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SUMMARY

Engineering may be defined as the application of scientific know-
ledge to the benefit of society. 1In a free economic system, society ex-
presses its desires through its purchases. The dollar, then, is the best
measure of true engineering success.

This paper is concerned with the use of economic studies as tools
in the design of tankers. Methods of choosing optimum characteristics are
discussed and relative merits established. Sufficient factual information
is supplied in the form of curves and formulas to allow cost studies to be
made for the determination of optimum size and speed.

Examples of some of the uses of this material are presented in
connection with the movement of crude oil from the Persian Gulf to the East
Coast. It is shown that tankers too big for the Suez Canal can carry oil
around the Cape of Good Hope more economically than vessels designed for
service through the Canal. The influence of foreign construction and opera-
ting costs is demonstrated and investigations are made into the effect of
fuel oil costs and cargo rates on the optimum speed.

A method is presented for the ready estimation of tanker construc-
tion costs. Displacement and installed horsepower are shown to be the
principal factors in the determination of first cost. A method is given for
the prediction of savings resulting from duplication in‘shipbuilding.

Of particular use to those concerned with preliminary design is
a series of curves which may be used to rough out the principal characteris-
tics of a related group of tankers. These curves provide methods for the
approximation of speed and power, weights of hull and machinery, principal
dimensions and hull form characteristics. The culmination is a family of
curves relating deadweight, horsepower, speed and displacement.

vii



A. TINTRODUCTION

Work on this paper began innocently enough as a class problem in
cost estimating. Tankers were chosen for analysis since such vessels are
fairly uniform in design objectives and have relatively simple conditions
of operation. Tankers also represent a fairly fertile source of accurate
data since so many of them have been built in recent years.

Before turning the problem over to the students, the writer dev-
eloped a pair of estimating systems for the establishment of weights and
costs on a family of tankers with variations in both size and power. These
methods are presented in detail in the following sections (Design Analysis
and Construction Cost Analysis).

Fach student was assigned a different combination of size and power
and was required to work out the weight and cost estimates according to the
above-mentioned systems. This sort of arrangement makes an ideal class
assignment since the students can have the stimulation of working together
without any possibility of copying on another's work. The answers so ob-
tained can be plotted by the instructor and only those points missing the
general curve need be carefully checked for mistakes.

The results of the weight and construction cost studies proved so
worthwhile that the writer essayed to carry the idea one step further. A
third system was developed for the operational analysis of tankers allowing
economic comparison of various proposed designs. The first two systems re-
sulted in rather convenient families of curves of deadweight coefficients,
construction cost per deadweight ton, etc. In the case of operating costs
there are just too many variables involved and it was felt best to simply
present the system in detail with a few typical examples worked out. Let
it be emphasized here that thére is nothing really original in the third
system. The writer has merely compiled cost data from numerous tanker
operators and has attempted to correlate them with deadweight, horsepower
and similar criteria. Let it also be emphasized that the writer does not
pretend to be an authority on the subject of ship operating costs. A
survey of the technical literature clearly shows that those who are authori-
ties do not feel iree to publish what they know. A number of them have
however generously contributed confidential cost figures for this paper
and the figures presented here represent a fair average for the industry
today.



B. SCOPE OF STUDIES

1l. ©Size

The various studies covered single-screw tankers ranging in dis-
placement from 15,000 to 100,000 long tons with a corresponding deadweight
range of from about 10,000 to about 80,000 tons. The upper limit is probably
close to the maximum displacement likely to be found with single-screw pro-
pulsion. Very few tankers have been built with displacements over 50,000.

The "Grand Bassa" class (Ref. 1) with a displacement of nearly 50,000 tons

and the "World Glory" (Ref. 2) with a displacement of 58,000 tons represent
the largest tankers which have so far been publicized in the technical press.
Investigation into the larger displacement tankers was felt to be desirable,
owing to' current interest in this class of vessel. The lack of available
technical data on larger tankers, while’regrettable, was not lethal. A little
experimentation with plotting methods usually resulted in essentially straight
line plots allowing some confidence in extrapolated values.

