often in large sheets, to the tank bottom exposing

more metal to atmospheric corrosion caused by moist air. Condensation and
sweating due to heating and cooling of the tank steel have a significant effect
on tank corrosion. An unprotected tank is likely to require major steel
replacement in six to eight years. The use of inert gas in tanks is expected
to reduce corrosion in refined product tanks but sufficient data is not yet
available to quantify the reduction.

The most common practice among ship owners today is to coat the entire tank.
This is done to prevent corrosion, to facilitate and hasten tank cleaning and
to lessen the probability of cargo contamination. Both inorganic zinc and
epoxy coatings are commonly used. Coal tar epoxies are not compatible with
solvent cargoes and should be avoided. One coat of inorganic zinc will last
seven to ten years in cold-water washed tanks. Post-cured inorganic zincs,
popular until the self-cured coating was introduced, were reported to have a
longer life of eight to fourteen years. Epoxy coatings will usually last
eight to ten years in refined product cargo-only tanks.

5.3.4 Refined Product Cargo/Ballast Tanks

The carriage of ballast in refined product tanks on either a normal or storm
basis further increases the corrosion in a tank. In unprotected refined
product/ballast tanks, a thick rust scale develops as in non-ballast tanks but
is shed more frequently than non-ballast tanks. It is also softer and




~

comes off in smaller sections. Pitting may also be a problem. Pits usually
begin when blisters form in the rust and then break open. The most severe
corrosion in these tanks is general corrosion often reported to occur at mor
than twice the rate observed in a crude oil tank. Pitting, although reported
significant in a few cases, is not as much a problem in refined product
ballast tanks. |

Like refined product non-ballast tanks, ship operators usually coat the tank
throughout. Both inorganic zinc and epoxy coatings see use in refined ,
product/ballast tanks. Inorganic zinc self-cured coatings usually last from
seven to nine years while epoxy paints last from seven to ten years.

|

A second option followed by some is to install anodes in addition to coating.
The decision to install anodes depends a great deal on the trade route of the
vessel in question. Many product carriers are used in coastal routes of shorF
duration. For anodes to be economically effective, tanks should be in ballast
at least 30% of the time for a minimum of four or five days. Often product
carrier routes are so short that anodes cannot be justified.

5.3.5 Ballast Tanks

Tanks dedicated solely to carrying salt-water ballast suffer corrosion both l
when the tank is full and empty. General corrosion is serious on the deckhead
which is exposed to the moist salt-laden atmosphere present in the ullage
space. Corrosion is also severe on bulkhead plating and stiffeners and is
further aggravated adjacent to tanks carrying high temperature cargoes. The
heat from crude oil or fuel bunkers can be transmitted from one side of the
steel to the other and contribute to increased general corrosion in moist
ballast tanks. General corrosion is reported to be worse in the upper regions
of the tank due to an increased availability of oxygen. Some pitting is 1
likely to occur on horizontal surfaces low in the tank and on the tank bottom.
Unprotected ballast tanks usually require steel replacement in six to ten
vears.

The protection systems most often used by ship operators are: [

1. Coat entire tank.
2. Repeat 1. and add anodes for secondary protection.
3. Coat overhead and & ft down the sides and install anodes.

The first two systems seem to be the most preferred by ship operators today.
Anodes alone are unlikely to result in adequate protection because a
significant amount of corrosion occurs during eupty periods when anodes are

ineffective. |
|

Coatings most often used in ballast tanks are epoxy and coal tar epoxy. These
coatings usually last from eight to ten years. Inorganic zincs are also used
in ballast tanks; however, their degradation rate in salt water is high. A
single coat of inorganic zinc can be expected to last six to ten years.
Post-cured inorganic zincs were reported to last longer, eight to fourteen
years. ‘




5.4 SUMMARY

mables 5.1 and 5.2 summarize the per
reported during the study. Table 5.
for various tank conditions. Table
various tank conditions.

formance of corrosion~protection systems
1 summarizes the performance of coatings
5.2 reports the performance of anodes for
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TABLE 5.2

PERFORMANCE OF ANODES

|
|

PERCENT REDUCTION OF BARE STEEL GENERAL CORROSION
EXPERIENCED DURING BALLASTED conDITION(1)(2)

| Area of Tank

TANK DESCRIPTION

f
, ji
|

Ballast[14] | Cargo/Clean Ballast[14] | Cargo/Dirty Ballast[8],

‘ Product Crude Product _ | Crude |
upper Half(4) 80 75(3) 60 70(3) 55
Lower Half 95 90(3) 75 g5(3) 70

PERCENT REDUCTION OF BARE STEEL GENERAL CORROSION
EXPERIENCED UNDER ALL CONDITIONS(1)(2)

Area of Tank

TANK DESCRIPTION

Cargo/Clean Ballast[14]

Cargo/Dirty Ballast[8]

Ballast [14T Product Crude Crude Product Crude

a (Water | (C.O.W.)| (Water 1

Wash) Wash) ‘
Upper Half£(4) 35 65(3) 55 50 60(3) 50
Lower Half 45 75(3) 65 60 70(3) 60

(1)

(2)

milliamp/ft2 for coated tanks.

(3)

transported.

(4)

Excludes ullage space.

Performance of anodes based on gasoline type cargoes.
anodes would approach those shown for crudes if heating oils are

Assumes voyages of moderate to long duration, ballast tanks ballasted 50
time and cargo/ballast tanks ballasted 45% of time.

Effectiveness of anodes based on 12 milliamps/ft2 for uncoated tanks and 1

Effectiveness of

% of




CHAPTER 6

STEEL CORROSION RATES

s

The rate at which steel corrodes is a major determinant of the time before
steel replacement or other corrective action is needed. Information on the
rate at which steel corrodes was obtained from published sources and by a
survey of ship operators using protection systems under many different tank
conditions. . The rate of steel corrosion varies according to many factors. A
summary of the main factors, described in other chapters, which affect the
rate of steel degradation follows: -

A. Tank Washing

1. Water Pressure - temperature, spray pattern, salinity
2. Crude 0Oil - pressure, temperature, Spray pattern
3. None

B. Tank Contents

1. Light Oils - Refined products

2. Heavy Oils - Refined products, crude
3. HpS content of crude oil

4. Oxygen content of cargo

5. Water content of cargo

6. pH level

7. Temperature of cargo

8. Dirty ballast

9., Clean ballast

C. Tank Atmosphere When Empty

1. After unloading cargo

2. After dirty ballast

3. After clean ballast

4. After salt-water washing
5. After fresh-water washing
6. After crude oil washing

D. Inert Gas System

1. Flue gas - moisture, oxygen, SOp content 8
2. Generated gas - moisture, oxygen, S0, content
3. None

6-1




E. Other \

1. Temperature of cargo in adjacent tank i }
2. Structural complexity of tank
3. Voyage length and route

From this list of factors and conditions which affect corrosion, it is obvious
that there are thousands of combinations for which a corrosion rate exists.
Understandably, most corrosion-rate data are far from being fully gqualified
with respect to all possible factors and conditions. |

|

The rate at which steel corrodes is a function of both types of corrosion, |
general and pitting. A schedule of steel renewal or other corrective action
is easily calculated when the wastage is due to general corrosion. However4
when deep pitting is present the schedule is not as readily determined. The
strength of steel plating and structural members is dependent not only on the
depth and diameter of pits, but equally important on the locations and 1
frequency of pits. The limit to which pitting can occur before corrective
action must be taken is often subjective and best determined on a case basis.
Estimated corrosion rates for unprotected steel subject to general corrosiol
and pitting corrosion are presented in Tables 6-1 and 6-2, respectively.

Rates are reported for both an average and worst case. The data are useful jin
determining the approximate time frame in which corrective action would be |
required for bare steel tanks and tanks whose original means of protection has
totally failed. The user of this data should realize that many conditions may
exist in a tank other than those described in the tables. Therefore, the user
must ultimately decide the proper interpolation to be applied to the data to
suit other known or anticipated tank conditions. Table 6.3 shows ABS l
allowance guidelines for allowable steel degradation.

b

l
!
»
!
\
|




TABLE 6.1

GENERAL WASTAGE(1) FOR UNCOATED TANKS

IN CRUDE OIL AND PRODUCT CARKRIERS

SEVERITY OF CORROSION FOR GIVEN TANK CONDITIONS
Maximum Average Minimum
Corrosion(2) Corrosion{2)(3) Corrosion(2)
STEEL .
DESCRIPTION Ballast Only Tk.'3) | cargo/Ballast Tk.
.or Cargo Only Tank With Moderate | Cargo Only Tank
With Freq. washing(4) Wa§hing(4) Seldom washed(4)
Ballast Only |
Tk. or Refnd. Refined Refined Crude
Product Crude Product crude{5)} produce (5)
Deck Plating .018 .015 | .014 .009 .008 .005
Deck Structure 011 .006 .008 : .004 .005 003
Horizontal Webs, ;
Stringers, J
Girders 015 .006 008 004 . 004 .003
Upper Side Shell .012 .006 .009 .005 004 .003
Upper Bulkheads .010 .006 .007 .003 .003 002
Upper Stiffeners .010 .006 .007 .003 .003 .002
| Lower Side Shell 010 .005 .007 .003 .003 .002
{ Lower Bulkheads .008 . 004 | .005 .002 .002 .001
# Lower Stiffeners .008 .004 . 005 .002 .002 .001
Bottom Plating .017 L0131 .013 .008 .005 .004
Bottom Structure .012 .006 | .007 .004 . 004 .002
|
| t
NOTES: (1) One side corrosion rates expressed in inches per year.

(2) No tank inerting.

(3) No cathodic protection

(4) Salt-water wash

(5) Corrosion rates would be approximately the same for a crude/ballast
tank that was frequently crude oil washed.
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TABLE 6.3

ABS GUIDELINES FOR ALLOWABLE STEEL DEGRADATION IN TANKS

PERCENT REDUCTION IN ORLGINAL
STEEL ThHICKNEsS(1)
{For ships built since 1962 which are
DESCRIPTION OF STEEL longitudinally framed and whose longitudinals
contribute at least 30% to the strength
of the vessel)
Overall Allowance Local Allowance
Deck Plating 15% 20 to 25%
| Internal Longitudinal Stiff.
Contributing to Strength 25 | 30 to 35
Side Shell 25 30
Hull Girders, Stringers 15 20 to 25
Transverse Webs 15 20 to 25
Bulkheads 30 35
Bottom Plating 15 20 to 25 1
Deep Tank Bottom Plating in
Double Bottom Ships 20 25
1. These are only guidelines for the amount of steel degradation allowed before
steel replacement is required. The determination of when and the extent
to which corrective action is required remains the responsibility of the
local ABS surveyor.




CHAPTER 7

COSTS OF CORROSION CONTROL

7.1 GENERAL

There are many different costs which may be incurred by a ship owner for
corrosion work in cargo and ballast tanks. Estimates of these costs are
presented in this chapter. The costs were estimated on the basis of
information reported in published sources and responses from ship operators,
coating and anode manufacturers, shipyards, and independent contractors. These
costs form a foundation for performing economic analyses on the various means
of corrosion control (Chapter 8) and performing sensitivity studies on
representative ships (Chapter 9).

Costs associated with corrosion-control work include surface preparation,
staging, coatings, anodes, steel replacement work and the cost of lost
revenue. Most of these involve both material and labor charges. Cost figures
reported include overhead charges, profit, service charges and docking fees.
They are reported for domestic shipyards and foreign yards. Unless otherwise
designated, all costs are based on 1980 dollars.and are for large-scale work.
Small-scale work can cost up to several times the unit charge of large-scale
work. Distinctions in cost are also made between new construction and repair
work on existing ships.

7.2 SURFACE PREPARATION AND COATING COSTS

In the United States, blasting and coating of complete tanks on existing ships
is very often subcontracted to independent contractors who specialize in this
type of work. The cost of blasting and coating by independent specialists is
usually significantly less than if the work was performed by shipyard

personnel. Since most yards employ these contractors, the cost of performing
large-scale, corrosion-control work is fairly uniform among U.S. shipyards.

Costs for performing the same work in various foreign yards will vary from

15 to 25% above domestic costs. However, in some cases, costs may be as much as
40% below, depending on the volatility of the particular market involved.

The cost of blasting and coating during new construction of tankers is 70 to
80% of the cost of coating and blasting for an existing ship. This is because
both coating and blasting are more quickly and easily performed on new steel
than old. Also, most shipyards perform much tank work while the structure is
still in the preassembly module stage of construction. This results in easier
access and better environmental conditions.




The costs of blasting to a near-white metal condition (see Table 3.1 for a
description of this degree of surface preparation) and the cost of coating
application are summed up in Table 7.1. A further breakdown of these costs
into their various labor and material components was not possible due to wide
variation in costs, accounting procedures and the inclusion of the ancillary‘
costs of overhead, supervision and profit into arbitrarily selected components
of the vost. Total costs charged for performing these activities was,
however, uniform. Table 7.2 shows paint material costs. These figures are }
the same for both new construction and repair work. For determination of i
total blasting and painting cost the information from Table 7.1 must be used |
in conjunction with Table 7.2. }
I

7.3 ANODES

Costs associated with sacrificial anodes are the material costs of the anode
itself including steel core and any accompanying hardware and the cost of
labor for their installation or replacement in tanks. These costs are shown |
in Table 7.3 for both zinc and aluminum anodes of commonly used sizes. Costs
for anodes of sizes other than those shown may be estimated by determining the
unit cost per weight ($/1lb) of the examples and multiplying by the anode
weight desired. All costs given in Table 7.3 are on a per—anode basis.

7.4 STEEL RENEWAL

There are two ways for steel to fail inspection by a classification society
surveyor. The first is by exceeding the overall steel corrosion allowance. In
this case, steel must be replaced outright. Costs of steel replacement at

both U.S. yards and foreign shipyards are provided in Table 7.4. The foreign
costs represent an average of costs reported by Far Eastern and European
shipyards.

The other way for steel to fail is by exceeding local steel thickness limits L
while overall steel thickness is sufficient. This is often the case with dee
pitting corrosion. When local limits are exceeded due to deep pitting, they .
must be filled with weld material. Cost for this repair in the U.S. is about
$8.00 for each pit filled for 100 or more pits of 2" diameter and 1/4" depth.\[
Pits 4" in diameter and 1/2" deep cost $35.00 a piece. Costs at foreign ‘
shipyards average 50% of the U.5. costs. No charge for staging of any type is
included in these figures because most pit repair work is performed on the |
tank bottom.




TABLE 7.1

TANK BLASTING AND COATING COSTS

EXISTING SHIP (REPAIR)
Number of Coats U.S. (Avg.) Foreign (Avg.)
($ U.S./£t2) ($ U.S./£t2)
1 2.60 3.50
2 3.25 3.90

1. Costs reflect those applicable to large contracts. Costs may
increase up to 300% for small contracts.

2. Costs include staging and removal of blast material.
3. Surface finish blasted to SA 2-1/2 using 16 lb. Grit/th.

{ 4. Costs include removal of moderate amounts of heavy scale
build-up by means other than blasting.

1 5. Excludes paint material costse.

6. Excludes costs for cleaning tank, removing sludge and gas

! freeing.
TABLE 7.2
PAINT MATERIAL COSTS
|
General Description Number Total | Total Material Costs(1)
of Coatings of Coats | Thickness (Dollars/Ft2)
U.S. FOREIGN
. Inorganic Zinc 1 3 mil 0.14 to 0.20 Material Costs
| Epoxy 2 8 mil 0.30 to 0.36 10-20% higher
i
Coal Tar Epoxy 2 12 mil  0.18 to 0.30 in Europe and
| 15-40% higher |
in Far East

1. Material costs based on paint loss of 35%. ‘




TABLE 7.3

SACRIFICIAL ANODE COSTS

Avg. U.S. Costs | Avg. Foreign Costs(3)
Description of Anodes ($ U.S.) ($ U.S.)

: Install Replace Install Replace |

24 1b Zinc - Mat'1(2) 23 23 23 23
- Labor(3) 42 58(4) 21 3214) ||
- Total 65 81 44 55 |
| 70 1b Zinc - Mat'1(2) 55 55 55 55 |
- Labor(3) 52 72(4) 25 35(4) |

- Total 107 127 80 90

42 1b Alum - Mat'1(2) 68 68 68 68
- Labor(3) 52 72(4) 25 35(4) |

- Total 120 140 93 103
|

(1)

(2)

(3)

(4)

(5)

yards.

Excludes staging costs.
installed in modules, staging
costs for installing anodes.

costs/anode are 80% to 150% of labor costs

Material costs are for welded anodes.
5% to 7% more than welded anodes.

Labor costs are for welded anodes.
clamped anodes and by 35% for first installation of bolted anodes. t

For new construction,

For

Decrease labor rate by 40% for replacing bolted anodes if bolting pads |
were previously installed.

Material cost advantage alternated in 1980 between U.S.
Material costs are shown as identical for U.S. and foreign.

costs/anode are 10% to 20% of labor
existing vessels,
for installing anodes.

Clamped and bol ted anodes cost

Increase labor rate by 12% for

assuming anodes

staging

and foreign |
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TABLE 7.4

TANK STEEL CONSTRUCTION AND REPLACEMENT COSTS

(Dollars/100 1b)

U.S. | FOREIGN
TYPE STEEL WORK Productl1) | vicct2) | product( 1) | vicc!<)
Tanker Tanker
— f F i
L]

New Construction 110 20 60 50
Repair (Large Contracts) 450 400 240 220
Repair (Small Contrac;s) Up to 1200 Up to 800

1. Assume 40,000 DWT.
2. Assume 300,000 DWT.




7.5 LOST REVENUE

Each time a ship is taken out of service it ceases to generate revenue. This
results in a loss of income to the ship owners. All ship owners plan on a
certain number of days out of service each year for maintenance and inspection
by regulatory bodies. It is assumed in this report that a ship is normally
out of service for 12 days each year and a total of 40 days every fourth year.‘
In an attempt to reduce lost revenue, all corrosion work should be scheduled
during planned out of service periods if possible. If these days are exceeded,
due to corrosion control work, the revenue lost should be considered a cost of
corrosion control.

Both blasting and coating and steel replacement work may take long enough to
cause additional days out of service if work is not regularly performed during“
maintenance and inspection periods. The time required for blasting and !
coating is largely dependent on the number of blasters used on a ship.
Independent contractors can reportedly supply a maximum of 32 qualified :
blasters. If these men are assigned to shifts covering a 24-hour day, they can
blast about 20,000 £t2. When shipyard blasting crews are used, the blasting |
rate is somewhat lower. In determining the total blasting and coating time,
several days should be added to allow for painting after the last tank is ‘
vacated by blasting and cleaning crews. Painting for the other tanks is !
accomplished right after it is blasted and while the blasting crew is working {
on another tank.

The time required for steel replacement is governed by the number of pounds of '
steel to be replaced, the number of men assigned to the job and the rate at ‘
which steel can be replaced. Assuming that an average of 150 men are :
available for steel replacement during each of three daily shifts and that 15
man-hours are needed to replace 100 1lbs. of steel, 24,000 lbs. of steel can be !
replaced daily.

Actual lost revenue is determined by estimating the number of days out of
service and applying the correct revenue rate for that particular vessel. i

7-6 |




CHAPTER 8

ECONOMIC ANALYSIS PROGRAM

The economic value of a corrosion-control system depends on many factors.
Although initial cost is the most obvious of these, it should not be used as
the sole criterion for evaluation. Often other factors such as effectiveness
of performance, useful life, maintenance and replacement costs prove to be
more important. Because some of these factors have no effect until the ship
has been in service a number of years, a complete economic analysis should be
conducted to determine life-cycle cost.

Numerous different computer programs are used throughout the marine industry
for the economic evaluation of both costs and effects on cargo-carrying
capability of ships. It is expected that each tanker owner has his own method
of economic analysis tailored to his particular operation and will conduct his
own economic investigations. Therefore, the main purpose of this report is to
identify the key cost parameters which should be included in any economic
analyses to account for the life-cycle costs of corrosion control systems. A
sample economic analysis computer program has been developed to illustrate one
possible method of economic analysis of the effects of corrosion control on a

given vessel.

The program used is called GENeralized EConomic analysis program (GENEC1).
This discounted cash-flow life-cycle-cost analysis method evaluates the
economic effect of corrosion-control systems on both cost and cargo carried.
Given various vessel particulars and operational characteristics, the program
generates a consistent measure of merit for each case investigated. Required
corrosion-control system inputs to the program are the costs due to corrosion
protection by a particular system and the point in time at which they are
incurred.

The measure of merit reported by GENEC1 is the required freight rate (RFR)
commonly used in the economic analysis of ships of all types. RFR is the
freight rate, based on life-cycle costs, which must be obtained to make the
return on money invested in the ship equal to the return that could be
obtained elsewhere at a prescribed interest or "discount" rate. It is not
intended to be used as a minimum acceptable freight rate, but rather as a
standard for comparison of the same ship with several different corrosion
control systems. Since a large portion of the petroleum tanker industry is
more used to dealing with time charter rates, the RFR is also stated as a
comparable time charter rate ($/DWT/month) adjusted to exclude fuel, manning
provisions and port charges. Reporting the results of the analyses in either
of these manners is an indication of the life-cycle cost of a ship. The spot
and world scale charter rates are dependent on the often volatile demand of the
petroleum transportation market and as such are not suited for use in economic
analyses of this type. The yearly cost of the use of each alternative system
is also reported to illustrate the significance of small differences in rates.




studies on two representative ship designs employing wvarious means of
corrosion control.

8-2
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A complete description and listing of the GENEC1 computer program is presente@
in Appendix B. This program will be used in Chapter 9 to conduct sensitivity
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CHAPTER 9

SENSITIVITY STUDIES

9.1 GENERAL

sensitivity studies are conducted to demonstrate the use of performance data
(Chapter 5), corrosion rates and allowable limits (Chapter 6) and key cost
parameters (Chapter 7). The studies involve two representative base ships, a
39,300 DWT product carrier and a 285,000 DWT crude carrier. In the analyses,
given specific ship and operational data, the effect of corrosion-control
systems over the life of the vessels is assessed. The computer program GENEC1
is used to evaluate a variety of corrosion-control alternatives for the two
ships. It is described in Chapter 8 and Appendix B.

9.2 INPUT ASSUMPTIONS AND PARAMETERS

rd
The sensitivity studies are limited to considering only the primary variable
costs of corrosion control. These are considered to be capital costs, repair
costs, days out of service and differences in annual cargo tonnage.

In order to conduct realistic sensitivity studies, numerous parameters were
determined and assumptions made. Both ships were assumed to be of segregated
ballast design with cargo tanks protected by inert gas. A crude oil washing
(COW) system is in use on board the crude carrier. ©No costs for tank cleaning
or gas freeing were included in the analyses. Summaries of Ship and
Operational Data and Economic Data used in the studies are shown in Tables 9.1
and 9.2, respectively.

It was assumed that each ship spends 12 days out of service each year and 40
days each fourth year. When the time required for corrosion-control work
exceeds these figures, the cost associated with additional days out of service
cost was considered attributable to corrosion control.

The sensitivity studies assume that the vessels have a residual salvage or
resale value at the end of their twenty-year economic life. This figure plays
an important role in the life-cycle economic evaluation of the two vessels.

To demonstrate this effect, sensitivity studies were conducted by two methods.
One method assuned that the resale value of all ships was 10% and the other
considered the resale value to be a function of the effectiveness of corrosion
protection. Ships with full scantlings and maximum protection were assigned
highest values. The actual resale of a ship is difficult to predict due to
unquantifiable factors such as the market demand for a certain type and size
of vessel.




SUMMARY OF SHIP AND OPERATIONAL DATA

|
TABLE 9.1 I
|
|

Ship Type Crude Carrier | Product Carrier

Length B.P. (ft) 1,063.00 640,50

Beam, Mld. (ft) 175.52 105.83

Depth, Mld. (ft) 91.86 54.0 ‘

Design Displacement (LT) 319,015 51,470

Segr. Ballast Capacity (LT) 87,307 20,400

Cargo Tank Volume, 98% (ft3) 9,880,284 1,763,546

Ballast Tank Volume, 100% (£ft3) 3,055,778 714,000

Fuel Tank Capacity (LT) 13,000 1,100 !
‘ Shaft Horsepower, max. (English) 36,000 12,000 ‘

Max. Range (Naut. Miles) 28, 100 7,000

One-Way Voyage Length (Naut. Miles) 11,169 1,775 j

Speed, Cargo (knots) 15.0 15.0

Speed, Ballast (knots) 17.5 16.2 ‘
§ Complement 56 28

Total Deadweight (LT) 282,900 39,300 |
iJ Loading Port Ras Tanura Curacao

Discharge Port Rotterdam New York |1

Port Time, Loading (Days) 2 2 L

Port Time, Discharge (Days) 2 2

Crew and Stores (LT) 500 | 250 |
| Fresh Water (LT) 150 ‘ 100 |
| Reserve Fuel (LT) 833 300

Fuel Consumption in Port (LT/day) 42.10 14.2
| Fuel Consumption at Sea (LT/day) 166 .52 56.70 |

|




TABLE 9.2

SUMMARY OF ECONOMIC DATA

Ship Type

Crude Carrier

_ Product Carrier

Ships Life (Years)

Fuel Cost ($/LT) !
H&M Insurance (% of New Ship)
Escalation of H&M Insurance (%/Year)
P&I Insurance ($/DWT)

Escalation of P&I Ins. (%/Year)
Manning Cost ($/Year/Man)

Escalation of Manning Cost (%/Year)
Provisions and Stores ($/Year)
Escal. of Prov. & Stores (%/Year)
Port Charges ($/Voyage)

Escal. of Port Charges (%/Year)
Repair Costs ($/Year), Average

Escal. of Rep. Costs (%/Year)

20
171.87

0.01125

1.25

37,640

8.5

312,500

7.5

140,800

6.0

200,000

7.5

20

171.87

0.01125

100,000

7.5




For steel replacement, the time before wastage limits were reached for both
unprotected and anodically protected tanks was determined by using applicablée
general corrosion rates for the particular conditions which exist. For the
purpose of applying these corrosion rates, each tank was divided horizontally
into sections (see Figure 9.1). Descriptions of all steel in a tank were
then recorded on data sheets specifically developed for that purpose. The
sheets describe the thickness, weight, surface area, allowable wastage and the
number of years before the wastage is reached for each basic structural
component. A tank plan and midship section for each ship is shown in Figure
9.1. Descriptions are included for both protected tanks with reduced
scantlings and unprotected tanks with full steel scantlings. A sample data
sheet is included in Appendix C. |

Inorganic zinc coating schemes were not evaluated for the crude carrier
because the cargo was assumed to be sour. Epoxy coating schemes were based o
two coats of straight epoxy, not coal tar epoxy. It was assumed that no Y
maintenance of coatings was performed annually for either ship and that
coatings suffered 2% failure after two years. When blasting and recoating due
to failure of initially applied coating, it was always assumed that the work
was accomplished during the next scheduled out of service period.