2. Power

An installed power range of from 3,000 to 30,000 normal SHP was
investigated. The latter figure is considerably in excess of the power in-
stalled in any single-screw merchant vessel to date and practical problems
such as vibration make it seem that 30,000 SHP is safe as an upper limit
for a study of this nature.

The subsequent cost studies have indicated that 30,000 SHP is
well beyond the upper limits of economical operation for even the 80,000
DWT tankers.

5. Design

The vessels under consideration were all assumed to follow the
same pattern of design and to represent good modern tankers suitable pri-
marily for-the crude oil trade. References 1 through 10 may be consulted
for typical examples of the type in mind. Appendix I outlines the assumed
specifications in some detail.

4, Operations

It was intended that the material presented under the section on
operating costs could be used for any combination of factors entering into
the picture. These factors include:

American flag vs. foreign flag operation.
American vs. foreign construction costs.



Various trade routes.
Various cargo rates.
Various fuel oil costs.
Various ship sizes.
Various installed powers.
Bunkering arrangements.

The use of the operating cost analysis is shown in a study confined
to the movement of crude oil from Kuwait in the Persian Gulf to Philadelphia
by various possible routes.



C. DESIGN ANALYSIS

1. Introduction

In order to arrive at a uniformly varying family of tankers, the
method outlinmed in the following pages was developed. This approach differs
from previous solutions (Ref. 10, 11, 12), all of which started with arbi-
trary values of speed and deadweight, and solved for required power and dis-
placement. This seemed to be putting the cart before the horse, so in the
present study the reverse procedure was tried, that is: A large group of
hypothetical tankers was established with arbitrary and varying values of
displacement and power. In each case, solution was made for corresponding
deadweight and speed by the method outlined below. It is felt that the sy~
stem proposed here is an improvement over the older approach since hull and
outfitting weights are more directly a function of displacement than dead-
weight, while machinery weights are tied in quite closely with horsepower
but bear only the remotest relationship to speed.

2. Method

Following is the step-by-step procedure established for the solu-
tion of weights and other design factors. As an aid to the reader, numerical
values are presented for one particular set of design parameters. In order
to eliminate minor discrepancies, cross curves were plotted for numerous steps
and one or two small changes in calculated values were made in the specific
case given here.

1) Displacement = 40,000 long tons, salt water (arbitrary value).
2) Shaft horsepower = 20,000 (arbitrary value).
3) Length = 617 feet. See Figure 1.
~ There is a clear relationship between length and displacement in
modern tankers. All known values plot within 4 percent of the mean line.
There is no assurance that the mean line represents the ideal length and
in an actual design, further analysis would be in order.

Appendix II deals with a cost study including an investigation into
length. This study, while not all-conclusive, tends to confirm the value of
the curve in Figure 1.

L) Nominal sea speed: 18.7 knots. See Figure 2.
This approximate relationship between sea speed, power and dis-

placement is derived, primarily from Minorsky's nomograph (Ref. 13). The
length-displacement relationship shown in Figure 1 1s assumed and Minorsky's
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resulting values are modified to bring the chart more nearly into agreement
with actual known values for existing tankers.

These curves are based on the dssumption that every combination of
size and power has its appropriate hull form and propeller. This figure
should not be used to try to predict the speed-power curve for any particular
vessel.

Such simplified powering estimates, while satisfactory for studies
of this nature are of course no real substitute for careful analysis or tank
investigations in an actual design.

v
5) Speed-length ratio ( JZ ) = 0.7535

I is taken as the length between perpendiculars throughout this
study. Speed is the mean sea speed at normal power.

6) Block coefficient (C,) = 0.7225. See Figure 3.

B)

The mean line relating block coefficient and speed length ratio,
faired ‘through numerous known values, runs somewhat above the line determined
by averaging values recommended by a number of authorities. This tendency,
also noted by Mr. John F. Watson (Ref. 1L4) is explained by the fact that
tankers operate half the time in ballast.

‘ The study shown in Appendix II indicates that considerable variation
in block coefficient may be effected with very little change in operating
economics, if we assume a constant displacement.

7) Depth = LL.9 feet. See Figure k4.

The mean line, drawn through numerous data points approaches a
length-depth ratio of 14 at the greater length. The cross curves of draft
(from an unpublished work by James Krogen and the writer) were used in dev-
eloping Figure 5. These cross curves were derived from the freeboard regu-
lations (Ref. 15).

8) Draft = 34.2 feet. See Figure 5.

Depth-draft curves derived from Figure 4 were modified somewhat
to bring the chart more nearly into agreement with known values.

9) Beam = 91.85 feet.

5 4
CpLd

Beam is equal to

A check on general proportions should be made at this stage.
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LBD

10 ) = 25,740.

10) Cubic number (
This is the traditional parameter for use in quick weight estimates.
While it is blind to many factors it does have the virtue of simplicity and
is quite in order for a study of this nature.

11) Iength depth ratio ( % ) = 13.7k.

Ratio is used in the next step. If Figure 4 (step 7) has been read
correctly, the numerical value will be 14.00 or less.

12) Steel weight coefficient (C;) = 0.268, cross faired to 0.267. See
Figure 6.

The steel weight coefficient will vary with L/D ratio, Cgp and over-
all size. Figure 6 attempts to show the effect of the various factors. These
curves were obtained by first plotting total weight vs. cubic number through
known values with tentative corrections for L/D and Cg. From this, a coeffi-
cient curve for a standard L/D and Cp was derived. Corrections for L/D ratio
were made averaging values obtained from an earlier analysis of Raben's steel
weight coefficients (Ref. 16) and the standard correction factor: ’

L/D (new)

L/D (old)

The Cg correction is based on the premise that a change of ten percentage
points in CB will change the steel weight 4.4 percent. This value was ob-
tained by applying logical corrections to the detailed weights of an actual
tanker. It agrees reasonably well with the standard correction factor:

1+ 1/2 Cy (new)
1+ 1/2 ¢y (old)

13) Steel weight = 6880 long tons.

Product of steel weight coefficient (faired value) times cubic
number .

14) Outfitting weight coefficient (Co) = 0.0509. See Figure 7.

Mean line is based on known data and is of course only approxi-
mate. Hull engineering items are inclu”>d here.

15) Outfitting weight = 1310 long tons.

Product of outfitting weight coefficient times cubic number.

11
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16) Machinery weight: pounds per SHP = 118. See Figure 8.
This figure shows an average curve drawn through known data points.

Steam conditions, within the normal range, do not appear to have any appre-
ciable effect on weights. This is explained by the greater care exercised
in the design of the more expensive plants. Values are appropriate for modern
machinery, geared turbines, water tube boilers and may be applied to any sin-
gle screw vessel.

17) Machinery weight = 1054 long tons.

18) ILight ship = 9244 long tons.

Summation of steel, outfitting and machinery weights. No designer's
margin is included in this study.

19) Deadweight = 30,756 long tons.
Displacement minus light ship.

5. Results of Design Analysis

The direct culmination of the effort involved in putting some 32
hypothetical vessels through the above procedure was the series of design
curves presented in Figures 9, 10, 11, and 12. It is hoped these will
prove useful for preliminary design purposes. Figure 9 shows the influence
of horsepower and displacement on the deadweight coefficient. When dis-
placement and power are known, this figure allows quick estimation of the
resulting deadweight. Figure 10 shows the influence of horsepower and dead-
welght on the deadweight coefficient. When deadweight and power are known,
this figure allows quick estimation of the required displacement.

Figure 11 shows the approximate relationship between speed, power
and deadweight. This figure was derived from Figures 2 and 9. While not
intended for great accuracy, it is believed that these curves at least give
good indication as to the general trends.