All anodes were assumed to be designed for a useful life of four years. }
Aluminum anodes were used in dedicated ballast tanks and a combination of zing
and aluminum anodes was used in cargo/storm ballast tanks. Cargo/storm (
ballast tanks were assumed to be in ballast 45% of the time. ‘

Using these assumptions, sensitivity studies were conducted for various
corrosion-control systems. They include full and partial epoxy and inorganic
zinc coatings, aluminum and zinc anodes and full and reduced scantlings. A !
complete listing of the corrosion-protection systems evaluated is shown in
Table 9.3 for the crude carrier and 9.4 for the product carrier. Corrosion-
control costs which served as inputs to the economic analysis program are
shown in Tables 9.5 and 9.6. These tables define the year in which the costs
were incurred.

¥
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SYSTEM DESCRIPTIONS - CRUDE CARRIEKR

TABLE 9.3

REDUCTION IN

SYSTEM COATINGS SCANTLINGS CATHODIC PROTECTION
- - - T [
A Full (2 coats, epoxy) None None |
|
B Full (2 coats, epoxy) Yes None i
C Full (2 coats, epoxy) Yes Aluminum anodes (1 ma/ft2:4 YT)
supplement coatings in ballast
only tanks. Aluminum and zinc
anodes (1 ma/ft2, 4 yr) |
supplement coatings in cargo/ !
storm ballast tanks.
D Partial - Coatings None Aluminum and zinc anodes
(2 coats epoxy) (12 ma/ft2, 4 yr) installed
applied to underdeck in cargo/storm ballast tanks.
and 6 £t down in L
cargo only and }
cargo/ballast tanks. ‘
Ballast only tanks
fully coated (2 coats ‘
epoxy) ‘
|
D Mod. | Partial - same as None Same as system D except
system D except no aluminum anodes (1 ma/ftz,
coatings in ullage 4 yr) are installed in ballast
space of cargo only only tanks to supplement
tanks coatings.
E None for life of None None for life of vessel

vessel
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TABLE 9.4

SYSTEM DESCRIPTIONS - PRODUCT CARRIER

| REDUCTION IN

SYSTEM COATINGS SCANTLINGS CATHODIC PROTECTION
A Full (2 coats, epoxy) None None
A Mod. | Full (1 coat, inorganic None None
| zinc) \
B Full (2 coats, epoxy) Yes, except None
for inner
' bottoms
(o} Full (2 coats epoxy) Yes, except Aluminum anodes (1 ma/ft214 yr)
for inner supplement coatings in ballast
bottoms only tanks. Aluminum and zinc
anodes (1 ma/ft?, 4 yr)
supplement coatings in cargo/
storm ballast tanks.
D None for life of None None for life of vessel

vessel
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9.3 RESULTS

9.3.1 Crude Carrier

Economic analyses were first performed on the fully coated systems A, B, and
C. Using resale values of 11, 8, and 9%, respectively for these systems, the
full scantling system A was found to be the most cost effective. However,
using a resale value of 10% for each of the three systems, system C ranked
first economically.
of system B and proved the cost effectiveness of installin

g supplementary
anodes in fully coated, ballasted tanks.

An economic analysis of system D, a system similar to that employed in many
recently constructed crude carriers, showed that lower costs could be achieved
with a partially coated cargo box. In system D, all cargo tanks were coated
under deck and 6 ft down; the ballast-only tanks were fully coated and the
cargo/storm ballast tanks were cathodically protected with anodes.

Noting that corrective action was not required during the ship's life for
uncoated steel in the ullage space of cargo only tanks and that anodes were
previously found economically effective in supplementing coatings in cargo
ballast tanks, system D was modified accordingly.

Of the systems studied, system D modified proved to be the most cost

effective. Like system D, its economic ranking among the systems was not
affected by the resale value of the ship.

System E was the least cost effective and reflects the high costs required for

steel repair work if corrosion-control systems are not employed during the
life of the ship.

A complete summary of the results of the economic analysis of the crude
carrier is provided in Table 9.7.

9.3.2 Product Carrier

Using resale values of 22, 18 and 20% for systems A, B, and C, the full

scantling, fully coated system A proved to be the most cost effective. For
constant resale values, system C ranked first. Regardless of resale value,
system C is the most cost effective of the fully coated, reduced scantling

systems, B and C. System C, unlike system B, provides supplementary cathodic
protection for the ballasted tanks.

Though it is recognized that product tankers are generally fully coated,
system D was evaluated for purposes of comparison to indicate the high repair
costs experienced when no protection is provided for the tank steel.

Two coats of epoxy were used in the fully coated systems A, B, and C. The
cost differences between system A and system A modified, indicate the savings,

In either comparison, system C costs were less than those




TABLE 9.7

PROGRAM RESULTS —= CRUDE CARRIER

| RESALE VALUE REQUIRED | RELATIVE | REQUIRED
SYSTEM AT END OF 20 YRS CARGO | NO. TRIPS | FREIGHT 1| DIFF. IN | CHARTER
(% of Initial Costs) { DWT (Lt)| PER YEAR RATE COSTS RATE
($/Ton) ($/Yr) |} ($/DWI/Mo)
A 11 271,738 5.605 23.546 0 5.009
B 8 273,524 5.572 23.621 137,000 5.076
o 9 273,524 5.572 23.542 17,000 5.041
D 10 271,738 5.619 23.391 | -147,000 4.956
D mod. 10 271,738 5.615 23.351 -234,000; 4.930
E 5 271,738 5.250 27.612 | 3,529,000 6.329
Constant Resale . | \
Value = 10% '
A 10 271,738 5.605 23.618 0 | 5.042
| s 10 273,524 5.572 23.481 | -186,000 5.014
c 10 273,524 5.572 23.472 | -200,000 | 5.010
| D 10 271,738 5.619 | 23.391 | -257,000 | 4.956
| D mod. 10 271,738 5.615 23.351 | -343,000 4.930
E 10 271,738« 5.250 27.246 | 2,897,000 6.176

}a




system of inorganic zinc in place of a two coat system of epoxy.

savings, however, can only be realized on product carriers which have

The full

primarily that of labor, realized when the tanks are coated with a one coat l
{
|
\

independent inert gas generators because the sulfur oxides in flué gas readily

attack inorganic zinc coatings.

tanks are inerted with flue gas.

A complete summary of the results of the economic analysis of the product

carrier is provided in Table 9.8.

Therefore, only the savings attributable to
coating the ballast tanks with inorganic zinc can be realized when the cargo

TABLE 9.8
PROGRAM RESULTS - PRODUCT CARRIER |
|
B} l
| RESALE VALUE REQUIRED | RELATIVE | REQUIRED
SYSTEM | AT END OF 20 YRS CARGO | NO. TRIPS | FREIGHT | DIFF. IN j CHARTER
(% of Initial Costs) | DWT (Lt)| PER YEAR RATE COSTS | RATE
_ ($/Ton) | ($/¥r) | (S/DWI/Mo)
A 22 | 38,083 25.682 12.794 0 13.115
‘ i
A mod. 22 38,083 | 25.682 12.694 | -98,000 12.908 |
|
B 18 38,373 25.697 12.844 | 152,000 | 13.432
c 20 38,373 25.682 12.740 42,000 13.207
i
D 9 38,083 24.945 | 16.418 { 3,084,0000 19.958 |
| | |
Constant Resale | ‘
Value = 10%
A | 10 38,083 25.682 13.308 | 0 14.181 .
A mod. 10 38,083 25.682 13.204 | -102,000 |  13.966
. 10 38,373 25.697 13.181 -18,000 14.049 }
1 |
|
| ¢ 10 38,373 25.682 13.161 -46,000 14.116
|
D 10 38,083 24.945 16.376 | 2,541,023  19.874
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CHAPTER 10

CONCLUSIONS AND RECOMMENDATIONS

The traditional philosophy of tanker internal corrosion control was valid
during the early years of widespread tanker construction but many developments
have occurred in the tanker industry since then which affect this philosophy.
These developments include the rapid increase in the size of tankers since the
days of the T-2 tanker, the significant increase in the cost of ship
construction and repair work, new and improved corrosion control technigues
and hardware, and new safety and pollution regulations. All of these have had
an impact on corrosion and corrosion control in crude 0il, refined product and
ballast tanks. The results of this study indicate that some widely used
practices of the past may no longer be viable for the modern tanker industry.

It was common during the last several decades for ship owners to reduce
scantlings used in initial tank construction owing to the belief that the
reduction in steel weight and cost would be justified by the performance of
the corrosion-control systems employed. One conclusion of this report is
that, on the basis of two vessels studied and the assumptions made, the use of
reduced steel scantlings does not offer any significant economic advantage to
a vessel over a 20-year life. Full scantlings in several cases examined
proved to have roughly equivalent or lower life cycle costs and provide
valuable insurance against unexpected coating failure.

For years, the most effective way to protect crude oil carriers was believed
to be full coating throughout. Based on the results of this study, partial
coatings used in conjunction with full scantlings appear to be more economical
than coating an entire crude oil cargo tank. Partially coating a tank instead
of fully coating can result in a considerable cost saving over the life of a
ship.

Next, it was found that every effort should be made by shipowners to avoid
steel replacement, which is both expensive and time consuming. It is more
economical in the long run to maintain and renew corrosion-protection systems.
For each ship investigated, the highest life cycle costs were experienced
when all tanks had full scantlings and no other means of protection during a
20-year life. This was due to the high cost of steel replacement.

Last, the use of secondary anodes acting to supplement coatings is often more
economical than coatings alone in ballast and cargo-ballast tanks. They act
to extend the useful life of the tank coating.

The results of this study identified, within the limits stated in the report,

the most economical of the corrosion control systems evaluated. The repair costs
used in the study generally give precedence to coating repair over the higher
cost of steel replacement. When an owner does not obtain accurate and current

10-1




data on the condition of tank steel and plan tank work accordingly, repair 1
costs may differ significantly from those given in this report. Corrosion- |
control systems must be maintained to prevent high steel repair costs. ‘
The recent advent of IMCO rules involving segregated ballast tanks and iner4
gas systems as explosion preventatives and COW as a pollution-control measure
all stand to have significant impact on the internal corrosion of tankers. At
the time of this report, most ship operators have not had more than a couple
of years experience with these systems and are unable to report conclusive |
results at this time. It does appear that the overall effect will be
favorable in reducing corrosion.

Inert gas, in particular, has been reported by foreign sources to be |
especially effective in mitigating tank corrosion. However, very little work
has been done to determine the degree to which inert gas is effective in
controlling corrosion and under what conditions this effectiveness can be L
realized. It is recommended that work be undertaken to quantify these unknowns
and investigate the. full use of inert gas in both cargo and ballast tanks on'
board tankers.

Another area that needs further investigation is deep pitting corrosion in
tanks. This type of corrosion is highly detrimental to tank steel and is

often the sole cause of the necessity to replace steel. Although it has been
a problem on board tankers for many years, there has been little work

under taken to find ways of reducing or controlling pitting corrosion. One |
aspect of the problem, in particular, which warrants further investigation i

the effect of anodes in preventing pitting, particularly in tanks carrying T
sour crude cargo. !

Several ship owner/operators contacted during the project survey recommended
that an investigation of the corrosion of tank piping be conducted. The
piping was reported to experience a high corrosion rate and to require
frequent replacement.

\l

1

\

|
Corrosion on board a ship is a subject of major importance to most shipowners.
Choosing and maintaining the best corrosion control system for each applica-
tion is essential to efficient, economical ship operation. This project pro
vides the tools to enable tanker owners and designers to more accurately plan
for the protection of new vessels and to assess the condition of existing
ships in order to chose the best means of protection. However, this study
should not be considered an end in itself. This area of marine technology is
constantly changing as are the economic factors which affect it. Instead, the
subject of internal corrosion and corrosion control alternatives in tankers is
one which deserves periodic updates and renewals as time goes on. It is hopéd
that this study will be the beginning of a continuing effort to minimize the |
serious effects of internal corrosion on the tanker industry. |
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APPENDIX A

'SUMMARY OF CLASSIFICATION SOCIETY RULES

AND REGULATIONS PERTAINING TO TANKER
INTERNAL CORROSION CONTROL

CONTENTS

American Bureau of Shipping . « « « ¢ ¢ « o o o o o o
Bureau Veritas « o« o o o o o ¢ o o o o o o s o o o
Det norske Veritds . ¢ « o o o o o o s o s o o o o
Germanischer L1oyd =« « ¢ o o o o o o s o s o o s o o
Lloyd's Register of Shipping =« ¢ ¢ ¢ ¢ ¢ o o o o o &

Nippon Kaisi RKyokal « o« o o o o s o o s o o o o o o o




1. AMERICAN BUREAU OF SHIPPING

Reference: ABS Rules for Building and Classing Steel Vessels, 1979

In order to receive reduced scantlings plans must be submitted which show
corrosion protection particulars. These plans are to show both required and
proposed reduced scantlings.

|
Longitudinal Frames, Beams and Bulkhead Stiffeners l

The required section modulus of longitudinal frames, beams, or bulkhead
stiffeners, in association with the plating to which it is attached, may be ‘
reduced 10% when an effective method of protection against corrosion is
employed.

1
Bulkhead Plating . \

When special protective coatings are adopted for corrosion control the l
required thickness may be reduced by 3 mm (.125 in.) except where the require

thickness of plating is less than 12.5 mm (.50 in.). In this case the ‘
reduction shall not exceed 20%. In no case shall the thickness of plating bel
less than 6.5 mm (.25 in.). Swash bulkheads, where coated, may be reduced 1.5
mm (.0625 in.) provided this thickness is not less than 6.5 mm (.25 in.).

|
Deck Plating 1

Where special protective coatings are adopted for corrosion control and after |
all minimum thicknesses and longitudinal hull-girder requirements have been 1
satisfied the thickness may be reduced by 10% but not more than 3 mm (.125
in.). Where special protective coatings are to be applied to the exterior \
surfaces of weather decks as a means of corrosion control and after all |
minimum thickness and longitudinal hull-girder requirements have been
satisfied the thickness of deck plating-may be reduced by 10% but not more
than 3.5 mm (.125 in.). l

Transverse Frames

\

Where special protective coatings or other effective methods are adopted for
corrosion control the web plate thickness may be reduced 10% from the required
thickness, in which case the required section mod. of the members may be
reduced as result.

Shell Plating l

Where special protective coatings are adopted for corrosion control and after )
all minimum thickness and longitudinal hull-girder requirements have been
satisfied the thickness of shell plating may be reduced by 10% but not more ‘
than 3 mm (.125 in.).




Anodes

In general, magnesium anodes are not to be used. Where other sacrificial
anodes are fitted in cargo or adjacent ballast tanks, their disposition and
details of attachment are to be submitted for approval.

2. BUREAU VERITAS

Reference: Rules and Regulations for the Construction and
Classification of Steel Vessels - Bureau Veritas - 1977

At the shipyard's request, and with the owner's written agreement, reductions
in scantlings may be granted for certain elements of the ship hull for taking
into consideration the effective protection against corrosion by means of
special coatings or other means that the shipyard or owner intends to use.

The class of ships benefiting from such reductions is complemented by the
notation "CL" (limited corrosion). 1In such case, the shipyard is to furnish
the Head Office complete details on the nature of the product used for
protective purposes, details on the method of application and drawings to
indicate the areas where the product is applied.

Where the notation CL is assigned, reduction in scantlings with respect to the
rule values may be granted for certain members of the hull. The following may
be reduced by 10%:

- the minimum thickness, 12.5 mm, in the case of large size
members, such as platings, transverse bulkheads, web frames,
stringers and, generally speaking, all members stiffened by
secondary stiffeners

-~ the thickness of the plating and stiffeners of longitudinal
and transverse bulkheads

- +the thicknesses of side shell stringers and transverses, of
deck transverses, of bottom transverses and of cross ties

The following may be reduced by 5%:

- the thickness of bottom and side shell plating, including the
keel and bilge

- the thickness of deck plating
- the thicknesses of keelsons and deck girders

- the section moduli of bottom, side shell and deck longitudinals




|

3. DET NORSKE VERITAS

Reference: Rules for the Construction and Classification of Steel \
Ships - 1977 - Det norske Veritas

Unprotected steel (plate, stiffeners and girders) in tanks for water ballast

|
]
and/or cargo oil are generally to be given a corrosion addition as stated in |
Table D401: |

TABLE D 401 - H
Tank Type Ballast/Cargo Ballast Tank/Dry
0il Tank or Ballast Cargo Hold or
Tank Area Tank Only Cargo 0Oil Tank Onlya
| Within 1,5 m One side r
| below top of | unprotected 2,0 mm gl i
tank in weather | Both sides 3.0 mm 1.5
, deck unprotected ! S
‘ One side B o o
unprotected Ul o b5 f \]
Elsewhere :
Both sides 1.5 mm 1.0
g unprotected v A \
- = |
|
l

If a system approved by the Society is applied for corrosion protection of
steel structures in tanks for water ballast and/or cargo oil the corrosion
additions may be dispensed with. 1In such cases, the notation CORR will be |
entered in the Register of Ships for that vessel. ‘

I
For longitudinal strength members any dispensing with the corrosion additions
will be accepted only if the members are protected over the total cargo tank
area of the ship.

1
The section modules of the hull girder is not to be reduced by more than 5% as
compared to the modulus based on scantling# including the corrosion addition.
Plans of steel structure submitted for apprfoval must show net scantlings as
well as scantlings with the corrosion additions included.

There are two systems which are approved and for which the corrosion addition
may be dispensed with. These are coatings and cathodic protection systems.
Complete particulars for all systems must be submitted to the Society for
approval. Systems of protection other than the coatings and cathodic
protection systems, to be described, will be specially considered.




Coating Systems

Coatings must be suitable for use on any previously applied ship primer. All
surfaces are to be coated in tanks where the corrosion additions are
dispensed with. Aluminum paint is not acceptable in tanks for liguid cargo
with a flash point below 60°C or in adjacent tanks.

Systems for Cathodic Protection

All surfaces in the upper part of tanks down to a level not less than 1.5 m
below the top of the tank are to be protected by a coating. The coating and
any previously applied ship primer are to be suitable for use in combination
with a cathodic protection system. Sacrificial anodes are to be fitted for
protection of the remaining parts of the tank. 1In tanks for liquid cargo with
a flash point below 60°C and in adjacent ballast tanks, magnesium or magnesium
alloy anodes are not acceptable. Aluminum anodes may be accepted provided
they are located such that their potential energy does not exceed 275 joules
(203 ft. 1bs.). Tanks in which anodes are installed are to have sufficient
holes for circulation of air to prevent gas from collecting in pockets. 1In
tanks for water ballast only and in top wing tanks cathodic protection will
not be accepted as basis for the register notation CORR and dispensing with
corrosion additions.

4. GERMANISCHER LLOYD

Reference: Germanischer Lloyd Rules for the Classification and
Construction of Seagoing Steel Ships Vol. 1, 1980 edition.

For tanks, where an effective protection against corrosion is employed
approval may be given for the reduction of material thickness. If both sides
of the steel are protected, thickness may be reduced 1.5 mm and if only one
side is protected 1.0 mm reduction is permitted. When this reduction in
material is granted the class notation KORR will be assigned.

Drawing submitted for approval must contain both the required material
thicknesses and the proposed thicknesses. A description of the envisaged
corrosion protection system complete with all particulars is also regquired.
For structural elements also subjected to compression, the thickness may be

reduced only upon proof of adequate buckling strength.

5. LLOYD'S REGISTER OF SHIPPING

Reference: Rules and Regulations for the Classification of Ships-1978
Lloyd's Register of Shipping




All steelwork, except inside tanks intended for the carriage of o0il or
bitumen, is to be suitably protected against corrosion. This may be by

coatings or, where applicable, by a system of cathodic protection or by any
other approved method.

Where a coating system is proposed, the coating must have been approved by the

Society for the type of cargo to be contained in the particular space. The
coating must be compatible with any previously applied primer. Complete

particulars for paint, surface preparation, method of application and cargo
must be submitted.

Where a cathodic protection system is to be fitted in tanks a plan showing
details of the locations and attachment of anodes is to be submitted.
Impressed current cathodic protection systems are not allowed in tanks.

Magnesium anodes are not permitted in oil tanks but are permitted in ballast
tanks. Aluminum or aluminum alloy anodes are permitted in oil tanks but only
at locations where their potential enerygy does not exceed 275 joules (203 ft.
lbs.). Aluminum anodes may not be located under tank hatches or butterworth

openings unless protected by adjacent structure.

For ships engaged solely in the carriage of crude oil with defined ballasting

arrangements a modified corrosion-control system will be permitted in
association with the Register Book notation "(cc) crude oil defined
ballasting”. Modified corrosion-control systems which are acceptable are
shown in Table 2.3.1. Combinations of these or other systems of corrosion
control will be specially considered on the basis of equivalent protection.

Where an inert gas system is installed and tested and the notation "IGS" is
entered in the register book, the requirements for coatings at the top of
cargo or cargo/ballast tanks may be omitted on the understanding that the
system will be operated on a continuous basis. Where the notation "(cc)" is
assigned scantlings in tanks may be reduced in accordance with Table 2.5.1.

|
1
i
t




TABLE 2.3.1

CORROSION-CONTROL SYSTEM FOR

CRUDE OIL CARRIERS WITH DEFINED BALLASTING

Crude oil
only tanks

Dry spaces

surface of all horizontal
items in remainder of the
tank, also the bottom shell,
bottom longitudinals and
girders up to the level of
the top of the longitudinals.

All surfaces above the

normal liquid level {(see
Notes 1 and 2), bottom shell,
bottom longitudinals and
girders up to the level of
the top of the longitudinals.

All surfacs

ITEM COATINGS CATHODIC PROTECTION
Ballast All surfaces Anodes below normal liquid
tanks level plus coating of all

surfaces above normal liquid
level (see Note 1)
Crude oil/ A1l surfaces above the normal j Anodes below normal ballast ox
ballast ballast or cargo level (see | cargo level plus coating of
. tanks Notes 1 and 2) plus the upper all surfaces above normal

liguid level (see Notes 1 and
2)

Not applicable

Not applicable

NOTES
1.

2.

see 3.8.

The minimum coating is to be all the surfaces in the top 1,5 mm of
the tank.
For inert gas systeas,




Where the notation "(cc)" is assigned scantlings in tanks may be reduced in
accordance with Table 2.5.1.

TABLE 2.5.1 PERMISSIBLE SCANTLING REDUCTIONS FOR CORROSION CONTROL

Permissible
Item Reduction in
Thickness
Keel, bottom and side shell, deck plating
Bottom and deck longitudinals S per cent
[
Bottom and deck girders
Bulkhead plating protected on one side only 5 per cent
Structural items of tank minimum thickness within 1 mm or 10 per cent
| oil cargo tanks where protected on both sides whichever is the
lesser
|
Side longitudinals, bulkhead stiffeners (where
within a protected tank), and all other structural
items wholly within the tank, or forming the
boundary between two protected tanks, except
as listed above 10 per cent

NOTES

%

1. The hull midship section modulus and the scantling requirements for ‘

longitudinal strength are to be determined before reductions for
corrosion control are applied.

| 2. Where the inner bottom and the lower strakes of bulkheads and hopper
side plating are liable to grab or bulldozer damage, the reduction is
limited to 5 per cent even though both sides are protected.

3. Reductions to shell plating are not affected by the fitting of
‘ external cathodic protection.

4. Reductions of scantlings of longitudinal items contributing to the {
hull girder strength will be permitted only if the items are
protected throughout the full range of the cargo spaces.




r TT TR PR - - -

6. NIPPON KAISI KYOKAI

Reference: Rules and Regulations for the Construction and
Classification of Ships, 1979

when an approved measure of corrosion control is applied to tanks the required
scantlings of structural members may be reduced at the discretion of the
society.

Where an approved method of corrosion control is adopted and an appropriate
reduction in scantlings have been approved by the Committee the notation "CoC"
will be entered in the Register Book.
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I
1. INTRODUCTION \

Computer program "GENEC1" is a mathematical model for evaluating the economic
worth of a merchant ship or of a component system of that ship. It is written
in timesharing BASIC for the NNS Honeywell 6080 computer. '
The Measure of Merit developed by this program can be either Required Freight|
Rate (RFR) or Net Present Value (NPV). In either case, the resulting number
should be compared only with other Measures of Merit calculated by this or a
similar program. RFR or NPV can vary as much as 40 or 50% if differeént (but
equally reasonable and valid) assumptions are used for such things as frequency
and timing of cost payments or income receipts, escalation, taxes, etc.

|
No provision is made in this program for the effects of taxes, or of such tax
related stratagems as leveraged leasing, because these effects depend on
owner-related circumstances which are not governed by ship design. Each
prospective owner must, therefore, evaluate his own tax situation.

GENEC1 is a GENeralized EConomic analysis program in which the input data

define the mathematical model to be analyzed. These data are prepared and stored
in a separate data file. Any number of such files can be used, one at a timeﬂ
Input data subdivided into "Accounts", with the number of accounts dependent
on the complexity of the model. Currently the dimension statements of the
program limit the total number of accounts to 50, but this can easily be

changed.