Figure 12 illustrates the important influence which allowable
draft has on deadweight capacity. Note for example that increasing harbor
depths from 30 feet to 4O feet allows deadweight per ship to be tripled,

Figure 13 was required as part of the operating cost analyses and
is included here along with the other design curves. This is a useful tool
for applications where draft restrictions prevent any given vessel from
operating at her designed draft. It shows the effect of reduced draft on
displacement and speed. The displacement curves were derived from Ref. 17.

Figure ;& illustrates the distribution of weights, as a percentage
of light ship, for various speeds.

1k
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DRAFT RATIO TO DESIGN DRAFT
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Figure 15 illustrates the distribution of weights, as a percentage
of displacement, for various speeds. Values shown here are considerably lower
than those in Figure 1 of Ref. 18, particularly at the higher speeds. This
is primarily an indication of weight reductions accomplished in the past 36

years.

Tables I and IT below show that deadweights and speeds, predicted
by the foregoing analysis, are very close to current design practice.

22
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D. CONSTRUCTION COST ANALYSIS

1. Introduction

The weight analysis developed in the preceding section, while use-
ful for preliminary design work, was primarily intended to furnish a rational
basis for the development of tanker construction costs, which depend in part
on weights.

There are so many variables entering into the cost of ship construc-
tion that there was never any hope of arriving at quantitatively accurate
cost predictions. Costs vary from yard to yard and the writer had access to
only a restricted quantity of recent cost breakdowns. Despite these drawbacks,
the construction cost study was felt to be worthwhile since the results of
such an estimate should at least show relative cost trends. An engineer, in
using cost studies as a basis for choosing optimum design, is interested in
cost differences between various proposals so that qualitative accuracy is all
that is required.

Cost estimates in this section are based on single-ship contracts
and a correction curve for multiple ship contracts was developed.

2. Method

Cost estimates were made for each of the thirty-odd hypothetical
tankers analyzed in the preceding weight study. Following the usual ship-
yard procedure, man-hours of labor and material costs were estimated for
steel hull, outfitting and machinery. Overhead was taken as a fixed percent-
age of labor cost and these figures together with profit, insurance and dry-
dock charges yielded the estimated shipyard bill. Miscellaneous costs to
the owner are specifically excluded in this part of the study.

Following is the step-by-step procedure established for estimating
the shipyard bill. As in the previous study, numerical values are presented
for a tanker of 40,000 tons displacement and 20,000 SHP. Costs are worked
out to the nearest hundred dollars. This is an unwarranted degree of "accu-
racy" but is helpful in detecting minor differences between various hypothe-
tical ships. The final cost results are considerably rounded off.

1) Steel material cost = $1,001,700.
Delivered cost, per net ton steel taken at 6—1/2 cents per pound,

2) Steel man-hours per ton = 58.2. See Figure ;é.

Curve is based on mean line drawn through rather widely scattered
data points with similar curve derived from Ref. 19 as a general guide.

26



‘19938 UoJ 99N Iod SINOH-UBK SJIOYUER],

00002  000SI

1331S SNOL 13N

00001 0008 0009

000t

000¢

"9T 2an3Td

0002

00slI 0001

~N

AN

™

.

73348 NOL L3N ¥3d HW

/

/

oS

2s

S
9

8¢
09
29
9

99

oL
2L
v

9L

8L

et



3) Steel man-hours = 399,900.
Product of man-hours per ton and net tons of steel.
4) Outfitting material cost = $1,467,000.
A figure of 50 cents per net pound of outfit was used throughout.
This is obviously a crude approach but probably reflects the general trend
in a satisfactory manner. This category includes hull engineering.

5) Outfitting man-hours = 399,600.

A figure of 305 man-hours per net ton was used as an average figure.
The remarks under paragraph 4 above also apply here.

6) Unit material cost of machinery = $96.3 per SHP. See Figure 17.
The curves for machinery costs are based on average figures used by
three individual estimators in Bast Coast yards. Machinery costs are gener-
ally applicable to other type vessels as well as tankers.

7) Machinery material cost = $1,926,000.