{
2. PROGRAM DESCRIPTION \
!

Three different types of accounts can be used. Figure B1 is the input data
sheet for the "GENERAL" account. This sheet includes ship data, economic data,
and program control data. One such account is used for each data file. |

Figure B2 is the input data sheet for the "PORTS" accounts. This sheet includes
data on the port, on the route to the next port, on fuel consumption in port and
enroute, and on fuel and cargo loading, off-loading and costs in the port. At
least one such account must be used; there is no upper limit on the number of
these accounts.

Figure B3 is the input data sheet for the "COSTS" accounts. This sheet includes
data on the acquisition or operating costs to be considered, one account for
each cost. No cost accounts are required; there is no upper limit on the number
of such accounts. Figure B4 is a supplementary table of payment schedules which
is sometimes used in conjunction with a cost account. Currently the dimension|
statements of the program limit the number of such tables to 5 and the number of
entries per table to 100, but this can easily be changed. ~

|
These input data sheets permit each data file to establish any desired set of
conditions. An analysis can cover the total cost of owning and operating the 1

\

|




PROGRAM "GENEC1" INPUT DATA
"GENERAL" ACCOUNT # ¢ |
ALPHANUMERIC DATA (Enclose in Quotation Marks)
FILE IDENT. Fl1|L]E| [s]a|v|e[D| |A|T] on| | | IV /
[SHIP IDENT. ‘ g :
‘ NUMERICAL
LINE DESCRIPTION UNITS DATA
1 | NUMBER OF "PORT" ACCOUNTS (1 or more) INTEGER |
2 | NUMBER OF CAPITALIZED "COST" ACCOUNTS INTEGER
3 | NUMBER OF OPERATING "COST" ACCOUNTS INTEGER
4 | DISCOUNT RATE %/YEAR
5 | MONTHS FROM CONTRACT TO DELIVERY MONTHS
6 | SHIP LIFE YEARS
7 | NUMBER OF MEN IN CREW INTEGER
8 | OPERATING DAYS PER YEAR (Note 1)
9 | MAXIMUM DEADWEIGHT (fully loaded) TONS - o i
10 | MINIMUM DEADWEIGHT (ballasted) TONS
1 WEIGHT - CREW & STORES ~ TONS
12 - FRESH WATER TONS
13 - RESERVE FUEL OIL TONS
14 | MAXIMUM CAPACITY OF FUEL OIL TANKS TONS
15 | FIRST YEAR (after deliv.) OF PERIOD ANALYZED INTEGER
16 | LAST YEAR (after deliv.) OF PERIOD ANALYZED INTEGER
TABLE A - OPERATING DAYS / YEAR (See Note 2)
OPER. OPER. ' OPER. OPER. OPER. OPER.
R ] A
YEAR| navs  [YE2R| pavs YEAR| pavs  |[YEPR| pavs YEAR| pays || YEPR| pays
1 6 1 16 21 26
2 7 12 17 22 27
| 3 8 | 13 18 23 | 28
| ]
4 9 14 19 24 | 29
5 10 15 1 20 25 30
NOTES :
1. Values given in Line 8 mean:
(D) = Uniform number of operating days (D) each year.

(-1) = variable number of operating days per year as shown in Table A.

2. Table A follows Line 16. It is not to be used unless Line 8 is -1.
Only (N) Lines of Table A are used. (N) is the value given in Line 6.

FIGURE Bl
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PROGRAM "GENEC1"™ INPUT DATA

"PORTS"

ACCOUNT

ALPHANUMERIC DATA (Enclose in Quotation Marks)

NANE OF PORT INEENEEEREENRINANNED!

LINE DESCRIPTION UNITS R
- DATA )
1 | DAYS IN PORT DAYS
2 DISTANCE TO NEXT PORT N. MILES ‘.h
3 | SPEED TO NEXT PORT KNOTS ™
4 FUEL CONSUMPTION = IN PORT TONS/DAY ]
. 5 - AT SEA TONS/DAY i
6 FUEL -~ LOADED AT THIS PORT (Note 1)
7 - COST o $/TON e
8 - ESCALATION %/YEAR
9 CARGO - LOADED AT THIS PORT (Note 2) f
10 - OFFLOADED AT THIS PORT (Note 2) ,|,§,
11 - FREIGHT RATE (Note 3) i
12 | - ESCALATION %/YEAR T
NOTES: 1
1. Values given for Line 6 mean:
(F) = Amount of fuel to be loaded {tons). |
(-1) = FPuel needed for entire round trip is to be loaded (calculated by
the program). ‘
2. Values given for Lines 9 & 10 mean:
(C) = Amount of cargo to be loaded/offloaded (tons).
(-1) = Maximum amount of cargo is to be loaded/offloaded (calculated by
the program).
3. Values given for Line 11 mean:

Freight rate for cargo offloaded ($/ton).
RFR 1s to be calculated by the program.

FIGURE B2
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PROGRAM "GENEC1" INPUT DATA

” Cos.rs " ACCOUNT #

ALPHANUMERIC DATA (Enclose in Quotation Marks)

waMg OF cOsT IENINRRERRERREERREEEN

NUMERICAL
LINE DESCRIPTION UNITS SATA
| 1| AMOUNT (Note 1)
"2 | ESCALATION %/YEAR
3 MULTIPLYING FACTOR (Note 2)
; S
5 MULTIPLYING FACTOR (Note 2)
. — e
7 MULTIPLYING FACTOR (Note 2)
8
9 " TIME OF PAYMENT | (Note 4)
10 |
NOTES :

1. Line 1 may be given in "dollars™ or in any other units, depending on the
multiplying factors given in lines 3/4, 5/6, & 7/8.

2. Values given in lines 3/4, 5/6, & 7/8 mean:
(-1,F) = Divide Line 1 by (F).
(0,F) Multiply Line 1 by (F).
(J,L) Multiply Line 1 by the value of Account (J) Line (L).

3. Factors 3/4, 5/6, & 7/8 are applied sequentially so that:

Basic cost = (Line 1)*£(3/4)*f(5/6)*f(7/8).
Basic cost can be "per voyage" or "per payment".

4. values given in lines 9/10 mean:

(1,M) ="A single payment at the end of (M) months after contract (for capi-
talized costs) or after delivery (for operating costs).

(2,M) = Cost is per voyage (operating costs only). The total cost (before
escalation) of all voyages is divided into equal payments made at
the beginning of each (M) month period after delivery. Each payment
is escalated at the rate specified in Line 2.

(3,M) = Cost is per voyage (operating costs only). The total cost (before
escalation) of all voyages is divided into equal payments made at
the end of each (M) month period after delivery. Each payment is
escalated at the rate specified in Line 2.

(4,M) = Cost is per payment. Each payment is made at the beginning of every

(M) month period from contract to delivery (for capitalized costs)
or after delivery (for operating costs). .
(5,M) = Cost is per payment. Each payment is made at the end of every (M)
month period from contract to delivery (for capitalized costs) or
after delivery (for operating costs).
(6,N) = (N) payments made in accordance with Table B.

FIGURE B3
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PROGRAM "GENEC1" INPUT DATA

TABLE B FOR USE WITH "COSTS" ACCOUNT #

LINE| MONTH % [[LINE MONTH % LINE | MONTH $ LINE| MONTH | E
1 26 51 . 76 | *
2 ] 27 52 77
3| 28 53 78 r
4 29 54 | 79

5 4 30 55 80

6 31 56 81

7 32 57 ) 82

8 ’ 33 58 83

9 ’ 34 59 84

10 35 60 85

11 36 61 86 !
12 37 62 87 | ]
13 38 63 88 |
14 39 64 ] 89 i,
15 | 40 65 90 |
16 41 66 91 [
17 42 67 92 _
18 43 68 93 |
19 44 | 69 . 94

|

20 45 70 95

21 46 71 96

22 | 47 72 97 _

23 48 73 98 | ‘

24 49 74 99 .

25 50 | 75 100 | !

NOTES : l

1. Table B follows Line 10 of the corresponding cost account. It is not to be

used unless Line 9 of that account is 6.

1
|
2. Only (N) lines of Table B are used. (N) is the value given in Line 10 of thel
associated cost account. |

|

3. "Month" is the month after contract for capitalized costs and after delivery

for operating costs.

4. "$" is the percent of the basic cost (see Note 3 of the Cost Account Data
Sheet) which is paid at the end of the corresponding month.

FIGURE B4

B-6




ship, or it can be limited to the costs associated with one or several
components of that ship. It can cover the entire ship life, or it can be
limited to one or several years of that life. It can include the effect of
escalation on any or all of the costs and income being considered, with a
different escalation rate applied to each, or it can assume that these values
will not change.

The program will accept a round voyage touching at any number of ports, with
fueling and cargo loading or off-loading at any of them. The amount of fuel to
be loaded at any port can be specified, or the program will calculate the amount
needed for the total voyage or for the trip to the next port. The amount of
cargo to be handled at any port can be specified, or the program will calculate
the maximum that can be loaded or off-loaded. The freight rate for cargo
off~-loaded at any port can be specified; the program will calculate RFR for any
cargo which does not have a specified freight rate.

The number of operating days can be varied from year to year. The program will
calculate the average number of days per year for the operating period being
analyzed.

The average number of round trips per year is determined by adding the number of
days in port and the number of days at sea for all legs of the voyage to get the
total days per trip. This number divided into the average number of operating
days per year gives the average number of trips per year. These trips, together
with the associated income and costs, are assumed to be distributed uniformly
among the twelve months of the year.

Fuel oil (F.0.) consumed per trip is determined by adding the fuel used in port
and the fuel used at sea for all legs of the voyage. The program checks to be

sure that there always is enough service fuel on board to reach the next port,

and that the amount of fuel on board (including reserve F.0.) never exceeds the
capacity of the F.0O. tanks.

The maximum amount of cargo that can be transported on any leg of the voyage is
equal to the total deadweight minus the weight of crew and stores, fresh water,
service F.0. when leaving port, and reserve F.0. The program will add ballast as
necessary to permit safe operation in light condition.

Each cost account can be tailored to any desired conditions by appropriate
choices of input data. The amount of the cost is the product of four factors
which may be individually specified or may be referenced to other accounts and
line numbers. Payments may be made "regularly" at the start (or end) of
specified periods before or after delivery, or "irregularly" at any number of
specified dates.

3. PROGRAM THEORY

This math model is based on a Discounted Cash Flow (DCF) analysis of
all the costs and income involved in acquiring, owning and operating a

B-7




merchant ship over its total life, or over any selected portion of that life.
It can also be used to evaluate the economic merit of any selected part of that

ship. Figure B5 is a listing of the program, and Figure 6 is an index of theI
symbols used.

Income and costs are collected by months, with all transactions in a given month
assumed to occur at the end of the month. Transactions which occur on known |
dates (such as construction payments or insurance premiums) are included with |
other costs for the month in which they occur; transactions which occur at
unpredictable times (such as fuel costs, port charges, income, repair costs,
etc.) are distributed uniformly over the months of the year in which they occuf.

!

3.1 Escalation and Present Value

|
|
Escalation is defined as "the steady increase in cost of materials or services,
usually as a result of inflation". Every dollar value used in this math model |
can be escalated, with a different annual rate for each. Each rate remains
constant for the life of the ship. Date of contract is the base date for
calculating escalation, using the formula:

(m/12)
E = V 1+ —
100
where;
E = Escalated value ($)
V = Value at date of contract ($)
e = Escalation rate (%)

m = Months from date of contract
: \

Present value is defined as "the worth, on a specified date, of a payment made l
on some other date". Money paid or received today is worth more than the same
amount of money paid or received at a future date because money-in-hand today 1
can accumulate interest until that future date and will, therefore, have grown \
to a larger amount at that time. (This is completely independent of any change1
in the value of the money itself because of inflation or other factors.) all |
payments, then, must be "discounted” to establish their worth at some common |
date before they can be compared with each other in an economic study.

\
Date of contract is the base date for calculating present value, using the

formula: |

(m/12)

(Text continues on B-21)
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FIGURE B5
"GENEC 1" PROGRAM LISTING

10 DIM Cl(SU);CB(SD):CéES)sDCSUDpDEf5035D3<5UbsE(SD}sFl{SDhsFE(SU}
20 DIM FS(SO)!F4(50)!¢S(SD?sH3£5}9K4{5}rH{351UD“sH?(SUEsP(S;lDU)
30 DIM PLCSO sRESO a1 CO0 shZCSU sWZCS0 oG 50322050162

40 DIM DECI0) SIS0 oNVMICI 00 sV40100

S0 FILES

&0 DEF FNECH =(14R-100)4CK—=12-122

TN DEF FNP(XI=DC A+ 1+%1 000 C1=-kD 120

cn PRINT “OUTPUT DOPTIDN & WILL LIZT ALL OUTPUT OFTIONT™

A0 PEM+++++++dddttrttttttttrit+ DATA INFUT +++++++tdtttttttttdrts++
100 PRINT “DRTH FILE 3

110 INFUT F$

120 IF FS<>*"STOP™ THEN 140

120 ET0OP

140 FILE 31 .F%

150 Mi=0

160 P1C12=0

170 RERD #1+.F1%:N1§%

180 FOR I=1 TO 1é

190 RERD #1.2C¢1s1I2

o0 NEXT I

210 IF Z0180=>0 THEN 250

220 FBRE ¥=1 TO ZC1 50

20 RERD #1sDeCY2

240 NEXT Y .

2506 FOR J=2 TO Z2d1s10+1

2en P1{ds=0

270 RERD =1 NECl:

i FOR I=1 7O 12

READ #12CJsT12

RORDRORIE LY
[ =Y 1 U

k]

0 NEXT 1
G HNEXT J
0 T1=0

T30 FOR J=201 1042 TO 241 o1 3+4Z01 2204701 2 30+1

Za0 P1Cds=0

50 READ <1 HECID

zek FOR I=1 TO 10

70 RPEAD #1:7(1s12

220 NEXT 1

zap IF T40.92<f THEN 480

400 Ti1=T1+1}

418 IF Ti<& THEN 440

420 PRINT “TOO MANY IRREGSULAR FARYMENT SCHEDLWES®
4% 60 TO to0

440 P1CA»=T1

456 FOR I=1 TO 200100

45l RERD #1 sMCF1CJ0sInsFPCPIC 00T

470 NEZT 1

4z NEXT I

490 RESTORE =1

SO0 REM++++++tt+ttrttttttttr++++ [IRTH MODIFICHTION ++++e+trttsttetd
S1@ PRINT F1¥%

Seh IF Mi=0 THEN 540
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FIGURE B5 (Continued)

S30 PRINT "FILE MODIFIED AT “iT$:" ON "D

sS40 LET T$=CLKS

S50 LET I¥=DRTS

S50 PRINT "MEW DATA" TS IS |
STO OINPUT T1sTZ.T2 ‘
S0 IF Ti=0 THEN 240 ‘
s M1=i

00 IF T1>1 THEN 72 |
510 IF T2<%& THEN £50 ‘
IF T3{=ZC1s6 THEN T20

0 2C1s63=T2

{ 80 TO &70 i
i IF T2<»& THEN 720 |
| Z¢1s84=T3

IF Z2¢133=30 THEN 720 |
PRINT "INPUT OPERATIMNG DRTS<TERF FOR"IiZC(1,65:"VYEARS"

FOR ¥=1 TO Z¢1:6% .

INPUT DECY ‘

LA &3
o}

(s B

=D

1 NEXT ¥

ZCT1TE22=T3Z

IF T1KZC1s1 242 THEN 57
IF T2<>% THEN S70

IF T3<6 THEN S7O0

PRINT “HOW MAMY CHANSES®™
INFUT T4 ) :

FOR I=1 TO T4
INRPLT TSTELTTF
MIFICTL N TSH=TE
PERICTLsTS2=T7 \
NEXT I

&0 TO 570 |
REM+ sttt bt b bttt bbbttt bbbt IRYS-YOTRRE ++++++4+tt sttt ttbd ot
IF 201-8)<0 THEN €90 |
FOR Y=1 TO Z4¢1.:65 ]
PeCYs=2C1 50

NeXT 7 ‘
bd=0 J
FOR =2 TO Z¢1+102+1 |
Decdsx=CC0s1 0 . \

(O B e

Do W

e B e} =
aw

Y IR Bt B BRSSO B B B s (% ¥ s O O3 (O

LY O XN B 1 RN (I SRV 6 I SN o I B s SO B IV I 0

00 g T N D T e
e e e e B e e B S o B e B

el
L= ot B By

—

LN Bl GRS L el Gl FIc )

P4=D14+D2C¢ I3 +TSC I |

gy GO R IV IR R o T I I

)

1008 NEXT ¥

1080 Y1=T1/¢(TeeD4 >
1028 REM++dtttt bbbttt trstttttttt+ FLUEL M e ot
1020 F=0

104D FOR =2 TO ZC1as10+1
10530 F2CJr=210 1220 4:4)
1008 FOC =D 10eZ  ts50

1

Q40 NEXT J 1

95 Ti=0

Senl Te=0 1

Q70 FOR vY=201515% TO Z¢1 160 {

Q80 TI=T14DRCY )

230 Te=Ta+1 !
!
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FIGURE B5 (Continued)

F=F+F2C( 12+FS 1>

NEXT .

Fligr=0

FOE I=1 TO &

FOR d=¢ TO Z0is10+1

IF SCden<t THEN 1170

Fodr=Zc e

IF FICJr4+F3Cda=2F2000+FS0 12 THEN 1120
FROdv=sF2Cde+FSC a~F1C 00

S0 TGO 1180

Foids=F=F1¢ds

Fa( li=Fi(do+F3Jds=F2o 2

IF FA4( 0201142201 ,130+.1 THEN 127
Fa4(Jr=2¢13142=-201+13%
Faoldr=Fa4(dn+F2C di—F1Cd

IF I=1 THEMN 1240

FRINT “ZHIP CHAN ONLY LORD"SFICJ$"TONZ OF FUEL RT " SHEC0D

IF F4C(Ud:2FS5Cds—=.1 THEMN 12710

PRINT "0OUT OF FUEL AFTER " iN$CJD

a0 TC 29zu

F1(+12=F4:y Jr=FS¢ 13

IF I=1 THEN 137

IF FRE43C,.1 THEN 13260

IF ZCded< THEN 1330

IF FRddx{3Cdsnr+ .1 THEN 132320

PRINT "ISHIF MUST LORDT SFZCI>s"TONT OF FUEL AT " iMNECJs
I S0 720 THER 13280

PRINT “NO COET DRTHR FOR FLUEL HT " iNEI I
&0 TO 2%zl

Cl1cdr=F2¢ 0670 dsV D

NEXT .}

F1(22=F1CZC1+10+20 -

NEST I

FEM+4++ttrtrtttbtdttttttsttt++4+ DHREGO 20 BRALLAST ++4++tttttttrt sttt

TI1=E41 211042019180 +201 4133

W21 a=0

FOR I=1 7O ¢

FOR t=c TDO Z7ls12+1

IF ZCds103<0 THEN 1510

IF 204102030 0-12+.1 THEN 1490

W2 CJr=2Cd.102

B0 TO 1520

IF I=1 THEN 1510

PRINT “EHIF CAN OHLY OFFLOAD” sWICI=133"TOMZ OF CRRe0O AT
M2 =830 412

TE=Z€1 90 =T1=-F4( do=hlZ I~1 a4z 00

IF 2043050 THEN 1590

IF Z2¢4sFs:T2+.1 THEM 1570

M1eJs=2Cds S

&0 TO 1500

IF I=1 THEHM 1590

PRINT "ZHIP CAMN OMLY LOARD™STZ:"TONZ OF CHRED AT " sNEC s
Wlddn=Tg

WG da=ldIC =1 0=WS kil I

TANE LD
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FIGURE B5 (Continued)

{
b4 =0

IF 2C1s103<F4Ct34W3ZCI3+T1 THEN 1540

b € II=FCL s 10 =T 1=F4{Jo—WIC U

NEXT J

W21 =63 CZCL a1 0+1 ‘
NEXT I |
REH+***++**+++++***+*+*f?+++ CREH FLOW 444444+ttt artttdtrrtstettt
Ii=0

DS=0

E1=0 |
Ec=0

E1=2¢01 «534+120(2C1 s1S0—1 242

Ke=Z(1s53+12€2(1150+1

FEM. ceeneinneenna. s eseennee FORT ACCOUNTS @i et iirenenea odlo
FOR J=2 TO Z01s10+1

D=0

Ed =0

FOrR k=K1 TD K2

Y=INTOCK-201 8502071241 >
C=C1CUseDECY roFNECT L Jo 82001 ZeDI4D
DCI=FNPC2C1 vd3 3 |
Co=b2C(dreler Y »oFNECZC ds120 -V 12eDi4 \

PECAmEC I HCZ e 14T 2431000401~k 2120

NEXT E

Di=D1+D¢ 1>

IF 2iJs113<0 THEN 1900 ‘
E1=E1+ECire2C( a1l

RCID=ZCds11

¢ 50 TO 1910 \

ES=E2+E(J>
NEXT J

REM...... e temcrenncee. CAPITAL COST ACCOUNTE & v vnvnn..on
IF 2¢1,23=0 THEN EE7C

FOR J=ZC1313+8 TO ZC1a13+701 s20+1 (
DCJI=0 y
C3CII=TCIr1D !
FOR I=2 TO ¥ ZTEP &

IF 2¢J=13<>1 THEN 2000 ‘
IF 2¢0sI+10=8 THEN 2130

IF Z¢JsIs=30 THEN £020 |
CRCJI=CICII 20 s I+1 3 }
60 TO 2070 |
IF ZC¢Js1330 THEN 2060

CRCII=CRCII62C A I+1 )

50 TO 2070

CoCUI=CEC A T2 dal s sZidaI412D ’
NEXT I

ON ZCJs32 50 TO 209021301 30:2150:2150:2200

K=2(Js105+1

C=CRCAIOFNECZ(ds20 0

BCIr=FNP(Z(1s43)

60 TO 2250

PRINT “"RCCT."5J:"CRPITAL COZTT CANNOT DEPEND ON OPEFR. DAYS®
&0 TO 2920
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FIGURE B5 (Continued)

FOR K=14(T0 JsS0~d e tal1 00 TO Z¢1 534+ 0s92=43 ITEF Z0ds102
C=C2CIreFNE(Z (a2

D dr=FNPCZ(1 s

NExT K

G0 TO 2250

FOR I=1 TO (4102

K=14+PcPIC a1

C=CRCIISFNECTC des22 0o (PIC I s I -100

DOAR=FNPC(Z (] o4

NEXT 1

DS=D5+D( >

NEXT U

REM. i cenaennnanannsne e e e OFERATING COST ACCOUNTE .veea.. .-
IF JC1«30=0 THEN &

FOR J=Z01 3104201 a22+2 TO SOl s104Z01 2834501920 +1
Dgdr=0

ECT bl G

KSCJdx=0

FOR I=2 7O 7 ZTEF 2

IF Z(JdsIx{x1 THEN 2230
IF 2 dsI+1 2358 THEN 2280
S ta=1

GO TO 2450

IF S¢de10=00 THEN 2410
CRCAn=C20 0Tl ds I+ 0

0 TO 2450

IF Zcde 1220 THEN 440
CRCA»=CRidreZ i daI+10

g0 TO 2450

0 CA(Jr=C30JreZ (2 AT sZChaIx10n

NEXT 1

ON Z2{J+9> 50 TO 2470:2520,2520 257025702670
=201 a5+ 0 10041

IF K<K1 THEN 2730

IF K>k THEM 2750

E=C2{JaeFNECZC A2

DO AI=FHPCZC1 v42 0

60 TO 2740

Ti=Z2(dsS0-¢

C2CJr=C3Ctrr(Didelc)

ES(Jr=1

60 TO 2530

Ti1=20 0,504

FOR- E=K1+Ti1eZ()102—1 TDO KZ2+T1-1 ZTEP Z{.»100
M=INTCCR=-201sS0—20-12+12

: TF KSCAx=0 THEN 2630

C=C3CdoeDar Y seFNECS L IsZ s
&0 TO ze4
C=C2CAroFNECS(ds2 a2

D )a=FNPC(ZC] w400

NEXT K

60 TO 2740

FOR I=Y TO Z¢ds102
E=ZC1sSH4MCPICIr s T 341
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FIGURE B5 (Continued)

IF K<K1 THEN 2730

IF K>xkKg THEN 2730

C=C2(JreFHECS (U0 oPCPLIC U 102100

DCOX=FNPC(Z2C1 s42

NEXT 1

Iil=DI1+DC 1)

NEXT J ~

A 2 o ©000000O0 SIUMMATION . ... coococaoao CooDOOO o
Fl=0

T1=1+4Z¢1 s427100
Al=12¢T14CCZC1 sS40/ 1800 01 T10 el 185=19,0(1-T1 34201 963-13
AE=12eT14C(Z(150+ 1200201 315 =1 2+13/1830C(£1 T104 (1 12312

810 HE=RZ/ (LTI 04(ZC(1 s 1E0-FC1s1534+13=12
B0 YIZ=E1-D1-TISeA1 - R2
S230 IF EZ=0 THEN 2850
B4 Rl=-V2-El
850 IF Q1= THEN 4520
2850 REM++++ttttttttttttrttttttrtsd OUTPUT +4+444+++++4+4+tdttbttrttttt s
Z2E70 PRINT
2280 PRINT "OUTPUT *;
S890 INFPUT 21
2900 PRINT
S910 ON @1 50 TD SOS00s2060s3420+39401 2401 0247304950
o920 PRINT "OUTPUT (MUST BE 1. 2 OF S5 "3
29z0 INPUT 91
2940 FRINT |
=950 ON @1 B0 TO wufSﬂus:qcu~:ScU-c°En-c°¢ﬂsdwdu-slon }
S50 REM+++4++4ettttrrttrsra+++4+4+ SUEROUTINE FOR HEgD INGS 44+ttt |
2970 PEINT H1% ‘
2930 PRINT © IHTA FILE: ":iF$%
2990 PRINT © "iF1%
3000 IF Mi=0 THEM 32020 . ‘
2010 PRINT * FILE MODIFIED AT “sT&:” OHW " sD&
S020 PRINT USING S0R0s2C1 9150 -2¢1 4180
ZOZ0EXPENSES FOR YERRZ #3 THRU =3 AFTER DELIVERY USED IN THIEZ ANALYZIE
3040 PRINT
N RETURN