8) Machinery unit labor requirements = 12.45 man-hours per SHP. Sce
Figure 15.

9) Machinery labor men-hours = 249,000.
10) Total man-hours, direct labor = 1,048,500.

Summation of steel, outfit and machinery man-hour requirements.
These figures include engineering and drawings.

11) Total material cost = $4,394,700.
Summation of steel, outfit and machinery material costs.
12) Total direct labor cost = $2,411,000.

Based on an average hourly rate of $2.30. This includes a small
amount of overtime and/or bonus pay.

13) Overhead cost = $1,808,000.

Taken as 75 percent of total direct labor cost. This figure appears
to be a fair average but may vary quite widely.

14) Miscellaneous costs = $532,000. See Figure 18.

These costs include such items as launching, trials, and delivery.
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MISCELLANEOUS COSTS— DOLLARS (1955)
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Figure 18. Approximate Miscellaneous Costs for Tankers.
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15) Sub-total of above costs = $9,145,700.
16) Profit = $686,000.

A figure equal to 7—1/2 percent of the sub-total was used throughout.
17) Insurance = $45,700.

A figure equal to 1/2 percent of the sub-total was used throughout.
18) Drydock charges = $90,100.

Relating gross tonnage to the cubic number, and taking standard dry-
dock charges, yilelded an approximate figure of $3.50 times the cubic number.

19) Shipyard bill = $9,967,500.

Summing up in the usual manner:

Material $ 4,394,700
Direct Labor 2,411,000
Overhead (75 percent) 1,808,000
Miscellaneous 5522000
Sub-Total $ 9,145,700
 Profit (7-1/2 percent) 686,000
Insurance 45,700
Drydock 90,100
Shipyard Bill $ 9,967,500

The work outlined above plus considerable cross-fairing resulted
in the information compiled in Figures 19, 20, and 21.

Figure 19 can be used to approximate the building cost of tankers.
It is based on late 1955, early 1956 dollars and will need correction fac-
tors as dollar values continue to fluctuate.

Figure 20 shows the influence of deadweight and power on the cost
of construction. Non-dimensional ordinates are introduced to prolong the
useful life of the curves.

Figure 21 illustrates the influence of deadweight and speed on the
cost of construction. Non-dimensional ordinates are again used. Mr. J. A.
Pennypacker (Ref. 11) made studies similar to these but for dry cargo ships.
His conclusions, based on deadweights between 3,000 and 18,000 are essentially
borne out by the more extensive investigations presented here. The only ex-
ception to this is noted in the summary of his conclusions which follow:
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1) Speed has greater effect than does size on cost. This appears to be
true below deadweights of about 20,000 tons. Above that point it is not al-
ways trué, particularly within the lower speed ranges. For example, increa-
sing the size of a 40,000 deadweight 10 knot tanker 25 percent would increase
cost 14 percent. Increasing speed 25 percent would increase cost only 6—1/2
percent. In the case of a 16 knot tanker of 40,000 deadweight, these figures
would be 12-1/2 percent and 16-1/2 percent, respectively.

2) It costs more to increase the speed of a large vessel by a certain
amount than to increase the speed of a smaller vessel by the same amount.
This is rather obvious from the fan-like shape of the speed curves.

3) An increase in deadweight of a certain amount is more expensive
in a high speed vessel than in a slow speed vessel. This is shown by the
steeper contours found in the higher speeds.

4) For a given speed, the cost per ton of deadweight decreases as the
deadweight increases.

5. Duplication

Figure 22 presents a method of estimating the savings possible
through multiple-ship contracts. It is a mean line drawn through data points
from bids on four different classes of tankers. Reference 20 discusses in
detall the various factors causing reductions in cost through duplication.

i, Foreign Costs

Estimates of foreign shipyard construction costs range from 60
percent to 70 percent of American East Coast shipyard costs.