20740
3080
2090
310D
Z131@
2126
2136
314¢

EEM+++4++tdttdtttttttrttttttdt YOVABE DATH ++ttttttttbdtdt bttt
BOZUE 2970

FOR =2 TD Z¢1s13+1

PRINT “<<<C4 "SNELIDF" 2302 0"
PRINT USINE Z1505Z2C0s20 sZ2( 4532
PRINT USING 31£0sD20 00 sFECd)
PRINT USING 2170sD23C A0 FSC. 03
FRINT USING Z120sF2(Jd7

PRINT UZING :1qn-u1<J\-UE(JW

S150NEXT LERS OF

SleB:TIME IN PORT
21702 TIME AT

ZEHR

Zlag@:FUEL LDADET

Z198:CAR60 LOARDEL
'DEPHPTHPE W

CREM 2

FRESH UHTER

g0

seie:
sc2e:s

PRINT

—Ae 2h ss 4b As dl“ [] AL
=Nt es ., R
- as  sadsr ST
a2 DAYS,
A Sk Sh S dh A S da Lond
- > v >y PN

sassssss TONS.,
IGHTS
STORES=smsaasas TONS

sk as ae on st 20 wa St o
E Rt =

B-14

- AT s e KNOTS

L% ITINIS 2sossesesessanas
| 1 SRttt 3

= £ 2essscassasieass
RN = IRttt ]
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TONZE
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OF FUEL

DFFLOARDED=ssssanes TONS |




FIGURE B5 (Continued)

12D HLIZC D I

230 BRRALLAZET =snasssss TONE

2240 TERVICE FUEL =ua#sussiss TONI

22502 FESERVE FUEL == # TONE

2608 CHRB0 =3t #3 TONE

z2270: TOTAL =3 & TONZ

S0 cMAX IMLIM IERDME I GHT=asususss TONT

zzad PRINT USING F210.3018112

2200 PRINT LSINGE aZ20s201s12?

2310 PRINT USING ZER0ehi4 (1D

2320 PRINT USING Z240F4( U0

23230 PRINT USING GBS0 1 130

2340 PRINT USING S2A0sh3CID

2350 PRINT LUSING 32?052(1511)+E{19123+H4(J}+F4(J)+2€1 R

2260 PRINT USING 328052C1:93

2370 PRINT

2380 NEXT J .

=290 PRINT "TOTAL DAYS s ROUNE TRIF="3D4

2400 PRINT “AVERRGE NUMEBER OF TRIPS PEFR TYEAR=" VY1

=410 =0 TD 2800

2420 REH++++¢++++++++++++++++++++ PRESENT “RLUESZ B e a s b 20 2 o ob o g

3420 ROSUE 2970

aa4Ns<<<<< INCOME PAxFE: TOMS DELIV. §.-TOH EZCAL . FREEZ.WHL.
Sn: FER YERE s CEIOOO
60:’LLLLLLLLULLLLLLLLLLLLL e e e a8

DO RN

-y
-t
L
-

=

=
et

<
=t

ps
o

L G € G0 0 0 D

DY L) L )

BIEVARIL

X

TOTAHL mastainanns

b

Db kbp

ot 0

[~

'=I0|:‘ ....... FL‘EL- " e o™

2L EXPENSES SR> AViZ . ANMH. ESCRL. » OF FRE=Z .YHAHL . FFE
: CELODGS 0 TOTHL CEIODO D

510:’LLLLLLLLLLULLLLLLLLLLL seessessananar  ges s maSS SRR SSSHBEHE BR2 ST

2D, .. - CAPITRLIZED ... ..

= - sedudeda Sk Jb 4 dh S AL AL
fam, = | SESrSParTrss veNr P vr T

550 PRINT USING 3440
550 FRINT USINE 34350

570 Ti=0

sen T2=0

590 FOR J=2 TO 201:12+1

600 IF TCJs112=>0 THEMN 2820
€10 RCI=R1

DBl b DA BB ke ST b bk Bh AL ssan el Sha>
o e L TR TR L T g wrITOr 5 WP

£20 PRINT USING 34609H$(J39HE(J)*V1!E§J)sZ(Jle}sE(J}*R(J?NIODU

(35
)
L)

Ti=T1+W2(Jre¥]
Te=Ta+ECIseRCJD

S0 NEAT

At FRINT USING 2470:T1.T2- 1000
70 FRINT

qi PRINT USING 3480

Sis PRINT LUZING 3490

. s
=

1Ty T

T Ty Oy

ToR Ti=0

710 PRINT USING 2500

720 FOR J=¢ TO Z01s10+1

220 T4=1D0eRzZeD( 10/ (Azelil+A1eDDD

748 PRINT USING 2510 NEC I PAZSDC A1 D00 T (I8 s T4 D0
750 T1=T1+AZeD(. 12
7an NEXT J
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FIGURE B5 (Continued)

Y70 OIF ZC1s83=0 THEN 285¢
V80 PRINT USING 2520

VR0 FOR A=2C1a10+2 TO Z01 1 0+7¢
2E00 Ta=100eRIeDI( I CAZONI+H] oIS
210 T2=R1eD(Ji-CRAZe1 000>

3520 FRINT UIZIING ZS10sNSCUY sH1eT
2820 Ti=T1+HieNn 4o

28340 NEXT o

2830 IF Z¢1.33=0 THEN 2920

2260 PRINT USING 3530

2870

BE0 Ta=100eRzenc I (RZeN1+H] DS
2]

SO0 Ti=Ti+RZeh( )

Q10 NEXT J

0
D

¥i)

I TN poLa
Lo R e ]

FRINT
REM+++ttrt bbbttt bt bbbttt ett
IF E2<>0 THEN 2990

INET PRESENT VYRLUE=snsssszsin

=]

D0 0) Y G0 00 0 03 G L) G D

WYV RLY IY (IY v IR¥ ¢

0 PRINT USING ZS80%E-1000
O 50 TO 2960
380 PRINT “CRLOCULATEL RFR="3iF1;
4000 50 TO 2860

G010 REMe++++dttttdtdttttdttdtdt
4020 PRINT "WHAT ACCOUNTS “;
4030 INPUT T1aTSsTZT4sTS

042 PRINT “WHAT MONTHS “3

050 INPUT TET7

4050 PRINT

4070 60SUER 2970

4080 PRINT "<<<<< CO2TS BY MONTH
2030 PRINT USING 4100sN8cT1 ) «NEC

4100:MONTH “RRERRRRRERE ~FRFERRERE

ALt e 2L 64 Db de S Ab 90 S0 At da s 4b AL as Sh ah B

legn+]
2

(J}fIUﬂUsEﬁJsE)5T4!T3-T49R1f100

-,
,l

FREINT USING 3510!H$(J}!HE‘D(J)fIUUG!EQJsE?3T4stJ}fIDUD!T4‘Pl/IUD

+ RFE OF NPFY +4+tsttttrdtdttrdttrdtdtst

(.

“$-TOM AT DATE OF

+ COZTEZ BY MONTHS

L R 1]
s N e Y

T2 s NECTZ) sNEC T4
RRRR - FRRPRERRRRE

FOR 1=ZC1s124+20C1s2+2 TD SOl el 04701 s34 0 1 82041

PRINT UIING FE40-T1-10005COI+R1eIS-AS27 1000 sR1

CONTRACT™

e b R S SR Ay

sNECTD s
“RERRRRPREERE

|

THERRERERERERRE

#o an sban

jStvarsnan g R e D L T N UV
- v eewr T T S N T T N N T W W I Irsr W I Wi R R T RN EN NS snmnns WP VPP T VP VYT Ve $r e e

4120 IF Té&x0 THEMN 4140

4120 Ta=0h

4140 IF T74<ZC1:s5:+176Z2¢1 83 THEN
4150 TP=ZC1 95041202101 452

4160 FOR K=TH+1 TO T7+1

41748 Y=INTC(C(KE=ZC1 +5)=22-1541)
4180 I=T1

4190 I=1

4200 SOSUE 4400

4z1ig I=Tg

4228 1=z

3230 SO0SUE 4400

4744 I=T32

42506 I1=32

4268 GOZUE 4400
4270 I=T4

4C80 I=4

4290 e0ZUE <4400
420¢ J=T%

4161
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FIGURE B5 (Continued)

4210 I=5
4220 GO0ZUER 4400
4330 FPRINT LIZING 4110 K =1 031004020 s0dCT0 04740 04CHD
4240 IF K<xK1-1 THEN 4240
4350 PRINT "+++++FIRST MONTH OF OPERATING ExPENSES INCLUDED IM AMALYZIZ™
42610 IF K<»kZ THEN 4380
4370 PRINT “"+++++LAST MONTH OF DOFERATING EXFENZET INCLUDED IN AMNALYZITT
Z20 NEXT K
42320 30 TC 2&8&0
4400 REM++t+ttttstttertrttttdtttted ZUEROUTINE FOR MONTHLY LCOIZTS +++++
4410 C4¢Tr=0 !
4420 IF ATl s10+1 THEMN 4450
4420 IF KE<201S042 THEN 4450
4440 CACIv=CleJreDIS (T reFHE(I( JsG3r 1 Dd4el12)
3450 FETURN
4450 IF K>TE+1 THEN 43510
4470 KI(Ix=1
4450 K4(I2=1
4490 IF J{ZC(te1 24201 s20+2 THEN 4510
4500 KI(Ix»=Z201:52+1
510 ON Z(4.92 0 TO 4520 s 4S50 4SS0+ 4ST (457 0 4250
4520 IF KE<»Z0Jde100+1 THEN 4540
4530 40 x=CR dreFNELT (a2
4540 RETLIRN
4580 IF K{RKECI+Z0 49— THEN 4£40
4550 30 TO 4580
E70 IF K{PKZCIa+2C 9 0-4 THEN 4540
SEn IF JrZdla1042¢120+1 THEN 4&00
4590 IF M>ZC1s5r+1 THEN 4c4U :
4600 C4CI =030 I0eFME(Z(ds232
4510 IF ESCU»=0 THEMN &30
4520 CACIx=C4L] el
4630 KICT =3I {I 2424100
4540 FETURH
4650 IF K4CId>ZTcd.102 THEN 470D
4660 IF K<M(PIC A K4 (I 2+E2CI2 THEN 4700
4570 IF KEDMCPICA sk LI 24+K34IY THEN 4710
4580 CA4CIx=CaCIreFNECZC Ay 0eF (P10 sk4 I 23,100
4590 K4CI=K4C] 2+1
47006 RETURH
4710 KaCI=K4(]»+1
4??0 =0 TO 4650
4730 FEF+++4+4+4+tttdtttdrtrdrttsttss PARPAMETRIC STUDY +++srtdtrdttrtst
740 PRINT "——————— PARAMETRIC ZTUDY -————————— "
4750 SOZUE 29710
4750 PRINT “NAME OF FPRREAMETER 73
4770 INPUT PS
4730 PRINT “"RANGE — LDOWs HIGHs STEP "3
4730 INPUT LeHsZ
4200 PRINT "NUMBER DOF ACCOUNTZ AFFECTED s
4210 INPUT M
4220 FOR I=1 TO M
4236 PRINT "ACCOUNTs LIMNE =%
4340 INPUT YI(IDeWdaiIn




4850 NE=XT 1

430 PRINT

4570 FOF- Il=L TD H ZTEF =

4220 FOR I=1 TO N

4890 ZOYICI V4TI =11

4300 NEXT I

4910 30 TO S40

4320 IF E2=0 THEN 4950

4930 FPRINT "RFR="SE15"$-TON WHEN PARAMETER="311
4340 GO 7O 4940

4950 FRINT “"NPY="IVZ3i"% WHEN FARRMETER=":11
45a0 NEXT I

4970 20 TO 2860

G550 REM+++++++t+++t+tttttetet++++ QUTPUT OFTIONS
4390 PRINT “<<<<< DUTPUT OFTIONS >3x>a>"

S000 PEINT "1 = (ENTER NEMW IRTH FILE"

S010 PRINT “2 = ¢MODIFY CURRENT DATA FILE)"
5020 PRINT 3 = YOyR&E DARTA®

S0Z0 PRINT "4 = FPRESENT VYARLUE DATR"

S040 PRINT "S = RFRE OFR NPVY"

5030 PRINT "& = COSTS BY MONTH:R"

S050 PRINT 7 = PRARAMETRIC STUDY"

070 FRINT "8 = LIST OF OUTPUT OFTIDONS

5020 PRINT “STOF = TERMINATE PROSRAM EXECUTION®
S030 80 TO 2880

D100 PRINT “<<<«<< OUTPUT DPTIONS »:rxe"

S110 PRINT “1 = CENTER MNEW DRTR FILEDM"

S1z20 PRINT "2 = cMODIFY CURRENT DRTR FILE>”
S1Z0 PRINT "2 = LIZT OF OUTPUT DOFTIONS®

5140 PRINT "3STOP = TERMINATE PROSRA® EXECUTIONT
=190 60 TO 2%20

FIGURE B5 (Continued)
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FIGURE B6
PROGRAM "GENEC1"

A1 Average annual cost coefficient (capitalized costs)

A2 Average annual cost coefficient (operating costs)

© Escalated cost

C1(J) Cost of fuel per voyage, not escalated, port (J)

Cc2 Escalated value of tons of cargo off-loaded

C3(J3) Basic monthly cost, account (J)

Cc4(1) Monthly cost, output column (I)

D{(J) Discounted value of cost, account (J)

D$ Date of program execution

D1 Total discounted value of all operating cost accounts

D2(J) Days in port (J)

D3(J) Days at sea after port (J)

D4 Days per round trip

D5 Total discounted value of all capitalized cost accounts

D6(Y) Operating days, year (Y)

E(J) Discounted value of tons of cargo off-loaded at port (J)

E1 Total discounted dollar value of cargo off-loaded at ports with
specified freight rates

E2 Total discounted value of tons of cargo off-loaded at ports with

unspecified freight rates

F Total tons of fuel used for round trip
F$ Name of data file

F1(J) Tons of fuel on board, arriving port (J)
F1$ Identification of data file

F2(J) Tons of fuel burned in port (J)

F3(J) Tons of fuel loaded, port (J)

F4(J) Tons of fuel on board, leaving port (J)
F5(J) Tons of fuel burned at sea after port (J)
H High value for parametric study range

I Index

I1 Index for parametric variation

J Account

K Month (date of contract = 1)

K1 First month for cost calculation

K2 Last month for cost calculation

B-19




LIST OF SYMBOLS (Cont'Qd)

K3(1)
K4(1)
K5(J)

M(J,I)
M1

N$(J)
N1$

P(J,I)
P$
P1(J)

01

R(J)
R1

T$
T1/T7

Vi1
v2
V3(N)
V4(N)

W1(J)
wW2(J)
W3(J)
w4 (J)

Z(J,I)

I

Index for monthly cost subroutine, column (I)

Index for monthly cost subroutine, column (I)

Index to show when "operating days" are used as a multiplier for
account (J) ‘

Low value for parametric study range

Month cost is incurred, account (J), Table B line (I)
Index for modifications to data file

Number of accounts affected by parametric variation
Name of account (J)
Name of ship

Percentagé of total cost, account (J), Table B line (I)
Name of parametric variable
Index for irregular payment schedule, account (J)

Index for output option

Freight rate (not escalated), port (J)
Required Freight Rate (RFR), not escalated

Step value for parametric study range

Time of program execution
Temporary variables

Average round trips per year of period being analyzed
Net present value

Account number affected by parametric variation, case (N)
Line number affected by parametric variation, case (N)

Tons of cargo loaded, port (J)

Tons of cargo off-loaded, port (J)

Tons of cargo on board, leaving port (J)
Tons of ballast on board, leaving port (J)

Year (first year after delivery = 1)

Input data, account (J), input data sheet line (I)
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where;

P = Present value ($)
F = Future value ($)
d = Discount rate (%)

m = Months from date of contract

Both "escalation" and "present value" normally refer to the dollar value of a
transaction. When the RFR is unknown, however, it is convenient to apply these
formulas to the tons of cargo off-loaded. The resulting numbers are then
multiplied by RFR (when it is determined) to get the corresponding values for
income. Mathematically, this has the same result as applying the formulas
directly to income, but it makes the calculation of RFR much simpler.

£

3.2 Costs and Scrap Value : s, s

Cost accounts are identitfied as "operating" or "capitalized". This distinction
has no effect when the economic study covers the entire life ot the ship, but it
is needed when the study is limited to only a part of that life. Operating
costs which occur during the period being studied are included in tne analysis;
operating costs which do not occur during that perioa are ignored. All
capitalized costs are included regardless of whén they occur.- 'The expected
scrap or resale payment is treated as a (negative) capitalized cost.

Average annual cost for an operating account is defined as "the uniform annual
cost, payable in equal monthly installments over a specified period of the life
of the ship, which would have the 'same present value as all expenses incurred
during that period by the operating cost account." It is calculated by the
formula: '
- S ™~

(1/12)

~
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where;
A = Average annual cost ($)
P = Present value of account ($)
d = Discount rate (%)
m = Montns from contract to delivery
Y1 = First year (after delivery)

of period being studied

Y2 = Last year (after delivery) of
period being studied

Capitalized costs are amortized over the total ship life, regardless of the ’
period of time being analyzed. When this period is shorter than the total smip
life, only the amortization payments made during the shorter period are included
in the analysis. The present value of such a capitalized cost is the present
value of these amortization payments, not of the actual cost payments. This
permits the remaining amortization to be accomplished during the portion of ship
life excluded from the study. f
Average annual cost (amortization payment) for a capitalized expense is de;iked
as "the uniform annual cost, payable in equal monthly installments over the
operating life of the ship, which would have the same present value as all
expenses of the capitalized cost account." It is calculated by the rormula:

m+1) )

100 ( d )(1/12)
1 + —

-1




where;

A = Average annual cost ($)

P = Present value of account ($)

d = Discount rate (%)

m = Months from contract to delivery
Y = VYears of ship life

3.3 Measures of Merit

Required Freight Rate (RFR) is defined as "that freight rate which makes the
present value of all income equal to the present value of all expenses". It can
be calculated for all the cargo delivered in a round voyage, or for some of that
cargo (which may be delivered at one or more ports of a multi-leg voyage) when
freight rates are specified for the remaining cargo, using the formula:

Pe = Py
FR = ——
RFR Pg
where;

RFR = Required Freight Rate ($/ton)
P, = Preseant value of all costs (3)
Pj = Present value of specified income ($)
Pga = Present value of all cargo delivered

with unspecified freight rate (tons)

Net Present Value (NPV) is defined as "the difference between the present value
of all income and the present value of all expenses." It is calculated only
when freight rates are specified for all the cargo delivered in a round voyage.

The formula is:




where;

NPV = Net Present Value ($)

c Present value of all costs (§)

o
]

o
I

i Present value of specified income ($)

4. INPUT

Program "GENEC1" requires a separate data file. Figures B1 - B4 are the input
sheets used for this file, and Figqure B7 is a listing of a sample file. Any
number of such data files may be prepared and saved. They are used Qhe at a1
time and are called for as needed during program execution.

Each data file has line numbers separated by one blank space from the succeeding
data items (these line numbers are not used by the program). Data items arei
separated by commas, with a comma at the end of each line, and alphanumeric
items are enclosed in quotation marks. Line numbers on the input sheets are |not
used in the data file, but are used when modifying data during program
execution. ’

5. OUTPUT
Program "GENEC1" can produce any or all of the six sets of output shown in |’
Figures B8 - B14 (identified as Type 3, Type 4, Type 5, Type 6, Type 7 and Type
8), as selected during program execution.

Type 3 output (Voyage Data) is shown in Figure B8. This output contains four
blocks of data. The first block identifies the data file used. The next tw
blocks give information on each port visited, and on the sea trip to the next
port. (If the data file had held information on more or less than two ports
then there would have been more or less than two such blocks of output.) The
final block gives the total time per round trip and the average number of trips
per year.

Type 4 output (Present Value Data) is shown in Figures B9 and B10. This output
also contains four blocks of data. The first block identifies the data file
used. The second block, "INCOME," shows the amount of cargo off-loaded at each
port, its freight rate, escalation, and present value. It also gives the total
present value of all income. The third block, "EXPENSES," gives the average
annual cost, escalation rate, and present value of each expense account. It
also gives the total present value of all expenses, the percentage share of that
total which is attributable to each account, and the amount of RFR which is
attributable to each account. If RFR was calculated, the fourth block gives its
value, RFR, as shown in Figqure B9. If a freight rate was specified at every
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FIGURE B7
SAMPLE DATA FILE

+LIET ZAMFPLE

i "FILE =AWYED AT 1d.414 ON DR-05-007,

10 "EXAMPLE ZHIF" a2 s8R 33092030+~ 1 2250000 100000,
11 1001503501 0001 s20

18 20390930034 0360250030330 23502250
12 SE0s2AUr 300250 200340 35N SS s 2h B e 255
S0 “LOADING PORT " 22« 1200015 .2 e 15503 sET 1SS =1 s 0ialially
S0 "DISCHARGE FORT " sZ 1200017 322132 . 521€0 . 2000 DeDa—1a—1 a0
40 "RACOUIZITION" 10000000 s 0al onl siial s a6y

3] B3l 1Za8s18 41332322 s 3025 s2641T s

S0 "CONSTR. ADMIN, " »7000sSs0el s0ad sl a5l

0 TRCRAF VALUE” »S00000N e slis—1 sy 0l alisl sl 2376

TH OOMANNING  «S0000sS .51 97 s=1 910312581

S0 TEUBSISTENCE 2SS 158 el o7 sl aSe—13120501 s

SOO"H R M OINSURRNCE® o2 s 185 a0 sd 91 s=1 100021 s8+18

108 "FP & I IMSURANCE” 21 .25s3 01 5% sl slelsdalc

110 “ZTORES & SUPPLIES " s150000,7 . Se=1 a1 aiieol alislsSsls

120 "PORT CHARGET " « 140000 sSalel sDsl aliel sZsl

120 "ROUTINE MAINT . " s2000005s=1+12 a0l olial a5l

140 "REPRIRSOVERHAULY « 1000000 S sNal a0l alisl sbslSy

141 12310 a8 sttt 1S e s Sl e 1S eV a2 o84 015295 s 1 (s

142 1081521202013 5s15013a 003158215108 sST 1800151222100,
142 2044152152528 :215 ’

e
-
I
— |
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FIGURE B8
SAMPLE OUTPUT, TYPE 3 |

guTPUT *Z |

EXHMPLE SHIF

IATR FILE: ZAMPLE

FILE ZAVED AT 1&.419 OM 0S-0S-50
EXPENSET FOFR YERRS 1 THRLU 20 AFTER DELIVERY USED IN THIS AMRLY ST

<4<4s LOADING FORT > x>y
NEXT LEG OF YOYRGE= 1c000 MILETZ AT 1S.20 KNDTE

TIME IN PORT = .00 DAYE S UZING ¥& TOMZ OF FUEL
TIME AT =ER = .68 DRYEZY UZING 2408 TOME OF FUEL
FUEL LORIED = 10394 TONZ

CRRE0 LOADED = 232582 TON:s OFFLORDED= 0 TOMZ

DEPRRTURE WEIGHTS

CREW & ZTORES= 100 TONE
FRESH WRTER = 150 TOME
EALLAST = 0 TOME
SERVICE FUEL = 10312 TONZ
FEZERVE FLUEL = S50 TOMS
CREEO = Z2858& TONE

TOTARL = 250000 TOMZ

MA-IMUM DERDWEIGHT= 250000

TONZ ”

3

o< DISCHRAREE FPORT »xkx>:

MEXT LEn OF YOYRGE= leonn MILES AT 17.82 KNOTSE

TIME IN FPORT = 2L 00 DARYS Y UZIMG Sve TOME: OF FUEL
TIME AT ZER = oL 08 DRYE . UZING 4632 . 3NT OF FUEL
FUEL LDORDED = 0 TOHE

CAREC LOARDED = 0 TOMZ s OFFLOARDER= 232582 TONS

DEFPARTURE WEISHTE

CREW & ZTOREZ 100 TOWE

FEESH WATER 130 TONE
BALEAET Fg2ecd TONE
SERVICE FUEL ez TONE
FESERVE FUEL 50 TOWZ

CHRGO 0 TON=
TOTAL 100000 TOWE
MAZIMIM DEADWMEIGHT ES0000 TONS

TOTA. DAYE. ROUND TRIP= &4 . 7381
AYERASE NUMEER OF TRIPS PER TYERR= T.4543E85
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FIGURE B9
SAMPLE OUTPUT, TYPE 4 (RFR)

guTPUT T4
E=AMPLE ZHIP
: IATR FILE: ZAMFLE
FILE ZAYED RT 10.414 DN 0S<05-20
E~PENSES FOF YERRST 1 THEL 20 AFTER DELIVEFRY
L4 INCOME >5005 TOMNS DELIVY. 3. TOM
FEF YERF
LOARDING PORT 0 ]
DISCHARSE PORT {a0zs9s 25,07
TOTAL 13035
EXPENSES »>>33%: RYS.HNM.  EZCAL.
CcEIQADD L

AL

eees FUEL. ...
LOADING FORT
DIZCHRRBE FORT
ereaCAFPITALIZED.....
ACOUISTITION

CONSTR. RIMIN.

ZCRAP YALUE

..... OFERATING.....

D]
E Y
[
M

Das B 1LX

S . nn

.00

H
DL
0y

L
L0
. . TV

DOCEN

I 0l SO
L $a 0

s

MANNING 3 .50
ZUBSISTENCE .00

. Q
L
S0

H & M IMIURANCE
F & I INSURRNCE
STORES % SUPPLIES

=t

Do SN LY I GRS OO R e N

ey o Ja 0 = G0 N

Py B 0T 00 P o= e N3G
[ STt J o8

FORT CHARBES 1 a0
FOUTINE MAINT. 2.00
REPRIR-OVERHAUL - .00

TOTAL

CALCULATED RFR=

ro

5.0:8971
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FIGURE B-10

SAMPLE OUTPUT, TYPE $ (NPV).
DUTFUT 74

TEXRAMPLE THIF

DATR FILE: IRMPLE

FILE ZAVED AT 10.414 0OM 02-05-30
FILE MODIFIED AT 2,355 0OH 090380

EXFENSEZ FOR YERRE 1 THRU 26 AFTEF DELIVERY LZED IN THIZ HANALYS1E

SO Es IMCOME >33 x TOMZ DELIV. T -TON EZCHL . FREZ WAL .
FEF VERF k CELOOO
LORDINE FORT i 0 L0 0

DIZCHARGE PORT 1412378 cS .00 L0 ISR3410)
TOTAHL 141z9ve =SE340

L4 EHMFPENSES »>rr2 AW RNM.  EZCHL. = OF FREZ .VARL .
CERA 000 D TOTAL CELIO00
eeveFUEL L ...

LORDING FPORT = P S.o0 25 .94 2217
LISCHARGE PORT 0 o RN I
..... CRFITALIZED.....
RCRUISITION 12353 . 0o Vo nd 112328
CONETRE. ADMIN. 24 S0 L1 =4z
ZCRAFP YARLUE -259 oL 0 -1.10 -22z1
..... ODFERATING.....
MAMRING 2853 .50 11.72 ZEzRd
ZUBETISTENCE 1z2 = -3 ST
H & M INIURANCE 1414 L 4,32 inzve
F o2 I IMZURANCE 5=1 5. 0o 1.62 Za9z
LZTORES & ZUPFLIES a4z TL.S0 1.08 =91z
FORT CHRRBES 1468 . 04 .45 1G7ET
FOUTINE MARINT. ToE LA 2L.22 LG
FEFPRIR-OYERHALL “ESS =L 00 2.12 Soan
TOTHL 22701 oRRIET

HET PRESENT VALUE= 19072000 %

\

1

SO0
Jon

00
Jon
L
|

L0n
i
L0
L0
LI
RN
o DI
SN

K




<0l D GEMEL1
*F LN

FIGURE Bil

SAMPLE OUTPUT, TYPE 1, 2, & 5

QUTFUT DOFTION = WILL LIZT ALL DUTRUT OFTIONY

LRTA FILE TIAMFLE
FILE SAVED RY 1U 4
MEL DRTA

Tl

QuTPRUT 75
CALCULATELD RFR=
guTPuUT v

FILE =RYED AT 10.4
NEL DIHTH =
TEa11425

TOeOsld

guTrRuT TS

HET PREZENT VHLUE=
OUTRUT 7E

FILE SAYED RY 10.
FILE MOLIFIERD HT
NEW DRTH

T1eS 270000
Thalall

[¥e)

guUTPUT 75

HET PRESENT VALUE=
guTPuT w1

IIRTA FILE 7XAMFPLE
FILE ZRVED BT 10.4
HEW IWTH S,
Tliastssld

puTRuT 75

CRLOW ATED FFR=
DuTPuUT FIZTOFR

FERDY

14 0OH 039-05<20

221 03 - 032

SS.0ESTY F-TOM AT

IATE OF CONTRACT

S DS 3-20
—cEannn %

414 OM 09-05-30

2.8ze OM 09-09-80

S3z A9

19072000 %

14 OM 0%-05<8

S432

=

e
L
by
I

25.06571 K-TOM AT
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FIGURE B12 ‘
SAMPLE OUTPUT, TYPE 6

OUTPUT 76

WHRT HCCOUNTE TS +4:3:%914
WHAT MONTHS 7352 J
E=AMPLE ZSHIF ‘
DARTR FILE: IHAMFLE ’
FILE TAYED AT 10.414 ON 03-05-50
EXPENSES FOR YERRS 1 THRU 20 A/FTER DELIVERY UZED IN THIZ AMALYEIZ
S84 COSTE BY MONTH: x> >
MONTH LORDINS PORT RCAUISITION ZUBSISTENCE H & M INMIURAR REPAIF-DOYERH
25 ] 0 0 ] 0
36 1] 249 ES 0 1250000 it
4+++++FIRST MDHTH DF OFERRA EXPENSES INCLUDELDL IN AMARLYZIE

|:h

71

T

=
IN

| crg 42812 0 talrs n {
28 490110 0 ] 0 0
¢ 492107 o 59 0 0
44 433112 0 bl n 0

41 436125 . i
42 492146 0

0 1]
] 0

1T 0 1T
LN G =Tl L A, sJ

xRN s C 2 SR B T B LR SR L)

43 SO0178 Y] 1 o 0
34 Sozz14 0 &1 0 i
45 S 042610 i &1 o 0
LTS S08314 0 BEES a i
47 SOSETT i EEEL i 0
48 S10448 0 =305 1350000 204073
49 4asz91 i 5170 i f
S0 S00321 0 £210 o It
51 SU2359 0 S0 0 0
52 S 049 06 0 £290 i | @
s2 S08451 a E230 i 10
54 Sa2524 a | i {
a5 510598 0 £412 0 0
56 S1Z6T7E 0 E453 i n
57 514765 0 485 i ]
S8 S15262 0 ESEY [ 0
5% 518958 a ESTS i X
=31 Se1inge 0 el 1250000 SETIRE
&1 535154 i 5254 0 0
&2 540345 0 s298 I o
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FIGURE B13
SAMPLE OUTPUT, TYPE 7
guUTPRUT 77
---------- PREAMETRIC STUDY ————————=-

EXAMPLE IHIF
DATA FILE: ZAMPLE
FILE ZAVED RT 10.414 ON 090530

EXPENSEZ FOR YERRS 1§ THRU 20 AFTER DELIVERY UZED IN THIZ AMALYEIZ

HNAME OF PRRERMETER TLEADWEIGHT

FANGE - LOWs HIGH: ZTEF TZ20000.27 000020000
NMUMEER DOF ACCOUNTE ARFFECTED 71

ACCOUNT s LINE 7149

FFR=  E7.32062 $.-TON WHEN PRARAMETER= 220000
RFR=  25.06971 $-TON WHEN FRRAMETER= 2S0000
RER=  22.15853 $-TOM WHEN PARAMETER= 270000

OuUTRUT T2

FILE SAVED RT 10.414 O 0S-05-.20
MEW DRTH 2,955 020930
TDall 25

ThsOs
guTPUT °7%

e PARAMETRIC STUDY —————m———-
EWAMPLE SHIF
DATA FIIE: SAMPLE
FILE SAYED AT 10.414 ON 09-05-80
FILE MODIFIED AT S.355 OM 09-03-80

EXPENSES FOR YEARS 1 THRU 20 AFTEF DELIYERY USED IN THIZ AMALYZIZ

MAME OF PARAMETER TDEADMEIGHT

RAMSE — LOMs HIGH: STEF T220000,270000.20000
MUMBER DOF RCCOUNTS AFFECTED 71

ACCOUNT » L INE 71 %

HFy==2, 04 055E OF ¥ WHEM PRRAMETER= 220000
MPV= —5&5170 § WHEN FARREAMETER= 250000 ,
MPY= 1 .30732E 07 ¥ WHEM FARAMETER= 70000




aguTruT

e

DOCRES B0 S I S TS I 1) ISP
(A (I B T | O | I | I

STOP

o

FIGURE Bl4
SAMPLE OUTPUT, TYPE 8

-

DUTFUT OFTIONS >>3>:
CENTEFR NEM DRTR FILEX
CMODIFY CURRENT DARTH FILE:
VOvARGE DATH

FEEZENT YALUE DRTH

EFE OF HNPY

COETE BY MONTHE

FPRRHMETRIC ZTUDRY

LIZT OF DUTPUT DPTIONE

TERPMINARTE PROGEAM EXECUTION
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port where cargo was off-loaded, the present value of income will not
necessarily equal the present value of expenses and the difference is NPV. In
this case, the fourth block gives NPV, and RFR in the third block is set equal to
zero, as shown in Figure B10.

Type 5 output (RFR or NPV Data) is shown in Figure B11. This is a single line
which shows RFR (if that was calculated) or NPV (if all the freight rates were
given).

Type 6 output (Costs by Months) is shown in Figure B12. It contains three
blocks of data. The first block identifies the account numbers and months for
which output is desired. The second block identifies the data file used. The
third block gives the actual cost for each specified account for each specified
month. These costs include escalation but have not been "present valued.” (In
Figure B12 the account labeled "LOADING PORT" refers to fuel purchased at that
port.)

Type 7 output {(Parametric Study) is shown in Figure B13. It contains three
blocks of data. The first block identifies the data file used. The second
block identifies the parameter being varied and its range. The third block
shows the RFR (if that was calculated) or NPV (if all the freight rates were
given) for each value of the parameter.

Type 8 output (List of Output Options) is shown in Figure B14. It gives a list
of the titles of all output options for ready reference.

There also are a number of program-generated messages which may appear with any
of this output. These messages are described in Section 6.3,

6. OPERATION

6.1 Input Selection and Modification

Figure B11 illustrates the operation of this program. When the command "RUN" is
given, the computer will print "OUTPUT OPTION 8 WILL LIST ALL OUTPUT OPTIONE" as
a reminder of how to obtain a list of these options. It will then ask “DATA
FILE?". The response is the name of a previously saved data file. The computer
then prints the file identification (input sheet Account 1)}, and a time-of-run
identification: "NEW DATA (time) (date).” Next it asks for input by printing
"?", The response is three numbers (X, Y, Z) separated by commas. The first of
these numbers tells the computer what to do. It has the following meanings:

X = 0: Execute program with current data

X > 0: Substitute Z for the number currently given
in Account X, Line Y.




When X refers to Account 1 and Y refers to Line & or 8, the change may involve
Table A of Figure B1. If this happens, the computer will print "INPUT OPERATING
DAYS/YEAR FOR (N) YEARS", where (N) is the number of years of ship life (Line 6).
It will then ask for input N times. Each response is the number of operating
days in the corresponding year (arranged sequentially from 1 to N).

When X refers to a "cost"™ account and Y refers to Line 9 of that account and 2
is "e", the change will involve Table B (Figure B4). In this case, the computer
will ask "HOW MANY CHANGES?". The response is (N), the number of changes to
Table B. The computer will then ask for input (N) times. Each time the {
response is three numbers (A, B, C) separated by commas. These numbers have the
following meanings: ‘

& = Line number of Table B
B = '"Month" for Line (A)
C = T"Percentage" for Line (A)

6.2 Output Selection

The computer will continue to ask for data changes until it is directed to
execute the program as described above (this command is usually given as
"0,0,0"). It will then ask "OUTPUT?". The response is a number from 1 to 8
with the following meanings:

1 = ©No output. The computer will print "DATA FILE?" \
and will accept the name of a new data file as
shown in Figure Bi1.

2 = No output. The computer will print “NEW DATA
(time) (date)”™ and will accept new data as shown
in Figures B11 and B13.

3 = Print "Voyage Data"™ as shown in Figure BS8. )

4 = Print "Present Value Data”" as shown in
Figures B9 and B10.

5 = Print RFR or NPV as shown in Figure Bi1.
6 = Print "Costs by Months" as shown in Figure B12.
7 = Execute a parametric study and priht results as

shown in Figure B13.

8 = Print a list of the output options as shown in
Figure B14.
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If output option "6" is selected (Figure B12), the computer will ask "WHAT
ACCOUNTS?". The response is five numbers separated by commas. These are the
numbers of the cost accounts to be printed. If this number refers to a "port"
account, the values printed will be the cost of fuel at that port. (There is no
cost account #1.) The computer will then ask "WHAT MONTHS?". The response is
two numbers separated by a comma. ‘These are the earliest and latest of the
series of months (after contract) to be printed.

If output option "7" is selected (Figure B13), the computer will print a block
of identification data and then will. ask "NAME OF PARAMETER?" The response is
an alphanumeric description of the parameter. The computer will then ask "RANGE
- LOW, HIGH, STEP?" The response is three numbers separated by commas. It will
then ask "NUMBER OF ACCOUNTS AFFECTED?" The response is the number of places
(P) where the parametric variable occurs. Most variables occur only once, but
some (escalation, for example) may occur in several places. Currently,the
dimension statements of the program limit the number of occurrences to 10, but
this can easily be changed. The computer will then ask "ACCOUNT, LINE?" and
wait for input P times. Each time the response is two numbers separated by a
comma .

After the desired output has been printed, the computer will again ask "OUTPUT?"
so that program execution can continue with as many data files, data changes and
sets of output as needed. Any data changes which are input in response to the
question "NEW DATA?" remain in the program for the duration of that run.
Subsequent responses to this question may modify that data again, or may modify
other data, but the original numbers are not restored unless the entire file is
reloaded in response to the question "DATA FILE?". This is illustrated in
Figure B11.

When no further runs are desired, the response "STOP" will terminate the
program.

6.3 Computer Generated Messages

There are several computer—generated information messages, not described above,
which may appear during program execution. These are:

6.3.1 “FILE MODIFIED AT (time) ON (date)"

This message appears as a fourth line in the block of output which identifies
the data file used (output options "2", "3", "4", "6", and "7"). It appears when
changes have been made to that data file during program execution.

6.3.2 "“SHIP CAN ONLY LOAD (xxx) TONS OF FUEL AT (port)"

This message appears when the amount of fuel specified by the input data file to
be loaded at this port, plus the fuel already on board, is greater than the
capacity of the F.O0. tanks. The program continues with the reduced amount of
fuel on board.
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6.3.3 "SHIP MUST LOAD (xxx) TONS OF FUEL AT (port)"

This message appears when the amount of service fuel on board is less than th%
amount needed to reach the next port and the input data file does not call for
fuel to be loaded. The program continues with the increased amount of fuel ow
board.

6.3.4 "OUT OF FUEL AFTER (port)"

This message appears when the amount of service fuel on board (with all F.O.
tanks full) is not sufficient to reach the next port. It terminates execution
of the run; the computer will ask "OUTPUT (MUST BE 1, 2 OR 8)?" and will proceed
accordingly.

6.3.5 "NO COST DATA FOR FUEL AT (port)"

This message appears when fuel is loaded at a port but the input data file doe's
not include cost data for that fuel. It terminates execution of the run; the
computer will ask "OUTPUT (MUST BE 1, 2 OR 8)?" and will proceed accordingly.

6.3.6 "“SHIP CAN ONLY OFFLOAD (xxx) TONS OF CARGO AT (port)"

This message appears when the input data file specifies an amount of cargo to be
off-loaded which is greater than the amount of cargo on board. The program
continues with the reduced amount of cargo off-loaded.

|
6.3.7 "SHIP CAN ONLY LOAD (xxx) TONS OF CARGO AT (port)" ?

This message appears when the input data file specifies an amount of cargo to be
loaded which would make the total deadweight on board (crew and stores, fresh
water, service fuel, reserve fuel and cargo) greater than the maximum allowable
deadweight. The program continues with the reduced amount of cargo loaded.

|

6.3.8 “TOO MANY IRREGULAR PAYMENT SCHEDULES"

This message appears when the input data file has more than five cost accounts
with irregqular payment schedules (input data sheet Line 9 = 6). It terminates
execution of the run; the computer will ask "DATA FILE?" and will accept the
name of a new data file as described above.

6.3.9 "ACCT. (number) CAPITAL COSTS CANNOT DEPEND ON OPER. DAYS"

This message appears when a capitalized cost account uses operating days
(Account 1 Line 8) as a multiplier, or when it distributes the cost on a "per
voyage" basis (Line 9 = 2 or 3). It terminates execution of the run; the v
computer will ask "OUTPUT (MUST BE 1, 2 OR 8)?" and will proceed accordingly.

B-36
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6.3.10 "+++++ FIRST MONTH OF OPERATING EXPENSES INCLUDED IN ANALYSIS"
"i++++ LAST MONTH OF OPERATING EXPENSES INCLUDED IN ANALYSIS"

These messages may appear as part of output 6, Costs by Months. They indicate
the beginning and end of the period being analyzed. One of them is shown in
Figure B12.
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1. EXAMPLE COST CALCULATIONS USING CORROSION DATA SHEET

Tank Description - Product carrier inerted center tanks used for cargo only, ‘
full scantlings, fully coated with two coats epoxy.

Assumptions: Coating lasts 9 years (30% failure) and suffers a 2% failure
after 2 years in service.

New construction costs for coating = $3.00/ft? i
Repair costs for recoating = $3.55/ft2
Total surface area of cargo L
only center tanks (from data [
sheets) = 95,900 ft?
Initial costs of coating = $3.00/ft2 x 95,900 f£t2 = $287,700
Using Data Sheet attached (Figure C-1) and assuming 2% coating failures after 2

years, no steel reaches local wastage limits within life of coating.

Assuming coating lasts 9 years, the overall wastage limit is reached in 18 to 19
years on the transverse web plating in space "U", and the girder plates in the
upper and lower tank sections, Hq and Hy. However, tanks have to be recoated
after 10 or 12 years to prevent contamination of cargo.

Recoat tanks in 12th year:

Cost - $3.55/ft2 x 95,900 = $340,445




CORROSION DATA SHEET |

Sheet 1
Area | Surt. | Upper Allow. Wastage 1
of Steel Thickness (in.) | Weaght (1b) Area surf. {In.) ¥
Tank Description Reduced | Full Fel Area {_ Reduced full b
Scant. Scant. | Reduced | Full Fe2 over | Local | Over | Local {
| [ All all /
‘ i
- Deck Plt. 0,025 0.625 257,000 |257,000 | 10,000 I 0.0%1 | 0.08% {0.084 |0.156
=] Deck Long'l. 02.6315 2350 12,%0 74,300 | %.200 | 0.143 0.198 [0.138_ [0.263 |
- [mransv. wen ple T RS TSR LIRS AR is T 39y [avi [oky
& | Transv. Web Stiff. | o0.315 | oaws | w00 | w00 | 200 | __ic.oi3 | 9056 |0.056 | 0.084
< Swash Bhd. Plt. NOT __APRLICABLE . !
G [ Swash Bhd. Stiff. NA. —cy )
:; Long'l. Bhd. Plt. r=——ASSIGNED YO 'WING TANWS 2,400 - ;
2 Long‘l. Bhd. Stiff. N.A. ¢
¥ Transv. Bhd. Plt. | 0500 0.500 | W00 |1,760 | 1,100 0.100 | 0,125 |0.150 [0.7% |
§ Transv. Bhd., Stiff. o215 oS 5,500 5,200 00 ©.075 { ©.094 |0.113 o |
e Side Shell Pit. _ | N.A. i
Side shell Stiff. N.A. 3
Uy Totals 48,700  |HeSueo | 30,390 | N.A. F
Q.H21G 9.500 44,500 50,200 | 4,900 | 0.02% | 0.075 |0.075 | 0.12%
Horiz. Gird. Plt. .00 1.00 13,000 \3,000 600 | 5.050 | 5.1% | 0.1%0 | 0.2
. (foriz. Glra. Seiffl Gy | Gos | o lus 8 | ST [ 3o [ eRE e
Z' |[Transv. Web Plt. | 3P o |owsde [RgR 3R 1By ey SRR [ 3R
| Transv. Web Stiff. | N.A. I 1
oy Swash Bhd. Plt. | N.A. )
< Swash 3hd. Stiff. | N.A. - 1 == B
= Long'l. Bhd. Plt. —— assiGfiED TO wilic TANKS a0 | = ‘
& Long'l. Bhd. Stiff.J N.A.
& Transv. 3hd. Plt. | a.500 0.500 3%,200  |»$,300 | 3.600 0.100 | 0125 |o0.50 | oms
= Transv. 3hd. Stiff. o~s 0.%15 19,100 13,00 | %,100 0.015 | 0.084 {0.W3 | .43
Side sShell Plt. N.A.
Side Shell Stiff. N.A. ]
Hy Totals - 31,200 {138,000 | 25,000 | N.A.
= = i l
Horiz. Gird. Plt. o437 0.500 Coooo 66,000 | 5,000 ©.025 |2.075 [0.075 | 0.120 ]
Horiz. Gird. Stiff. o.500 0.500 5,400 5,400 000 0.025 | ©.07% 0.07% 0.13%
Transv. Web Plt. N.A. o B
o~ Transv. Web Stiff. NLA.
n Swash Bhd. Plt. N.A. i
- Swash Bhd. staff. N.A. i - !
EJ Long'l. Bhd. Plt. r— ASSIGHED TO WING TANKS 4,500 <
= Long'l. 3hd. Stiff [ ~.A. ]
x Transv. Bhd. Plt. 0.500 0.5625% 0,200 47,700 | w000 ! o113 Q.1 Oned | 0.\
g | Transv. Bhd. Stiff. o.21% | om1s5._ 7| 23,300 23,%00 | %,300 0.015 | 0.09y o113 | 0.131
= | side shell Plt. I N \
Side Shell Stiff. N.A. f
Bottom Long'l. | N.A.
Hy Totals i 128,300 fsuoo | 20300 | NLA _ 3 i
Inner | 257,000, 2 ! |o.0e3 | 0-0a4 [0.125 | 0.156
@ Bottom Plt. 0.500 | 0625 205,500 | 00| 20,100 N.A. L O’ -0an . | &
Qi5,000  1005400| 95,400 | ‘ ‘
GRAND TQTALS




CORROSION DATA SHEET

Sheet 2
Area | - No. of | Corr. Wastage Limit Cathodic Protect.(Anodes)
of Steel Sides | Rate Reached (Yrs.) Corr. | Wast. Limit Reachd /Yrs}
| Tank Description Corr. | In/YYq Reduced Full Rate Reduced Pull
Over | Local] Over | Local | In/Yr | Over | Locall Over { Locall
All All All All
| beck »it. v |ooon ™M | 20" e
— Deck Longit. b 2 0004 07 | 20° N A
G Transv. Web Plt. 2~ [o.0o3 ] Sepus Zon N\, .
& Transv. web Stiff. 2 ] 3.3 ‘o | 1
2 Swash Bhd. Plt. N.A. B i
w Swash Bhd. Stiff. N A. NOT | APPLICABLE T
& [Long’L. Bhd. Pit. NA. |
£ [Long'l. Bhd. StiffJ w.a.
& Transv. Bhd. Plt. ] 20* | 20* N
& Transv. Bhd. Stiff. 2 _ \q.0 20" P B
2 Side Shell Pit. NA. i - N
Side Shell Stiff. N. A <
U4 Totals ’I ;
- a.5 158 ]
Horiz. Gird. Plt. 2 ©-00% 8.9 20*
Boriz. Gird. Stiff] 2 0.00% TeEd Zo* ; A
N | Transv. Web Plt. 2 i 250 o -
T Transv. Web Stiff. | N.A. - . { )’
. | Swash Bhd. Plt. N.A. |
= Swash Bhd. Stiff. N. A. N.IA,
! £ {Lomg'l. Bhd. =1t. | wa. 1
) = Long‘l. Bhd. Stiff. wM.A. ~ B
?‘;’ Transv. Bhd. Plt. i 207 20% =
3 Transv. Bhd. Stiff 2 V.0 20* s ~N
Side Shell Plt. N.A. ) N
Side Shell Stiff. N.A.
Hq Totals -
+
! Horiz. Gird. Plt. 2 0-004 e o \ ‘ 7
| Horiz. Gird. Stiff. 2 0.002 3.0 20t P
Transv. Web Plt. WA N
~ Transv. Web Stiff. N.A. |
= | Swash Bhd. Plt. N-A. B
o Swash Bhd. Stiff. N-A
'j Long'l. B8hd. Plt. N-A. NIA. L
= Long'l. Bhd. Stiff. N.A. N
- Transv. Bhd. Plt. 1 20° 20% e N L
B | Transv. Bhd. Stiff. 2 20* 20* N
9 |[side shell Plt. N-A. k. D
Side Shell Stiff. N.A. ] d .
Bottom Long'l. N, A,
B Hy Totals | :
Irner % g
= Bottom Pit. |l ©-003 ! o %0 MA.




2. PROGRAM OUTPUT

QuTPUT 73

235000 DWT CRUDE CRRRIER R
DATH FILE: CRUDER
FILE ZAYED AT 11.045 ON 04-03-31
EXPENSES FOR YEARS 1 THRU 20 RFTER DELIWERY UZED IN THIZ ANALYSIS

££<4< RAT TANURA >3>33

NEXT LES OF wOYRSE=  1116% MILES AT 15.00 KNOTS

TIME IN PORT = 2.00 DAYSs USING 24 TONS OF FUEL
TIME AT ZER = 31.02 DAYS» USING S1e6 TONS OF FUEL
FUEL LOADED = 3763 TONS

CARGO LOATED = 27172% TONS» OFFLOADED= 0 TONS

DEPRRTURE WEIGHTS

CREW % ETORES= S00 TONS

FRESH WRTER = 150 TONE

BALLAS = 0 TONZ

TERVICE FUEL = PE7Y TONE

REZERVE FUEL = 223 TONS

CARGO = 271732 TONS

TOTRL = 222300 TOM:

MAMIMUOM DEADWEIGHT= 282200 TONT
L4004 ROTTERDAM >>3>>
MEXT LE3 OF YOYRAGE= 11163 MILEE AT 17.50 KNOT:
TIME IM FORT = 2.00 DAYS, UZING 24 TOMZ OF FUEL
TIME RT ZER = 25.53 DRAYZ» UZING 4423 TOME OF FUEL
FUEL LORDED = o TOME
CARGO LORDED = 0 TONSs OFFLORDED= 271733 TONZ

DEFARTURE MWEIGHTE

CREW % EZTOREE= 500 TONZ
FREZH WRTER = 150 TONZ
BRALLAET = 77239 TONE
SERVICE FLEL = 4422 TONZ
REZERYE FUEL = 233 TOM:
CARRE0 = 0 TONE
TOTAL = 22200 TOME

MAXIMUM DEADWEIGHT= 232300 TONE

TOTAL DAYS, ROUND TRIP=  A1.61738
AYERAST purEiw E TRIRC EER VEAR:

FIGURE C-2 CRUDE CARRIER, SYSTEM A, RESALE 117




QUTPUT 74

S25000 DWT CRUDE CRRRIER H
DATA FILE: CRUDER
FILE =AYED RT 11.043 OM 04-03-321 |

EXPEMISES FOR YERRT 1 THRU 20 AFTER DELIVERY WZED IN THIS RHALYSIS

o4 IMCOME 5335 TOME DELIW. B-TOM __LHL. T PREZ.VAL.
FER YERFR " CRLOG

FAS TRAMURA a 00 L i
ROTTERDAM 1522012 23.55 4 .00 430331 .
15232013 430272 |

TOTAL

faa8d EXPENZES 33k RYG.AMNM. ESCHL. wOOF FRES VAL . FFF
CRLOOO PR TOTHL cELODL) .

coooolPWELccooc o

FRZ TANURA

ROTTERDAM

..... CAPITALIZED.....

. 0l 33,33 1v1343 =)
. L0 i

o —

=

—
yu]
[x]
[y
o N

ACOUISITION 21293 00 44,04 129500 10,57
FEZALE YALIE —15E7 = .00 -3.358 —14433 -.T3
..... OPERRTING..... |
H 2 M INSURRARNCE 2244 .0 3.54 13985 1.09
F & I IMSURAMCE aTe gy N 231E 18
MANMI NG 3141 2,514 S LSS 52943 2.02
PROMISIONS & STORES SE3 7?.50 1.18 S0ns 27
FORT ICHRRGES 1251 & .00 2.53 11134 LBl
REFARIR= 2E0 T.30 .t 3203 1=
CORROSIONM COMTROL 345 T.50 .32 2FE2 B2
TOTAL EE=jel =] 430321 23.55

CRLZULATED RFE= 22.5453% ¥-TOM AT DRTE OF CONTRACT

ST T VT T

—

FIGURE C2 (Continued)




JQuTEgT Tn

225000 DWT CRUDE CHRREIER P

DATR FILE: CREUDEER

FILE ZAVED AT 11.3

o0 oM 04-03-21

EXPENSES FOR YEARS 1 THRU 20 AFTER DELIVERT UZED IN THIZ ANRLYSIZ
L40<d RAT TANLIRAR H2>53>
HEXT LES OF “OYRGRE= 11169 MILEZ AT 15.00 KNOTS
TIME IN PORT = 2.00 DAYEs UZING 24 TONE OF FUEL
TIME AT ZER = 21.02 DAYSs UEIMG S1ee TONE OF FUEL
FUEL LOARDED = Ires TOME
CARGO LOARDED = 2732524 TONZ, OFFLOARDED= 0 TOHZ
LEFARTURE WEIGHTZ

CREW % ETORES= S00 TONE

FRESH WATER = 190 TONS

BRLLASY = 0 TONE

ZERMICE FUEL = IETI TONE

RESERYE FLEL = 223 TONE

CRRE0 = 272524 TONE

TOTAHL = 284535 TONE

MA:IMUM DERDWEIGHT= 234036 TONE
{0444 ROTTERDAM Hx>:>
NEXT LEG OF “OYHRGE= 11163 MILES AT 17.50 KNOTSE
TIME IN PORT = 2.00 DAYE. UZING 24 TONS OF FUEL
TIME AT =ER = 26.9% DAYIZ . UZING 4422 TOME OF FUEL
FUEL LORDED = T TOME
CARE0O LOARDED = i TONZ s DOFFLOARDED= 273324 TONE
DEPARTURE WEIGHTE

CREW % ETORES= S00 TONZ:

FRESH WATER = 1530 TONE

ERLLAZT = Treas TONE

ZERVICE FLEL = 4422 TONE

REZERYE FUEL = 2323 TONE

CARBO = 0 TONZ

TOTAL = 22200 TONS

MAZIMUM DEADWEIGHT= 224585 TONZ
TOTAL DAY= ROUND TRIF= £1.51786
AYTEETT MimED R 5 GRTE D pRER YTENS 5.ETzz4,

FIGURE C-3 CRUDE

CARRIER, SYSTEM B, RESALE 8%




ZR5000 YT CRUDE CHRKIER B

DATR FILE: CRUDEB
FILE ZAVED AT 11.200 ON
1 THRU 20 AFTER DELIYERY

EXPENSES FOR YERKS
444 INCOME H2530
RAE TRMURER

ROTTERDHAM
TOTHL

L4 d EXPEMSES 23305

FER: TARMURERA
FOTTERTAM

sena s CAPITALIZED ... ..

ARCAUIZITION

RESALE WVALUE

cee. OFERATING.....
H & M INZURRNCE

F & I INSURANCE
MARNHHNING

FROVISIONS & STORES

FORT CHRARBES

REPRIRS

CORRDSION CONTROL
TOTHL

CALCULATED EFR=

— e T
AToDIT T g

W

[2 4]
o

5

U
)

TONE DELIV.
FPER ‘YERK

0
1524145
1524145

AYE CANN.
CEIO0D0D

cOy9s
-1152

FIGURE C-3 (Continued)
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DUTFUT 73

Zaso0n DIWT CRUDE CRRRIER C
DATA FILE: CRUDEC
FILE ZAVED AT 11.440 ON 04-03-81
EXFENSES FOR YEARS 1 THRU 20 RFTER DELIVERY USED IN THIS AMALYEIZ

£4<8< RRT TRAMURA »5x35

MEXT LEG OF “OYRGE= 11169 MILES RT 15.00 EMOTS
TIME IM FORT = Z.00 DAYSs LUIZING S4 TONE OF FUEL
TIME AT ZEH = %1 .02 DAYSs UZING S166 TOMS OF FUEL
FUEL LORIDED = QTEI TOHE
CARRE50 LOADED = 273524 TOMSs OFFLOADED= 0 TOME
DEFARTUURE WEIGHTS

CREW % =TORES= Son TONE

FRESH WHTER = 150 TONE

EALLRSET = 0 TOHE

TERVICE FLUEL = 57 TOHE

FEZERVYE FUEL = 223 TOHE

CHEZ0 = 273524 TONE

TOTAL = 2o46e86e TOME

MAXIMUM DERDWEIGHT= 24686 TOMS

ced4< ROTTERDAM >33
MEXT LEG OF VOYRGE

s

= 11169 MILEZ AT 17.50 EHOTE
TIME IN FORT = Z.00 DARYSs USING o4 TOMz OF FUEL
TIME AT SER = 26.5% DRAYSs UZINGE 4422 TOMS OF FUEL
FUEL LDADED = o TONE
CARGD LORDED = 1 TONS . DOFFLOARDED= 27250e4 TONS

DEFARRTURE WEIGHTS
CREW & STORES

SO0 TONE

FRESH WRTER = 150 TOMS
BRLLAZT = TYZes TONE
TERVICE FUEL = 428 TOHE
FRESERWE FUEL = B25 TOME
CAREE0 = o TOHE

TOTAL = 0 TONE

s2200
MAX IMUM DEARDWEIGHT oaa686 TONT

TOTARL DAYSs ROUND TRIP= Bl1.517E8
AYERAGE NUMEER OF TRIPS PER YERR= 5.orec4as

FIGURE C-4 CRUDE CARRIER, SYSTEM C, RESALE 9%




OuUTPUT 74

Zas000 DWT CRUDE CHRRIER

IRTA FILE: CRUDEC
FILE ZAVED AT 11.440 OM 04-03-81
EXFENZES FOR YERRS 1| THRU 20 AFTER DELIVERY USED IM THIE

L4 INCOME > 2333

RRZ TAMLURA
ROTTERDAM
TOTAL

L4 EMPENZES 220>

..... FUEL.....

FHE TANLRA

ROTTERDAM

«-»« .CAFITALIZED.....

RCOUIZITION

REZALE VALLUE

e« OFERATING.....

H & M INIURANCE

F 2z I INSURANCE

MENNING

PEOVISIONS & STORES

FORT CHARGES

FEPARIEREZ

CORRD=ION COMTROL
TOTHL

CALCULATED RFR= 23.34207 $-TON AT DATE OF COMTRACT

OUTPUT 7STOF

TOHE DELIV.

FER YERF
]
1524145
1584145

HYIZ CAMNN.
CREIGO0)

13204
[

a s
DY I I BN 7S

—

(na]

[l YR SR S A SO Yy |
B0 S D)= N

£
00
$H
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oUIPuT 73

DATA FILE: CRUDED

FILE ZAYED AT
EXFENSES FOR YERREZ

cLedd RARET OTANURR 2
HEXT LEG OF VDYRBGE=
TIME IN FORT =
TIME AT =EA =
FUEL LOARLDED =
CRRE0 LORDED =

DEPARTURE WEIGHTE
CREW % ZTORE:S=
FRESH WRTER =
BARLLRET =
SERWICE FUEL =
FESERNE FUEL =
CARGAE =
TOTAL =
MAXIMIM DERDMEIGHT=

o'

c£4<< ROTTERDAM 33333

MEXT LEG: OF WOYRGE
TIME IN PORT

TIME AT SER

FLEL LOARDED

CARGO LOADED
DEPRRTURE WEIGHTS

K
LR

11.560 OM 04-02-218
{ THRU 20 AFTER DELIYERY UIED IN THIZ ARALYEIS

11169 MILES BT 15.00 KNOTE
2.00 DAYS. UZING &4 TONZ OF FUEL
21,02 DAYS, UZING S166 TOMET OF FUEL
QATED TONE
271732 TONS,. OFFLOALED= 0 TOMS
500 TONS
150 TONE
0 TOME
ST TOMNE
227 TONE
2F1722 TONZ
Zazg TONE
28 TONE

11159 MILE
Z.00 DRYE

S5 .59 DAYE
0 TONE

- TONE

CREW % STORES= S00 TOMR
FRESH WRTER = 150 TONS
BALLAST = 7Feage TONS
SERVICE FUEL = 4428 TOM3
RESERYE FLEL = 3232 TONS
CARGD = 0 TONS
.TOTAL = 23200 TONS
MAXIMIM DERDWEISHT= 222300 TONS
TOTAL Days- POUNT TBYP= A1 A17
SWERAGE NuwIER ¥ TRIFT SEC Wik

S AT 17 .50 KNOTZ
» LEING sS4 TONZ OF FLEL
» UEINB 4422 TONE OF FUEL

» OFFLOADED= &71732 TONS

=

WD

in
)]
’

FIGURE C-5 CRUDE CARRIER, SYSTEM D, RESALE 10%




CeTes = g

S23000 DWT CRUDE CARRIER D
IRTHR FILE: CRUDED
FILE ZAYED AT 11.560 ON N4-03-51
EXFENIES FOR YEARS 1 THRU 20 AFTER DELIVERY UZED IN THIS RAMNALY

LSS INCOME >35> TONZ DELIY. 5-TON EZCAL . FRES VAL

FEFR YERR % CELOODD

FERZ TANURA 0 .00 L0

EOTTERDAM S2e9sz 22.39 4.00
TOTAL 152832

4L EXPENSES 332> AYWE.ANN.  ESCAL. = 0OF FREZ .%AL .
CELIOOON Dy TOTRL CELODON
..... FLEL . eu..

RERZ TANURA 13368 .00 40.20 172301
ROTTERDAM 0 Ty .00 0
..... CAFITALIZED.....

RCEITISITION 20727 L 3. 04 134500
REZRLE WRLUE -1437 .00 -2.33 -127az

..... OFERATING.....

H 2 M INZURANCE c1&5 .00 4.53 134328
F & T INSURRMCE v .00 e Iz1E
MANHINI 4141 .50 S.60 JnE432
PROVIZIONS & STORES 563 Frg=1r 1.17 S005
FORT CHARGES 1235 £ .00 2.el 1113
REPRIRS 30 TL.50 S 220z
CORROSION CONTROL £35S 7L.50 1.32 o651

TOTAL 42177 422835

-
(]
4
-]
n
D
W
-4

CARLCULATED RFR= Z2.39051 E-TON AT DATE OF 0

DUTELT FITDE

0 =

FIGURE C-5 (Continued)
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OUTPUT 73

285000 DWT CRUDE CARRIER E
IARTR FILE: CRUDEE
FILE SAYED AT 2.045 OH 04-03-21
EXPEMSES FOR YEARS ! THRL 20 AFTER DELIVERY LSED IN THIS AMALYZIS

{448 RAS THNURR >5>0>

NEXT LEGS OF “OYRGE= 111862 MILES AT 15.00 ENOTS
TIME IN PORT = 2.00 DRYEZs USIMG 24 TOMS OF FUEL
TIME AT ZER = 21.02 DARYEs UZING S1ef TOME OF FLUEL
FUUEL LOADED = IYRZE TOME
CARGO LORDED = 271722 TOMSs OFFLORDED= 0 TONE
DEPARTURE WEIGHTZ
) CREW % =TOREZ= S00 TONE

FREZH WRTER = 150 TONET

ERLLAZET = 0 TOME

SERVICE FUEL = 673 TONE

REZERVE FUEL = 333 TON:=

CARRGDO = 27V1738 TOMEZ

TOTHL = Zs&o00 TONS

MAXIMUM DEADWEIGHT= 282300 TON:

ROTTERDAM >35>
LEG OF wOVARGE= 11162 MILES AT 17.S50 KNOTE
IN PORT = 2.00 DAYEs UEING 24 TONZ OF FUEL
RT ZEH = 25 .52 DAYEs UZING 4423 TONE OF FUEL
FUEL LORDED = 0 TOME
CAHRS0 LORDED = 3 TOM=s OFFLORDED= 271738 TONE

DEPARTURE WEIGHT:

CREW % EZTORES= S00 TONE
FREZH WATER = 150 TONZ
BRLLAZET = Fr2es TON:
SERVICE FUEL = 44232 TONE
FEZERYE FUEL = 222 TOME
CARGO = 0 TOHE

TOTAL = 23200 TONZS

232
MR IMUM DERDWEIGHT 232900 TONS

TOTRL DARYS, ROUND TRIP= £1.51788
AYERAGE NUMBER OF TRIPS PER YERR= 2.25010

no

FIGURE C-6 CRUDE CARRIER, SYSTEM D Modified, RESALE 10%




OuUTPUT 74

285000 DWT CRULDE CARRIER E
IHTA FILE: CRUIDEE
FILE ZAVED AT S.045 ON 04032721 !
EXFEMIET FOR YERRE 1 THRU 20 AFTER DELIVERY USED IM THIS RANALYZIIZ
1
LAy INCOME 53233 TONE DELIY. ®-TOM EZCHL . FREZ .WAL .
FEF YERR % CEIOO0;

RAZ TANLRA 0 .00 il 0o
FEOTTERDHRM 1426854 27 el 4 .00 473495 !
TOTAL 1426654 472455

{44 FRPENSES 020> AYG.ANN. EZCAL. % OF  PRES.VAL. FFE
CELOO0D 5 TOTAL CELO00D CF

..... FUEL.....

RAZ TANURA 12093 2.00 34,00

FOTTERDAM 1] 00 Lo

ceesCAPITALIZED..... l

—
(043
lI'
=J
o D)

RCRUTZITION S03EE L0 a8 .27 121200 16.57
RESALE WALUE 76 E.00 —L1.33 —6ETT 27
cor s JAFERATING. . ...
H & M INZURANCE 2148 00 4,03 12090 1.11
F & I INSURRNCE 272 0o .ol 231E .19
MAMNMIMNG 4141 2.S0 7T.7E e 2.15
PROVIZINNE & ZTORES ) SE3 v.50 1.08 S005 .27
FORT CHRRGES 11732 .00 220 10436 LE1
REFRIRE ZEND T.o0 B 2203 13
CORROSION COMTROL a7 750 12.81 59710 3.48
TOTAL 53219 473495 27 .1

CRLCULATED RFR= 27.c1223 $TON AT DHRTE OF COMTRACT

OUTPUT =5TOF

FIGURE C-6 (Continued) ‘




DUTPUT 72

2ssuol T CRUDE CRERIER D MOD.
DATH FILE: CRUDEDMO
FILE ZAMED AT 11.560 ON 04-06-81
EXFENZEEZ FORE YERRS 1 THRLU 20 RFTER DELI”EFY UZED IM THIS ANALYSIS

CLasd BRSO TAMURA X553
MEXT LEG OF “OYRGE= 111e% MILES AT Iq.nu KHOTE

TIME 'IN FORT = 2000 DAYES USIMG 24 TOMS OF FUEL
TIME AT SER = 21 .02 DAYSs UTING S16& TOMS OF FUEL
FUEL LORLED = STES TONS '
CARSO LORDED = 271732 TOMN=. OFFLOARDED= o TOHE
DEFRRTURE WEIGSHTS ' ;

CREW % STORES= Son TAONS

FRESH WRTER = 150 TONE

BALLAST = 0 TONS

ZERVICE FUEL = JETS TONE

REZERVYE FUFL = 233 TONS

CiikEGD . = Z2Ti7T32 TONS

TOTAL 2E2o00 TONS

AUl
MA=TMUR DERDWEIGHT ZES300 TONS

L4400 REOTTERDAM 3355
MEXT ILEG OF YOYR5E= 11189 MILEE AT 17V.50 ENOTE
TIME IN FPORT = S.ln IAYZs UEING =4 TOM: OF FUEL
TIME HT ZER = S5 .S DAYEs UZIMG 4428 TOME OF FUEL
FLEL LORDED = 0 TONE
CARGO LORDED = 0 TONSs OFFLORDED= 271728 TOMZ
DEPARTURE WEIGHTE

CREW & ZTORES= S00 TONE

FREZH WRTER = 150 TOME

EARLLAET = Tr2es TONE:

ZERVICE FUEL = 4422 TOME

REZERVE FUEL = 232 TONS

CARRGO = 0 TONE

TOTAL = sz200 TONE

MR TMUM DERDWEIGHT= 282900 TONS

£1.61786

TOTAL DAYSs ROUND TRIP=
PS FPER YEAR=  S.£1525S

RYERAGE NUMEER OF TRI

FIGURE C-7, CRUDE CARRIER, SYSTEM E, RESALE 5%




OuTPUT 74

23000 DWT CRUDE CHERIER D MOD.

DATA FILE:
FILE
EXFENSES

EZAVED RT 1
FOR YERRE

P

Sadad INCOME >>>>3
FRZ TARMHUEA
ROTTEFLAM

TOTHL

LS BEHPENSES i
..... FUEL.....~

FRZ THMURA
ROTTERDAM

CRULEDMD

1.5e0 ON
1 THRU =20

040621

TONE
FER

DELIV.
YERR
||

AYE L RMN .
cEIO0ND

133249
0

..... CRFITRLIZED.....

HCRUIZITION

RESALE YALUE

veee OFERRTING. . ...

H & M INSURARNCE

F & I INZURANCE

MANNING

FEOVMIZIONT &

FORT CHARGES

REFRIRE

CORFO=ION CONTROL
TOTAL

STORES

CARLCULATED RFR=

—
o

FIGURE C-7

. 35045

c0E7

-1438

(3]

) —-
SN0 TG U — G) =

£a

L) L - TO 0D

S IO S I R RN I |

P
ux]
0 b

(Continued)

$.-TON

. oo
2,35

L0
2,00

.00
.00
2.30
T .ol
&.00
T ao

-
C SN

$-TON AT DATE OF

RFTER DELIVERY UZED IN THIZ

EZCHL .
L0
4.00
* aF
TOTAL

40,29
.00

$2.05
=& .35

N
== =) T T =) l.‘_l‘l

T o= OO
. L)

=N = ~J 00 b

—
.
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FRE=.

WAL .

AMALYSIE

i$1000)
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Tel1sl
[

123914
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QoTE1 T E
225000 DWT CRUDE CARRIER A
LATA FILE: CRUDER
FILE SAVED AT 14.045 ON 04-03-81
EXPENSER FOR YEARS 1 THRU 20 AFTER DELIVERY UIED

<4<<{ PAS TRANURH >>>>>

NEXY LEG DF ¥OYAGE= 11162 MILES AT 1S5.00 ENOTS
TIME IN PORT = 2.00 DAYS: USING =4
TIME 8T SEAR = 31.02 DAYS, UTING 5166
FUEL LOARDED = IT62 TOMS
CARSO LDORDED = 271733 TONS .« OFFLOADED=
DEPARTURE WEIGHTS

CREW & STORES= 500 TONS

FRESH WRATER = 150 TONS

BALLAST = 0 TONS

SERYICE FUEL = IEFI TONE

RESERYE FUEL = 223 TONS

CARGDO = 271733 TONS

TOTAL = 282200 TONS

MAXIMUIM DERDWEIGHT= 28290C TONI
£4<4< ROTTERDAM 23322
NEXT LES: OF ¥OYRhE= 11169 MILES AT 17.50 KNOTS
TIME IN PORT = 2.00 DAYS: USING =4
TIME AT SER = 26 .99 DAYS. USING 442=
FUEL LOARDED = 0 TONS
CRrRGO LORDED = 0 TONS . OFFLOARDED= 2717
DEPARTURE WEIGHTS

CREW & STDORES= 500 TONS

FRESH WATER = 150 TONS

BALLAZT = T7Y23% TONS

SERYICE FUEL = 4422 TONE

RESERYE FUEL = 833 TONR

CARG0O = 0 TONS

TOTARL = 23200 TONS

A IMUiM DEADWEIGHT= 282204 TONS
TJTHL DRY: . ROUND TRIP= a1 .51788
HYETATT WUMEER OF TRYST PER MERR= T .67 07

FIGURE C-8 CRUDE CARRIER, SYSTEM A, RESALE 10%

IN THIS ANALYEIZ

TONE
TONE

OF FUEL
OF FUEL

0 TONS

TONS OF
TONE

FUEL
OF FUEL

T35 TON

[xx}
(74




DLTELT T

|

225000 DWT CRUDE CHRRIER. R
DATR FILE: CRUDER a
FILE SAVED AT 14.045 ON 04-03-51 ' l
EXPENSES FOR TYEARRS 1| THRU 20 AFTER DELIVERY USED IN THI= HHHLY;IS
. |
£4{<{< INCOME >>>>> TONS DELIVY.  5-TOM ZCAL. FPRES.YAL.
PER YERR o CRELOOO0>
ERY TRANURR o ' Y a0 0
EOTTERDRAM 1523013 25 .62 4.00 431644‘
TOTAL 1523013 2 431544 |
S BEXPENSES >332 AYG.ANN. ESCAL. % 0OF PREZ WAL . \ FFFR
CF1000> D TOTAL CRIQO0D 1 i ]
..... Filel o.oae™ -
FERZ TRNURG 1233215 SO0 29.31 171349 S.40
®OTTERDRM 0 .00 .00 ] \ .00
..... CARPITALIZED..... !
RCQJISTITION ' . c1299 L0 .90 133500 10.37
REZRILE ¥ALUE ~-147V5 =.00 S.04 -1212% r.?E
ceeOPERRTING..... .
H % M INSURANCE cc44d -0 4.3 1335 A
P & 1 THNSURRNCE 372 .00 aCr 3312 F.IB
MANN ING 4141 3.50 3.54 35543 g.02
FPROVIZIONS & STORES 5532 7v.50 1.18 S00s i
FORT CHARGE= 1251+ &.00 2..53 11134 .01
REFRIRS 360 T a0 - Iz03 .13
CORROSION CONTROL 445 - 7.50 «3E SRR 2
TOTAL 43515 . 431844 s

N
)
a

CRLCULATED RFR= 23.6172 $-TON AT DATE OF CONTRACT

COTEOT =700

FIGURE C-8 (Continued)




DUTEDT 73

2235000 DWT CRUDE CARRRIER B
DRTAR FILE: CRUDER
FILE SAYED AT 14.2300 ON 04-03-31
EXPENSES FOR YEARS 1 THRU 20 AFTER DELIVERY USED IN THIS ANALYEIIS

14444 RAS TRANURR >2>535

NEXT LEE6 OF ¥OYRGE= 11163 MILES AT 1S.00 KNOTS
TIME IN PORT = < .00 DAYS, USING &4 TONE OF FUEL
TIME AT SER = 31.02 DRYSs LUSING S1es TOME OF FUEL
FUUEL LORDED = 2763 TONS
CARS0 LOADED = 273524 TONSs OFFLORDED= 0 TONZ:
LEPARTLURE WEIGHTS

CREW & 3ITDRES= 500 TONS

FRESH WRATER = 150 TONS

BRLLAST = 0 TONS

SERVICE FUEL = SE7Y TONS

REZERYE FUEL = 232 TONS

CARGD = 273524 TONS

TOTAL = 224&68c TONS
MAXIMUM DERDWEIGHT= 284585 TONS
74<< ROYTERDAM >>>3>

NE”T LEs OF YOvYARGE= 11183 MILEE RT 17.50 KMOTE
TIME IN PORT 2.00 DRYSs UZINB 24 TOME OF FUEL
TIME AT SEA 5.59 DAYSs LUZING 4422 TOMS OF FUEL

TONS
TONEs OFFLORDED= 2732524 TONT

FLUEL LORDED
CARO LOADED
LIEPARTURE WEIGHTS

{2 T I
v

oo D o

CREW & STORES= S00 TONS
FRESH WATER = 150 TONS
BALLAST = 77289 TONS
SERYICE FUEL = 4428 TONS
RESERVE FUEL = $32 TONS
CARGD = 0 TONS
~ TOTAL = 33200 TONS
MAXIMUM DEADWEIGHT= 284636 TONS
TOTAL DAYSs ROUND TRIP=  £1.61786
AVERREE NUMBLP 0F TRIPS PER YERR=  $.572242

FIGURE C-9

CRUDE CARRIER, SYSTEM B, RESALE 10%




QUTPLT 72

225000 DWT CRUDE CARRIER B
DRTA FILE: CRUDEB
FILE SAVED AT 14.300 ON 04-02-31

EXPENSES FOR YEARS 1 THRU 20 AFTER DELIVERY USED IN THIS ANALYSIS

L4L<C INCOME >>2>>> TONS DELIV. F-TON ESCAL. FRES .VAL
PER YERR % CEEOOODY
FERS TANURA 0 00 L0 0
FOTTERDAM 13 4145 =3 .43 4,00 423602
TOTAL 524145 J2IE0E
L{{L<{ EXPENISES >»>>>> AWG.ANN. ERCAL. % OF FREZ WAL .
CRELO0D (X0 TOTHL CRELODGD
..... Fuet .....
FAS TANURA 13204 Q.00 1= Wy 170asy
FOTTERDRM 0 .00 ] Xj
ceeoCRAFITALIZED. . ...
RCBUISITION 20793 .00 43 .08 125000
RESALE ¥YRLUE -1441 S.00 -2 .35 ~-12217
..... UHPERRTING.....
H & M INSURABNCE 2191 .00 4.54 13431
F & I INSURRANCE 375 .00 .73 3333
MANNIMG 4141 .50 S .95 25543
FROVISIONS & STORES ’ 532 T .00 1.17 S00s
FORT CHARGES 1244 &S00 Z.55 11071
REPRIRS 2350 7.0 .7 2203
CORROSION TONTROL 255 7.o0 1.77 TEl1T
TOTAL 453285 4B 02

CALCULARTED RFR= £22.42124 $-TON AT PRATE [OF CONTRACT

qQuirpRT ETIF

FIGURE C-9 (Continued)




DUTPUT 73

25000 DWT CRUDE CRARRIER C
DATA FILE: CRUDEC
FILE SAVED AT 14.440 OM 04-032021
EXFENSES FOR YEARS 1 THRU 20 AFTER DELIVERY UZED IN THIS AMALYZIE

(o< RAS TANURER 532>
MExT LEG OF “OYARGE= 11169 MILES AT 15.00 EMOTE

TIME IN FORT = .00 DAYS. UTING 24 TONS OF FLUEL
TIME AT SER =  21.02 DAYS, USING S166 TOMEZ OF FUEL
FUEL LOARTED = STEZ TOMS
CARGO LOARDED = 273524 TONS, OFFLOADELD= 0 TONZ
DEFARTURE WEIGHTS

CREW % ZTORES= S00 TONS

FRESH WATER = 150 TONS

EALLAST = i TOMS

ZERVMICE FUEL = 5759 TONS

RESERVE FUEL = 232 TONS

CARGO = E73524 TONS

TOTAL = 284626 TONS

MAZIMIM DERDWEIGHT= 254686 TOHS
£¢5<< ROTTERDAM 333>
HEXT LEG DF wOYRGE=  1116% MILES AT 17.50 KHOTS
TIME IN FORT = 2.00 DAYS, UZING 4 TOMET OF FLEL
TIME AT ZEA =  2&.59 DAYSs LZING 4422 TOMS OF FUEL
FUEL LOARDED = 0 TONS
CARGL LOADED = 0 TONZ: OFFLORDED= &73S524 TOMS
DEPRRTURE WEIGHTE

CREW & STORES= S00 TONS

FEESH WATER = 150 TONE

BALLAST =  7P72E9 TONS

ZERVICE FUEL = 4428 TOHE

RESERVE FUEL = 822 TONS

CARGO = 0 TONS
_ TATAL = 23200 TONS
MAXIMUM DERDWEIGHT= Z8463¢ TONS

TOTAL DAYSs ROUND TRIP= 51.61726
AYERRGE NUMBER OF TRIPTS PER YERE= 5.572248

FIGURE C-10 CRUDE CARRIER, SYSTEM C, RESALE 107%




ouTPUT 74
SE5000 DWT CRUDE CRRRIER C
IAETA FILE: CRULDEC
FILE =ZRAVED HT 14.440 0OM
EMPENSES FOR YERRS 1| THRU
S INCOME =353 TOMS DELIV.
FER YERR
FERE TAMURRA 0
EODTTERDAM 1524145
TOTRL 1524145

EXPEMEES x5k HYI3 DANN .,

CELOnnd

eeensFUEL. ...

RAZ TANURA

ROTTERDAM

caeed AFPITHLIZED. . ...

ACQUISITION

FESALE “ALUE

..... HFERATING. . ...

H & M INTSURANCE

[

MANMHING

PROVISIUNE 2%

FORT CHRARGES

FEFRIRES

CORROSION COMTROL
TOTHL

S

CALCULATED RFR=

13

I’||

1)
0

oS04
—1441

219z

I IMNEURANCE 275
4141

STORES

FIGURE C-10

(Continued)

04 02-81
20 AFTER DELIYERY USED IN THIZ

ESCAL .
bt CELODD

T-TOM

L0 T [}
23.47 4 .00 429455
429455

FRES .VAL .

ZCRL. . OF

0 TOTHL CELOODD

2, 00 9.7 170259
LU0 <0 {
oo 42.10 185093

= .00 -2 .99 —-1z324

.0 4 .54 1 1
o L0 ] SRz
2.50 2.58° ZRE243
T.50 1.17 SO0s
€00 c .08 11071
=1 T ez
TL.o0 1.7¢ TIT1
429455

22.47198 $-TON AT DARTE OF CONTRACT

FRES.VHL .

(X

L

HNHLYSI?




DUTP»T 73 |

225000 DWT CRUDE CRARRIER D
DATH FILE: CRUDED
FILLE SA%ED AT 14.5350 ON 04-03-31
EXPENSES FOR YEARS 1 THRU 20 AFTER DELIVERY UZED IN THIS ANALYEIE

c44<4 RAS TANURR 32535

MENT LEG OF YDYRGSE= 11169 MILES AT 15.00 KNOTS
TIME IN FPORT = Z.00 DAYSs USING &4 TONS OF FUEL
TIME DT SER = 21.02 DAYS, USING 5166 TOMS OF FUEL
FLUEL LIIRDED = 2753 TONS
CARRG0 LLOADED = 271722 TONS. OFFLORDED= o TONE
DEPARTURE WEIGHTS

CREW % STORES= S00 TONS

FRESH WRTER = 150 TONS

BALLAST = 0 TOMS

SERVICE FUEL = 2579 TONS

RESERYE FUEL = 2323 TOMS

CARGO = 271733 TONS

TOTAL = 222300 TOMS

MANIMUM DERDWEIGHT= 252200 TOMS
££4<< RITTTERDAM >3>>>
NEXT LLE OF wOY{GE= 11169 MILES AT 17.50 KNOTS
TIME IN FPORT = 2.00 DAYSs USING £4 TOMS OF FUEL
TIME AT 3ER =  26.59 DAYSs UIZING 4423 TONS OF FUEL
FUEL LURDED = it TONS
CARSO I_LOARDED = m TOMS» OFFLOADED= 271732 TONS
DEPRRTURE WEIGHTS \

CREW & STORES= S0G TONS ‘

FRESH WATER = 150 TONS

BALLAST = 77289 TONS

SERYICE FUEL = 4428 TONS

RESERVE FUEL = 233 TONS

CREBED = 0 TONS

~FOTAL = a3200 TONS

MAXIMUM DERDWEISHT= 282900 TOMS
TOTAL DRYSs ROUND TRIP=  51.56178%8
RVERAGE MUMEE: DF TRIFL PEP wi&ss S.9163512

FIGURE C-11 CRUDE CARRIER, SYSTEM D, RESALE 10%




ISR

HTR
Cotudb pwi CRUDE LAKKIER D
DATA FILE: CRUDED

FILE SAYED AT 14.550
EXPENSES FOR YEARS 1 THRU

ON 04-.03-21

2444 INCOME 23335 TONT DELIV. 3-TON

FER YERE

EHS TANURA
FOTTERDAM -
TOTAHL

o

Ly}

0 ¢

LY 1 e

o

15
15

oo

N n
(Ll 4]
L
D i

EXPENSES

BR202

AYG . ANN,.  E3CAL.
CE100G00 {Ha

1444

..... FIEL.....

FHZ TANURR 193354 S.00
FROTTERDAM o .00
ceenoARITRLIZED. ... ..
ACRHUISITION 2073V S
FEZALE YALUE —-1437 2.00
..... OFPERATING .. ...
H & M INSURANCE Z125 00
F & I INSURRNCE v L0
MANMNING 4141 2.50
PROVISIOMS & STORES S8= T .ol
FORT CHRRGES 1255 & .00
SEPRIRSE 23I50 V.on
CORROSION CONTROL 5cta) F=1]
TOTAL 43177

cEt Tt ATEDR RER= 2T tenast FoTDM 0T DRTE D
SuT=E0T TRT0F

FIGURE C-11 (Continued)

20 AFTER DELIVERY

LEZED

EZCRL .
“

o 01

4,00

% OF
TOTAL

40,20

Lo
42,04
-2.9%

L

[ b= 00
L] L[]
L = o Je e T = N

L] [ [ ]
(VA By B BN RPN

—

PRES.WHRL .

CRIO0OR

(¥}

154500 10,07
-12733 T 7
193433 1,08
a2l .13
FRE43 .01
S005 27
111553 .51
2203 17
SE51 31
423535 23,39

|
IN THIZ HHHLYSHS



3!)]7_51)*.

225000 DWT CRUDE C
DATA FILE: CR

ARRIER E
UDEE

FILE SAYED AT 14.045 ON 04-03-31

' EXPENSES FOR YERARS

SEELE

MEXT LEG OF
TIME IN PORT
TIME AT ZEA
FIUEL LDRDED
CARE0 LOARDED
IEPRRTIIRE WEIGHTS
CREW & STORES
FRESH WRTER
BRALLAZT
SERVICE FUEL
REIERVE FUEL
CARGO
TOTARL
MAX IMUEM DEADWETEHT

»

RRAS TANURA
YOYRGE

££<<<{ ROTTERDAM

NEXT LES OF VOYAGE

TIME IN PORT

TIME AT 3EA

FUEL LOADED

CARGL LOADED

DEPARTURE WEIGHTS
CREW & STORES
FRESH WATER
BALLAST
SERVICE FUEL
RESERVE FUEL
CAREO

3 TOTAL

MAXIMUM DEADWE IGHT

~
¥

TOTAN TAYS . ROUND
PUERARAE NUMEBER [7

1 THRU 20 AFTER DELIVERY USE

LD

[
—

y Lf

A

Ly U N

=-J =] s @
W) oI

0 r Ty«

ra
=)

= M

(&) B

of

W

o oo 0 L0 D

LY Y N I S 4]
e B B B KN B

o m =

>33

Wonow oWl

» MILEEZ

AT 1S.00 KNDOTS
LZING o4
LEING Slee

MILES
DAYS »
DAYS s
TOHS
TONE »

OF FUEL
OF FUEL

TONE
TONE
OFFLORTED= 0 TONZ
TONS
TOME
TONE
TONS
TONE
TONZ
TONE
TOME

AT 17 .5
LHEZING
LEING

0 KNOTS
=2
4425

DAYS
DARAYS s
TONE
TONE

TONZ DOF FUEL
TONT OF FUEL

+ OFFLOADED= 2717322 TONE

0 TONS
1 TONS

TONS

» TONE
: TONS

TONS

i TOMZ
0 TONE

- 5. 250103

1.

i I
*
[

T

1

)

FIGURE C-12 CRUDE CARRIER, SYSTEM D MODIFIED, RESALE 10%

D IN THIZ ANALYZEIS



qVTey” 24

225000 DWT CRUDE CHRRIER E
DATA FILE: CRLDEE

FILE SAYED AT 14.043

ON 04-03-51

EXPENSES FOR TYEARS 1 THRU 20 AFTER DELIVERY USED IN THIZ ANRLYSIZ

L4444 INCOME >332

FAZ THMURHA
ROTTERDAM
TOTARL

{4447 EXPENSES »x:53

weeasFUEL ...

RAZ THNURA

ROTTERDAM

eeoeCRPITALIZED. . ...

RCQUIZITION

RESALE YHLUE

..... OFERATING. .. ..

H % M INSURANCE

F & I IMSURANCE

MANNING

PROVIZIONS & STORES

FORT CHRRBES

REPRIRS

CORROSION CONTROL
TOTAL

CALCULATED RFR= =7 .

QUTPIT FITEE

TONZ DELIV.
FPER YEHRR

0
=4
54

IJ " IJ "
[N |
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14
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o no
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FIGURE C-12 (Continued)
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QuUTPUT T3

SES000 DWT CRUDE-CRREIER D MOD.
DATH FILE: CRUDEIMO
FILE =ZAYED AT 11.5&0 ON 04-05-81
EXFENSES FOR YERRS 1 THRU 20 AFTER DELIVERY LUSED INM THIS AMALYZIE

Jod RAS TAMURR Shexk

ME=T LEG OF “OYRGE= 11165 MILEZ AT 1S.00 KHOTE

TIME IN FORT = .00 DAYES Y UEING =4 TOHZ OF FUEL

TIME AT ZEA = Z1.02 DAYSs UZING S1ec TONE OF FUEL

FLUEL LORDED = TEZ TOMZE

CHRG0 |.OALED = TaS TONS s OFFLOARLED= 0 TOME

DEFRETIIRE WEIGHTE
CREW % ZTORES
FRESH WARTER
EALLARZT
SERYICE FLEL
FEZERVE FLEL
CARED

TOTHL
MAHIMUM DEADWEIGHT

So0 TONS
150 TOMS
0 TOME
PETI TONS

S TONS
2 TOMS
TONS
1 TONS

(O R ]
(AR |

€44 ROTTERDAM 33333

NEXT LES OF YOYHRRE= 11169 MILES AT 1V.50 KHOTZ
TIME IN FORT = Z.00 DRYSEs LEING =4 TOME OF FLUEL
TIME RT =ER = ZE .59 DAYE. UZING 4422 TOMZ OF FUEL
FLUEL LOADED = 0 TOHE: -
CARGO LORDED = 2 TOMZs DFFLORIED= E71728 TONZ
TEFARTURE WEIGHTZ

CREW % ZTORES= SO0 TOME

FRESZH WARTER = 150 TONE

ERLLAET = TY2E% TONE

ZERVICE FUEL = 44258 TONE

FEZERYE FUEL = 233 TOME

CARE0 = 0 TOME

TOTHL = Sa200 TONE

MAAIMUIM DEATWEIGHT= ESé?Uﬂ TONE

TOTAL DAYE s ROUND TRIP= &61.51726
RYERAGE NUMBER OF TRIPT PEFR YERE=

-
1
J

= g
SL.E15255

FIGUREC-12 PRODUCT CARRIER, SYSTEM E, RESALE 10%




DUTPUT 74

SS5000 DWT CRUDE CRRRIER D MOD.
IATAR FILE: CRUDEDMO
FILE ZAYED AT 11.560 ON 04-058-21
EXFENZES FOR YEARS 1 THRU 20 AFTER DELIYERY LSED IN THIZ
FREZ
CELODQ

L

IMCOME >5>5> TONE

FEF

DELIV. +--TON EZCAL
TEHF *

ERE THAMURA I .00 00 0
FOTTERDAM 1325280 2235 4 .00 42rees
TOTAL 1525220 4cvces

Ry EMPENSES »:xid AYMS.ANN.  EZCAL .
CELOOO X

= OF
TOTAL

FEEZ WAL .
cE1000
.o FUEL. ...,

FRZ TRANLRERA 13349 D00 40,29 172151
EDTTEPDHH 0 L0 L0 1

HLuUI ITIDON chevl .00 43,05 122214
FESALE “RLUE -1432 s.0aq -2, 12742

ese JIFERRTIMG, . ...

s Wi

H & M INSURANCE 2172 .00 T 13376
F & I INSURANCE are L0 o 2z1E
MAMM I MG 4141 =.50 S.52 ZER43
PEROVIZSIONE & =TORES SE3 TL.I0 1.17 S00s
PORT CHRRGES 1e52 £, Qi & .61 11143
REFRIRS 350 Y50 e 203
CORRDZION CONTROL 564 T .50 1.17 S017

TOTAL 42019 4avece

CRLCULATED RFR= 2335045 $-TON AT DATE DF COMTRACT

OuUTPUT *5TOP

FIGURE C (Continued)
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DUTPUT 74

29300 DWT FRODUCT CARRRIER A MOD.
IATR FILE: FRODAMOD
FILE =AVED AT 10.470 DN 04-06-21
EXPENSES FOR YERRS 1 THRUL 20 AFTER DELIVERY USED IM THIS ANALYZIE

{4 TNCOME >35> TOME DELIY. F-TON EZCAL . FREZ WAL .
FEF YEHRE b cELO00D

CURRACAO 0 .00 .00 0
NEL YOREK VS04 12.20 4,00 154239
TOTAL STEN49 15423%

{£<<{< EXNPENSEE >3350 AYG.ANN.  EZCHL. = OF PEEZ .%AL . FFF
CELOGOD XD TOTHL CELODOY cED
----- FL"EL asm @

CURRACARDO 2395 S0 =1.00 42002 4,03
NEW YOREK 0 L0 LOn 0 00

vewo AFITALIZED..... |
ACOUIEZITION Ssg SO0 4& .45

Tia2s £.13
REZALE YALUE ~5&0 =00 =-z.22 —4QE2 -.4z
eese O0PERATING.....
H % M INSURANCE 52 .00 4 .83 TETR LED
P 2 I IMSURRANCE e < L2 450 . g
MANNING 2071 .50 11.20 12421 1.5V
FROVISIONS 2 STORES za1 T.S0 1.82 o0z el
PORT CHARGES Fa0 & .00 4.54 T B
FEPRIRE 120 7.50 1.03 102 .14
CORROZION CONMTROL =299 ¥.o0 1.49 2200 =i
TOTAL 174032 154829 1Z2.20

QﬁLCULHfEh RFR= 13.20422 $-TON AT DATE OF COMTEACT

DUTPUT +=ZTOF

FIGURE C-14 PRODUCT CARRIER, SYSTEM A, RESALE 227 m
|




OUTRUT 72

ZP200 DWT FRODUCT CHERIER R MOD.

I'ATAR FILE: FRODAMOD

FILE ZAVED RT 10.470 ON 04-05-21
EXFEMSES FOR YERRE 1 THRU 20 AFTER DELIVERY USED IN THIS AMNALYZIS

L4 CURACRO 50>
NEXT LEG OF YOYHRGE= 1775 MILES AT 15.00 KHOTS !
TIME IN PORT = 200 DRYE. USING oS TOM= OF FLUEL
TIME RT ZEAH = 4.23 DAYEs UZING o=l TOME OF FUEL
FUEL LORDED = 235 TOME
CRR:0 LORDED = 2022 TOMS s OFFLORDED= 0 TOHE
DEFARTURE WEIGHTE

CREW & EZTOREZE= cal TOME

FREESH WRTER = 100 TOME

EALLAST = 0 TOME

ZERVICE FUEL = o&Y TOME

FEZERYE FLUEL = 00 TONE

CrRG0 = = P TOME

TOTAHL = SFI00TOMS

MR=IMUM DEADWEIGHT= 9200 TOME

<A HEW WORK FRERE l

-,

FUEL LOARDED

CHRGD LORDED

DEFARTLURE WEIGHTS
CREW & EZTOREE=
FREEEH WRTER

o TOMNS
O TOMS. OFFLORDED= 28022 TONS l

MEXT LEG OF YOYARGE= YVS MILES AT 16.20 EHOTE
TIME IM FORT = SL00 DAYS s UEING cE TOME OF FUEL
TIME AT Z=ERA = LSV DAYES UEING £5% TOHE OF FUEL

TOME
TOME

ERLLAST 21 TONS
SERVICE FUEL S TONS

—
I
(O = Y]

TONS
0 TOMS

15000 TOMS

F9300 TOMS

FEZERYE FUEL
CARGDO
TOTAL
MAXIMUM DERIMEIGHT

TOTHL DAYS. ROUMD TRIP= 12,4952
AVERAGE HNUMEER OF TRIPE PER YERE= Z5.8219

FIGURE C-14 (Continued)




ST PRT Y4

2300 DWT FPRODUCT CRRRIER D

IRATR FILE: FRODD
FILE ZAYED AT 15.470
EXPENSES FOR YERRE

R A

TONZE
FER

THCOME 55x35%>

CLRACAD
NEW  vORK

D
I_L’

TOTAL

L4 ENPENSEE FH23>

‘

CURFRCAD

MHEWKW “ORK

seavCAFITALIZER.....

RCRUISITION

REZALE “HLUE

..... OFPERATING.....

& M INSURANCE

F i T INSURARNCE

MANMI NG

PROVIZION: %

PORT CHARRGES

FEFRIRE

COREOSION CONTROL
TOTAHL

STORES

RFR=  15.37592

CRLCULATED

JUTTYT TETOF

oM n4-3751
1 THRU 20 AFTER DELIVERY LEZED IN THIXZ

DELIYV. T-TON
YEHR
0 L0

1
1

Rv] 'L'
=l ‘\l

AWG.OANN.  EZCAL .

Frooo L

in

5242

= 11
o

L] .

P B )

v343 -0
=344 2.00

0

03 =) N M

LBV B e LS N S SN |
[aen ]
o=t

]

Ll 3
e B B B (W
L% B I 0 8 IS A

o

+-7T0ON AT DRTE OF

EZCHL .

1200
»

L= 0
L]

NN I.:l:l :‘_T'- DR A (S v}
DO S S - N | Y]

oy
P’

CONTRRCT

PRES VAL
CELIO00

[T R )

11
1:

I |_| |_|'|

1l
T11E

FRE=Z.¥HAL.
CRIOGO:

123421
Ze03
B340
1502

3321

157118

FIGURE C-15 PRODUCT CARRIER, SYSTEM A MODIFIED, RESALE 22%
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puTrPUT T3

29200 DWT FRODUCT CREREIER D
DRTA FILE: FRODD
FILE ZAYED AT 15.470 ON O04-35-51

EXPENSES FOR YEARRS 1 THRLU 20 AFTER DELIVERY UZED IN THIZ ANALYEIE

4444 CURACRO >>3 5%

MEXT LES OF YOYRRE= 1775 MILE= AT 15.00 ENOTS
TIME IN PORT = .00 DAYS s UZING 22 TONE OF FUEL
TIME AT ZEAR = 4.32 TRAYZ s LIZING 20 TON: OF FUEL
FUEL LORDED = [3% TONE
CHRED LORDED } = 250282 TONT . OFFLOADEDL= 0 TON=
DEPRRTLURE WEIGHTS

CREW % ITORES= 250 TONE

FEREZH WRTER = 100 TOME

BRALLAST = o TOM=

ZERVICE FUEL = SET TONE

FRESERVYE FUEL = 200 TONS

CRREGR0 = IZ033 TOM=E

TOTHL = 39300 TONE

MA¥IMIM DERDWEIGHT= 93200 TONE
{4444 NEW YDORE 2xx>>
NEXT LES OF YOYrRiE TS MILES RT 1&.20 KNOTE
TIME IN FORT .00 DAYSs USING =& TON= 0OF FUEL
TIME AT =ER 4.57 DRAYS s UZING 5% TONS OF FUEL

1 TONS
0 TONZ

FUEL LORDED

CARRGO LORDED

DEFARTURE WEIGHTE
CREW 2 ZTORES=
FRESH WRTER
EALLAST
SERVICE FUEL

OFFLORDED= 28022 TONE

TONZ
TONZ
TONS
TONE

=)

[
$a
DA M0 = =
T

U D = N
0 -

RESERVYE FUEL TONE
CRREO 0 TOMZ=
— TOTHRL 1000 TONE
MAXIMIM DEADWEIGHT= 23200 TONE
TOTEL DaYL . BTl T=T16= 13.4=%%x
AVERAES mbimEsp 7 TETED 258 yohk=s 3 Fddsa

FIGURE C-15 (Continued)
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OuUTRUT 74
ZII00 FRODUCT CRERIER C
FILE: FRODC

ZRYED AT 1S.180
FOR YEARRE

DT
TIIRTH
FILE
EHFENSES

oM 04

TOHE DELIV.
FER YEHE
CURACAHD I

INCOME »3:xx2

o

NEW VORK SES49E
TOTAL ELELEET

EXFENZES kx> AVIZ JANN .

CRI Q00

..... FUEL.....
CURARCARO

n
el
)
in

HEL YORK 0
ee...CARITARLIZELD.

BRCEUIZITION SOET
FREZALE “ALUE -559
ernn AFERATING.....

H & M INIUREANCE =50

F 2 I IMIURANCE
MANMIMG
FROVIZSION: %
FORT CHARGES
FREFRIEZ
CORROZION COMTROL
TOTAHL

e

{0

.[l o= =) o

ZTORES

o . e

- fa Q0 e 02 ) NN

[y
=]
LS RN

CALCULRTED FFRE= 13.1£1¢

oUTPUT TETOF

EFg=3|
1 THEL 20 HFT%R TELIVERY UZED IN THIZ AMALYZIZE

%-TON

EZCAHL .

=) =0 T =) CIII

L0
12.1e

EZCAL.

4.

% 0OF
TOTHL
20.287

¥

L T (N T

v U ::T'. OO OO X

T o= fu s =

$-7OM AT DARTE OF COMTRRCT

FRE= .WAL.

CE10003
o 0
0o 1===GG

FEFF
cE

FREZ ™AL .
CELOG0

42002 4.0
0 L

-
-
-

L
o

|

=

¥y

=} w0

o
|

4a

e

i1

.

[an)
Y 00

TSEZ £
463 .0 l
13421 1.56
2503 .21 |
72 .5
1608 .14
2110 .26
155509 13.16

FIGURE C-16 PRODUCT CARRIER, SYSTEM B, RESALE 187%




guTRUT ~Z

29200 DWT PRODUCT CARRIER C

DATR FILE: FRODC

FILE ZAYED AT 15.1&0 ON 04-03-31
EXFENZES FOR YEARS 1 THRU 20 AFTER DELIVERY USED IN THIS AMALYSIS

w9l CURACADO >xk>>
MEXT LEG OF YOYRGE=

- J
|

MILEZ AT 15,00 ENDTE

N OO )
S Y |

TIME IN FORT = 0 DAYE. USING c& TOMZ OF FLEL
TIME AT ZER = 32 DAYES USING SE0 TOM:E OF FUEL
FUEL LORDED = 295 TDHE

CARRGO LORLED = 38372 TONE. OFFLOADED= 0 TOMZE

DEFARTIMRE WEIGHTSE

PZREW % =ZTORFE= =50 TONE
FRESH WRTER = 100 TONS
EALLRZET = 0 TOME
ZERNVICE FUEL = 567 TONE
FESERYE FUEL = 200 TOME
CREGO = S2ETZ TONE

TOTAL = 32550 TOMS

MAHIMLUM DEADWEIGHT= 29590 TOME |

Tl MEW YORE »rE:

ME=T LEG OF YOYRGE= 1775 MILES AT 1€.20 KHOTS

TIME IM PORT = Z.00 DAYEs UEING oE TOME OF FUEL
TIME RT ZERA = 4.5V DAYIZs LZING o329 TOME OF FUEL
FUEL LORIED = 0 TOHE

CHREGO LORDED = 0 TOMZs OFFLOARDED= IEEITZ TONE

DEPARRTURE WEIGHTE
CREW % ZTORES
FREZH WRTER
EALLAET
TERVICE FUEL
REZEREVE FUEL
CARRE0

TOTAHL

MAXIMUM DERDWEIGHT=

250 TOMS
100 TOMS
131 TOMS
259 TON:S
Z00 TOME
0 TOMS
a0 TONS
a0 TOMS

FOTAL DAYSs ROUND TRIP= 13.49522
HYERHRGE NUMBER OF TRIPS FER YERR=

FIGURE C-16 ({Continued)




QUIRULT T4

29300 DWY PRODUCT CRRRIER B
DRATR FILE: FRODE
FILE SAYED AT 13.530 OM
EXFENSES FOR YERRS 1 THRU

TOME DELIV.
PER YERR
CURARCHDO ]

{444 INCOME >2>233

NEW YORK 230005
TOTAL S2E0RS

AW LANM.
CELOO0D

L4444 EMPENSES »>:>5

o
£
Y

CURACAD
HEW YDORK
veessCAPITARLIZED.....

= QD

ACOUISITION 2063
REZALE “HLUE -559
..... OPERRTING. .. ..
H % M INSURRANCE 2540
F 2 I IMSURANCE a2
MANNING 2071
PROVISIONS & ESTOREZ 281
FORT CHRRGES 71
REFRIRT 120
CORROSION CONTROL 254
TOTAL 17517

CALCULATED RFR= 1

TUTPUT ?3TDF

N4 N3-81
20 AFTER DELIVERY

$.-TON

EXCAL .

[
M

=
. 0

(]

L0

L0
.SD
.30
LU
.20
o]

] =] 1T =] l:l:l

UZED

E=CHL .

IM THIZ

3.

% OF
TOTAL

4

L]
=20 B SR RV RN

Ny = Do =
O o A N e )|

g

3.130285 F-TON AT DATE OF CONTRACT

FIGURE C-17 PRODUCT CARRIER, SYSTEM C, RESALE 20%
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. s s =N D i a— - —_— — S

300 DWT PRODUCT CARRIER E
DARTA FILE: FRODER
FILE ZAYED RT 15.580 DN 04 -03-21
EXPENZES FOR YEARS 1 THRU 20 AFTER DELIVERY USED IN THIZ ANALYSI

&)

£404¢ CURRCAD >332
NEXT LEG OF “OYRGE= 1775 MILES AT 15.00 KNOTS
TIME IN FORT = 2.00 DAYSs USING 22 TOMS OF FUEL
TIME AT ZER = 4.33 DAYS s USING 280 TONS OF FUEL
FLUEL LDADED = 595 TONS
CARGO LOARDED = 383732 TONZ ., OFFLORDED= 0 TOM=S
DEPARTURE WEIGHTS

CREW & STORES= 250 TONS

FRESH WATER = TOMS +

BALLRST = TOME

TERWICE FUEL = TONE

RESERYE FUEL = 300 TOMS

CARISO = 32373 TONS

TOTAL = 29530 TONS

MAXIMUM DERDWEISHT= 39590 TOMS

£444< NEW YORK »333>
MEXT LEG OF VOTRSE= 1775 MILES AT 16.20 KNOTS
TIME IN PORT = 2.00 DAYS, USING 23 TOMNT OF FUEL
TIME AT ZER = 4.57 DRAYS: USING 25% TOMZ OF FUEL
FLEL LORTED = 0 TOMS ,
CARGO LOARDED = 0 TONS»> OFFLOARDED= 33373 TOMNS
DEPARTURE WEIGHTS

CREW & STORES= 250 TONS

FEESH WATER = 100 TONE

EALLAST = 14031 TONS l

SERYICE FUEL = 25% TONS

RESERVE FUEL = 200 TONS

CRRG&O = i TOME

TOTAL = 15000 TOMS

M3AIMUM DEADWEIGHT= 33530 TONS

TOTAL DARYS, ROUND TRIP= 13

PVERSRE NMETR [OF TRIZT FVIVYE

FIGURE C-17 (Continued)

C-3%




QUTFUT 74

3200 DWT FPRODUCT CHERIER M
IATA FILE: PRODA
FILE =RYED AT 15.470 ON

EXFENSEE FOR YEARRE 1 THRU 20

FEFE YEARR

LS INCOME >>>>> TONE
CURRCRO
NElW YORK are
TOTAL STE
CL<4T EXPENZES 32> HY'G DANM .

cE1000

es-asFUEL.....

CURACAD

HEW YOREK

«e»-CAFITALIZED.....

ARCRUTIEITION

REZALE VALLUE

e.-..0OFPERATING.....

H &% M IMZURANCE

P & I IMNZURANCE

MANNING

PROVIZIONS & STORES

FORT CHARRGES

REFARIRE

CORROSION CONTROL
TOTAL

QﬁLCULHfED‘RFR= 12.307235 3-7ON AT DATE OF

guUTPUT TETOP

HFTER DELIVERY

l'l_l l‘l‘l
Dot B e }
e,

—

l'_u_'l

I 0
Qo=
o]

N

L

[Lp <8

o

o

0
£a

L R O O O ]

fory

— e fa b

Mo

So O Q0 030 =) 0N
L e W Tl

D) IO N I N

—-

-]

UZED IN THIS ANALYEIE

EZCAL .
S00
4.00

g
=

I 0
-~

= M

s "J

M 4
Mo

e T Y Y

COMTRACT

FIGURE C-18 PRODUCT CARRIER, SYSTEM D, RESALE 9%

FREZ . VAL .

CE10000

0

155054

156054
PRES .“AL. FFF
CE1O0D (%
42002 4.9
0 L0
Feson .18
-S022 -.43
TE3E LES
350 . 0d
13421 1.57
2503 .21
7029 LED
1502 .14
2az2 .25
156054 12.31




guTPUT T3

2300 DWT FRODUCT CHRREIER R
DRTH FILE: FRODRA
FILE ERVED AT 15.470 OM 04-3-21
EXFEMSEE FOR WERRET 1 THRU 20 ARFTER DELIVERY UZED IM THIZ AMALYSIE

{4444 CURACAD »333>
MEXT LEG OF ¥OYRGE= 1775 MILES AT 1S.00 KHOTS

TIME IN PORT = 2.00 DAYS: USING 22 TOMZ OF FUEL
TIME AT ZEA = 4.3 DAYE, UZING Za0 TOMS OF FUEL
FUEL LOADED = 595 TONS

CARGOD LOADED =  2E02% TOMS. OFFLORDED= 0 TOMZ

DEFRETURE WEIGHTZ

CREM & ZTORES 250 TOME
FFRESH LIRTER 100 TOME
BRLLAST T TOME
TERVICE FUEL F TOME

FEZERVE FLEL
CHEGD
TOTAL
MR IMUM DEARDWEIGHT

TONE
' TOME
TONE
TONZ

oo nn _ll

0 GG

<ol MEW YORE :r:

NHEXT LEG OF YOYAGE

TIME IN PORT

TIME RT ZEA i

FUEL LOARDED 0 TOMES

CRREGO0 LORDED 0 TOMZs OFFLORDED= 22082 TOMS

DEFPRRTURE WEIGHTS |
CREW % ZTORES TONE
FREEH WATEE TOME
BRLLAET TOME
ZERVICE FUEL TOME
REZERVE FUEL TOME
CARED TOM=

TOTAL TOME
MA=IMUM DERDMWEIGHT TOMSE

Ry

o

1775 MILES HT le.20 ENOTE
SL00 DAYE Y USIMG o2 TOMZ OF FUEL
4.37 DAYS. U:IHC 239 TOM= OF FUEL

W nowm

o

L]

+ LI} L
e L =

—
La
G T =

[

o
(O e}
Dot I o B

D} -

v N
DI ]

TOTAL DAY s ROUND TRIF= 13.43588
HYERSGE HUMEBER OF TRIF: FPER YERR= 25.6519

FIGURE C-18 (Continued)




QuUTPUT 74

29300 DWT PRODUCT CARRRIER A MOD.
IATA FILE: FRODAMOD

FILE ZAVED AT
EMFENZES FOR YERRE

eadd INCOME sxkek
CURARCHO
MEW “ORE

TOTAHL

CURACHO
HEW SORKE

..... CAPITHLIZED.. ..

RCGUTZITION

FREZALE “ALUE

..... OFERRTING.....
H & M INSURRAMNCE

F & I IHZURANCE
MAMMING

FROVISIONE & ZTORES

FORT CHARGES

REFPRIRE

CORROZION CONTROL
TOTHL

CRLCULARTED RFRE= 12.69432 §-TOM AT DRTE OF COMTRACT

guUTPUT TETOF

FIGURE C-19 PRODUCT CARRIER, SYSTEM A, RESALE 10%

ng - 0E-21
1 THRU &0 AFTER DELIVERY UZED INM THIS AMARLYZSIE
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OUTPUT 72

29200 IWT FPRODUCT CRRERIER A mMOD.
IRTR FILE: FRODAMOD
FILE ZRVED AT 2.470 OM 04-058-31
EXFENTEE FOR YEARE 1 THRU &0 AFTER DELIVERY USED IN THIS AMNALYSIS

A48 CURACADO >3350
HE\T LEG OF “VDOYRAGE

= 1773 MILES AT 1S5.00 KHOTS

TIME IN PORT = SO0 DAYSs USING ZZ TOMS OF FUEL :
TIME RT ZER = 4.92 DAYS s LUZING czl TOMS OF FUEL l
FUEL LORDED = 295 TOMS
CRR:GO0 LOARDED = 280832 TOME . OFFLOADED= 0 TONE
IEFARRTURE WEIGHTS

CEEW & EZTORES= 250 TOMS

FERE=H WATER = 100 TONE

EHLLRAET = 0 TOMS

ZERVICE FUEL = 267 TONS

FEZERVE FLEL = 200 TONS

CARGDO = 202z TONE

TOTAL = 33200 TONE

MRMIAUM DERDWEIGHT= P00 TONE

{444 MEW YORK F33%>
NEXT LEG OF VOYREE= 17VS MILEE AT 1&6.20 ENOTE
TIME IN FORT = SL00 DAYEs UEING <o TOME OF FUEL
TIME RT ZER = 4.57 DRYZ» LZING 229 TOMZ OF FUEL
FLEI. LOALED = 0 TONE

CHRGO LOARDED = 0 TOHME s OFFLOADED= 22082 TONE

DEFRRTURE WEIGHTS
CREW 3 E=TORES
FRESH WRTER
EARLLAR=T

oS0 TONS
100 TONZ
140391 TOMNE

ZERVICE FUEL o599 TOME

FESERYE FLEL 200 TONE

CARRGO 0 TOME
TOTAL

o wnwn
L
i

15000 TOMS
39

MAMIMUM DEADUWEIGHT S32200 TONE

TOTAL DAYEs FOUND TRIP= 12.49588
ARYERAGE NUMBER DOF TRIPE PER YERK

FIGURE C-19 (Continued) ”
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359200 DWT PRODUCT CARRIER D
IATR FILE: PRODD
FILE SAVED AT <2.470 ON 04-378
EXYPENSES FOR YEARS 1 THRU 20 AFTER DELIVERY UZED IN THIZ AMALYZIS

{4444 CURRCADO >»352

NEXT LEG DF YOYRGE= 1775 MILES AT 15.00 EHMOTE

TIME IN PORT = 2.00 DAYZEs UEING o& TOME OF FUEL
TIME AT ZERA = 4,33 DAYSs USING 2en TONZ= OF FLEL
FUEL LORDED = 35 TONS

CARGO LORDED = 35082 TONSs. OFFLORDED= o TONE

DEFARTURE WEIGHTS

CREW & =TORES 250 TONS

FRESH WHTEK 100 TONE
BALLAST 0 TOME
ZERVICE FUEL a7 TOMS
FEZERVE FUEL 200 TONT

SE082 TOMS

CARRGDO
TOTAL 3300 TOMSE

wonnwonwnnn I|

MEXIMUM DERDWEIGHT 32300 TOMNE

€444 NEW YORK >3
NEXT LEG OF YOYRGE

B

= 1775 MILES AT 16.20 KHOTS
TIME IN PORT = 2.00 DAYS s UTING 2= TONZ OF FUEL
TIME AT SEA = 4.57 DAYS, UZING 259 TOME OF FUEL
FUEL LORDED = 0 TONE

CARGO LOARDED 3 TONZs OFFLOADEDR= 32023 TONS

DEPARTURE WEIGHTE
CREW & ZTOFRES
FRESH WHTER
BALLAZT
ZERVICE FUEL

250 TONS
100 TOHS
14091 TONS
252 TONS

wowownnonn

RESERVE FUEL 00 TON=
CARGD 0 TONE
TOTAL 15000 TONE

MAXIMUM DERDWEIGHT= 39300 TONL

TOTAL DRYS, ROUND TRIF= 12.49588
AVERAGE NUMBER OF TRIPS PER YERR= 24 .%44¢c4

FIGURE C-20 PRODUCT CARRIER, SYSTEM A MODIFIED, RESALE 10%
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33300 DUWT FPRODUCT CRRFIER ©
DARTH FILE: FRODD
FILE ZAYED AT 9.470 ON 0d.-
EXFENSES FOR YERRS t THRU

3-8

A< INCOME >X>>:> TONE DELIV.
FEF YERR
CURRCHO L
MEW YORE

';: -~ TDH

,|_| -,|_|
lrl

971
371

‘L' 'L'

TOTAL

LAl ENPENZES 2>k RY>.ANN. ESCHAL.

i 1000 L35
..... FUEL.....
CURRCAO S24z 2,00
HEL YOREK 0 .00
..... CRFITRLIZED.....
ARCOUIZITION TE45 .00
REZRLE “RLUE —-4os .00

..... OFERATING.....

H & M INZURAMCE 227 00
F & I INSURANCE a2 00
MRHMING c0vl S50
FROVIZIONE & STORES ol v..a0
FORT CHRRGES YRS . 00
REFHRIRS 120 V.50
CORFROZION CONTROL 4308 ¥L.S0
TOTAHL c1026

CALCULATED RFR= 1£.41325 $-TON AT DATE OF

OUTPUT 7Z09TOF

FIGURE C-20 (Continued)
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QuUTPUT T4

300 IWT PRODLCT CARRIER C ¥
DATR FILE: FPRODC
FILE TAVED AT 10.120 ON 04/ 03,21
EXFENSES FOR YEARS 1 THRU 20 AFTER DELIVERY USED IN THIZ ANALYEIS
£<<<< INCOME 33333 TONS DELIV.  %-TON FRES . VAL .

FEFE

CURRCAO
HMEW %ORK
TOTRHL

................

EXPENSES

e
e

..... FUEL.....

CURACHO

HEW %ORK

..... CHFITHLI“EB.....

ACRUISITION

REZARLE “ALUE

OFERARTING.....

% M INZURANCE

£ & I INZURANCE

MAMNHIMG

FROVISIONS &

FORT CHARGEZ

REPRIRE

CORROSION CONTROL
TOTAHL

STORES

CARLCULATED RFR=

OUTPUT *ZTOP

FIGURE C-21
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OUTFUT =2

39200 DWT PRODUCT CHERIER C
DARTH FILE: FRODC
FILE ZAVED AT 10.1320 ON 04-03-21
EXFENZEEZ FOR YERRE 1 THRU 20 RFTER DELIVERY USED IN

L4940 CURACHRO Heoaes
MEXT LEG OF “OYHAGE= 1775 MILEEZ AT 1S.00 ENOTS
TIME IN FORT = 00 TRYSs UZING oo TOM=
TIME AT Z=ER = 4 .33 DAYEZ s UZING 220 TOME
FUEL LORLDED = 535 TONE
CRREGO LOARDED = 28372 TON:Es OFFLOARDED= 0
DEFRETURE WEIGHTE

CREW & =ZTOREE= 50 TONE

FRESH LIRTER = 100 TONS

EALLA=ET = 0 TONS

ZERYICE FUEL = Se7 TOMZ

FEZERVYE FUEL = 200 TONZ

CRRGO = I3V TONS

TOTAL = 23590 TONS

ME=IMUM DERDWEIGHT= 29590 TONS
4404 MEW YOREK 3xx>
NE®T LEG OF VOYRGE= 1775 MILES AT 1&€.20 EMOTSE
TIME IN FORT = 2.00 DAYS UEING &2 TOME
TIME AT ZEH = 4 .57 DAYZ s UZING =33 TOME
FUEL LOARDED = 0 TOME
CARGO LOARDED = 0 TOHZs OFFLORDED= 28373

DEFRARTURE WEIGHTES

CREW % ETORES= 250 TONS
FEEZH WRTER = 100 TONE
BHLLRAET = 140391 TONE
SERVICE FUEL = 259 TOMS
FESERVE FUEL = 300 TOME
CHEG0 = 0 TOME
TOTAL = 15400 TONE

MA=IMUM DEADWEIGHT= SRS90 TONE

TOTAL DAYS . ROUND TRIP= 12.439588
RYERAGE NUMEER OF TRIPE PER YERR= E5.6£81%9

FIGURE C-21 (Continued)
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guTPUT T4

33300 DWT PRODUCT CAHREIER B
IRTRA FILE: FROLDE
FILE ZRAVED RT 2.5280 ON 04-03-21
EXFENSES FDR YERRS 1 THREU 20 AFTER DELIVERY UZED IM THIS ANALYZIS

LoASS INCOME >»x>2> TOMZ DELIV. T-TON EZCZHL . FRES .WHL .
FEFR YERFE = CELOOOY

CURRCHO 0 L ] 1§
HEW YORK S2E0ES 1z .84 4,00 151672
TOTAL QSE0eS 151572

LOUOl ERPENSES SHMER AYG CANM . ZCAL . % OF PREZ VAL . FFFE
CELOOO o TOTAHL cEIO00D U

sse.FLEL.....

CURACRO S39 gy

NEW TﬁPF 0 Iy

i

4203

)
—
L]
T
=
fn.'l
[y
$a
-
=
a

.
=
m
.
Do}
=

REQUI ITION = 0ES L 47 . ET Ti7en 5,07
FEZARLE “YALUE -1 00& .00 -5.2% —2353 -.7E

..... OFERATING.....
H % M INSURANCE =50 L0 4 .38 TOES 64
! F & I INTURANCE S .00 .31 453 )
MANNING 71 2,50 12.12 12421 1.58
PREOYIZIOME 2 ZTOREES £21 F.o0 1.5 4 .21
FORT CHARGES 731 &, 00 4 .53 Th324 59
REFRIRZ 1320 T .o 1.05 1502 .14
CORROSION CONTROL a4 v.50 2.00 3418 .29
TOTAL 17070 191572 1z2.¢&

CALCULRTED RFR= 12.544323 £-TON AT DATE OF CONTRRACT

QUTPUT 2ITOP

FIGURE C-22 PRODUCT CARRIER, SYSTEM C, RESALE 10%




OuTPUT 72

SIZ00 DWT PRODUCT CARRIER E
IRTH FILE: FRODE
FILE ZRAVED AT 2.590 ON
ExXFENZEE FOR YERRS 1 THRU

{44 CURACRO x> >
HEXT LEG DF VOYRGE

= 1775
TIME IN FORT = .00
TIME AT ZER = 4 .35
FUEL LORDED = 595
CAFRGO LORDED = 2EET3
DEPARTURE WEIGHTS
CREW & =ZTORES= 290
FEEZH WRATER = 100
ERLLAZT = 0
ZERVMICE FUEL = SET
FEZERYE FUEL = =00
CARGO = T e
TOTAL = 295940
MH=IMUM DEADWEIGHT= 9590

<4408 NEW YORK ik
NEXT LEG OF YOYHGE= 1775
TIME IN FPORT .00

TIME HRT ZER = 37 DAYS s LUEING
FUEL LORDED = 0 TOHE
CARGO LOARDED = 0 TOME s OFFLORDED=
DEPARTURE WEIGHTS
CREW & STORES= 250 TONE
FRE:ZH WRTER = 100 TONE
BALLRET = 1421 TONE
ZERMICE FUEL = S59 TONE
RESERVE FUEL = 200 TONE
CARRO = 0 TONS
TOTAHL = 15000 TONE
MH=IMUM DEADUEIGHT= I2590 TONS
TOTAL DAYEs ROUND TRIP= 13.49588

AYERRGE NUMEER OF TRIFS PER

FIGURE C-22

n4-03-81

MILES AT 15.00 KHOTS

DRYS . UZING
DRYZ s LIZING
TONS
TONS »

TONS
TONRE
TONE
TONE
TONE
TOHE
TONE
TONS

MILEZ AT 15.20 KHOTS

IAYEs UZING

YERKR= 25 .ES

(Ctoninued)

OFFLOARDED=

2 TOM= OF FUEL
0 TONE OF FUEL

&
g

<

0 TONE

28 TONE OF FUEL
cS% TOME OF FUEL

'£|
o
-]
[

20 RFTER DELIVERY UZED IN THIS AMNALYEIZ




ouTPUT 74

29300 DWT PRODUCT CRARRIER R - 2 -
DRATH FILE: FRODA

FILE ZAYED AT 9.470 OHF 04-2-21 .

EXPENSES FOR YERRS 1 THRUL 20 AFTER DELIVERY UZED IN THIT RANALYZIE

<L<<< INCOME »>>%>> TOME TDELIV. -E-TON EZCHL . FREZ.YAL .

FEFR YEARER . : * CELODOD

=0 - .. nn o

n4s 1 4,00 150

n4s - 1500

CURACHO S .
NEW YORK =N
TOTAL 27

LY (]

-

(]
N

{04 ENFENSES 223 AvG .ANN. EZCAL. 5 0OF FREZ .WAL . FFF
CEIO0Q - XD TOTAHL CEIOOD U

eessoFUJEL..... .

CURACRD 5395 [ F.00 I2.00 4002 4.09

NEW YORE . ) .00 LD : i Lan

ee..CAPITALIZED..... S

ACOUISITION b

REZALE “YALUE -1

..... OFERATING.....

()

oD

Teson L3 |
=00 =

- —11051

b
M

I -

H & M INSURANCE 859 <A 5.0%9 e =5
F & I INSURANCE E 52 .. .00 .31 4 o<
MANNING cn7l 2.50 12.28 12421 T
PREOYIZIONS & ZTOREE 2e1 T .00 1.7 epqiic 21
PORT CHARGES v &.00 4 .67 yoes &0
REFRIRE 120 Rl 1.0V lege .14
CORROSION COMTROL 228, V.50 1.95 oRes .25

TOTAL 1n3es : 15002 12.79

CALCULATED RFR= 12.79283 $~-TON AT, DATE OF CONTRACT
1
FIGURE C-23 PRODUCT CARRIER, SYSTEM D, RESALE 107

1




guTPUT 72

IQIA00 DWT FPRODUCT CHERIER H

I'ATR FILE: FRODA

FILE =ZAVED AT 2.470 ON 04.-3-81
EXPENSEZ FOR YERRE 1 THRU 20 AFTER DELIVERY USED IN THIZ
114 d CURRCARO 5553
NEXT LEG OF VOYRGE= 1775 MILES AT 1S5.00 EMOTS
TIME IN FORT = 2. 00 DAYE. UEING 22 TOME OF FUEL
TIME RT ZER = 4,32 DAVE, UZING 220 TOME OF FUEL
FUEL LORDED = 595 TONE
CHRREGO LOADED = 2083 TOM=. OFFLORLDED= 0 TONE
DEFARRETURE WEIGHTE

CREW & ZTOREZ= oS0 TONS

FEEZH WHTER = 100 TOME

BRALLAET = 0 TOM=

ZERVICE FUEL = - TOME .

REZERVE FLUEL = TOME

CREE0 = 2 TOME

TOTHL = TOM=

MERSIMUM DEADLWEIGHT= TONE
<440 HEW YORKES HEREE
MEXT LEG OF VDOYHRGE= 1775 MILEE AT le.20 ENOTE
TIME IM FORT = 2. 00 DRAYE.s LIZING o8 TUH° OF FUEL
TIME HT =ER = 4 .57 DRAYSs UEING 29 TOME OF FUEL
FUEL LORDED = 0 TONS
CAFRGDO LORDED = 0 TONZ s OFFLOADED= 2082 TONE
DEFRRTURE WEIGHTE

CREW 2 =2TORES= S0 TOM=

FREESH WRTER = 100 TONE

ERLLAET = 14031 TONE

ZERYICE FUEL = 259 TOME

FESERVE FLEL = 00 TONE

CARGO = 0 TONS

TOTAL = 15000 TOME

MAXIMUM DEADWEIGHT= SRZ00 TOME
TOTRL DAYZs ROUND TRIP= 1=2.43588
AVERAGE NIUMEBER OF TRIPE FER YERR= 253.2219

FIGURE C-23

(Continued)
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