5. Distribution of Costs

Figure 23 shows the approximate distribution of costs for 40,000
ton displacement tankers of various speeds. Note the strong influence of
machinery costs as speeds increase.
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E. ECONOMIC CRITERIA

1. Introduction

Before making a cost study an engineer must settle in his own mind
exactly what he is looking for. His aim of course is to set up an economic
analysis that will allow a fair comparison of the "money earning" capacities
of various possible designs. '"Money earning' is put in quotation marks to
call attention to the fact that there exists widespread confusion and dis-
agreement as to the proper criterion for comparing the probable success of
two or more proposed designs. It is hoped that the following paragraphs will
help point the way to clearer thinking in respect to engineering economy in
ship design.

First of all, a tanker's usefulness to humanity is principally in
the movement of petroleum, a highly desirable commodity in our world today.
Employment of crew members and gainful work for shipyards are of secondary
importance. But how can we measure how well a tanker fulfills her main pur-
pose? In a socialistic economy, or in the case of a navy oiler, there is no
easy answer. In our free enterprise system however, society expresses its
wants and desires through its purchases and the almighty dollar is the best
measuring stick of social usefulness. From this it follows that one factor
to be considered is the expected income to be earned during the life of the
ship.

Income by itself is rather meaningless and must be balanced against
operating costs, the difference each year, the annual profit or loss, being
an indication of the vessel's net good to society.

The final factor, namely the initial investment, must also be con-
sidered so as to indicate whether the risk of investment is justified by the
net gain. If two proposed ships will earn equal net profits, the cheaper of
the two is obviously the more desirable investment, all other things being
equal. Once again social usefulness plays a leading role since society's
desires (as reflected in income) dictate to the prospective investor whether
he should gamble his money on a ship, in a uranium mine, or possibly put it
in the bank at 2—1/2 percent interest. Unless the ship investment can show
a prospective rate of return considerably in excess of the 2-1/2 percent
"no risk" bank investment, the chances are that the money would either be
banked or put into some other venture where the needs of society would re-
sult in a greater return on the investment.

2. Recommended Method: Capital Recovery Factor

A1l of the above factors can be conveniently brought together into
the following expression, which appears to this writer to be the best avail-
able criterion for engineering economy studies:

average annual profit
initial investment

C.R.F. (Capital Recovery Factor)
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The reciprocal of the capital recovery factor is of course the
"pay-off period" or "years to return investment".

Please note that the annual profit, as here defined, is simply the
annual income minus the summation of the operating costs (crew wages, fuel,
repairs, etc.) without consideration of depreciation or interest although
this is not necessarily the commonly understood meaning of the term. A brief
discussion of the place of these items follows.

5. Depreciation

The word "depreciation" has at least four distinct meanings (see
Ref. 21). The one most common to cost studies is the accounting concept. An
accountant looks upon the building cost of a ship as merely a prepaid opera-
ting expense which must be systematically apportioned among the years of the
vessel's life. Based on a predicted life of twenty years, the accountant will
divide the first cost of the ship (with or without a small credit for scrap
value) by twenty and include the resulting figure among the annual operating
costs. This is generally a bookkeeping trick, pure and simple, since the
establishment of a sinking fund for purposes of replacing an asset is seldom
carried out. It should also be noted that the accountant deals only in terms
of actual dollar cost and ignores changing values of the dollar.

Depreciation charges definitely belong in cost studies aimed at
determining operating costs per ton of cargo or profit per year. In studies
such as the one advocated here (capital recovery factor), the inclusion of
depreciation as an operating expense wrongfully complicates the issue by
double introduction of the influence of first cost into the calculation. This
is perhaps easier to see in the "years to pay-off" approach. If depreciation
is deducted from the annual profit, then the calculation of the pay-off period
will yield a figure which says, in effect, that such and such a ship should
repay the investment in (say) eleven years with a margin of 11/20 of the first
cost left over.

4., Interest

"Interest" is a fact of life simply because most of us would rather
have our hands on a dollar now than a year from now. This time value of
money is often overlooked in ship economy studies. The reasons for such an
oversight are two-fold:

1) All ships are assumed (usually) to have the same expected 20 year
life so that the time element is constant, making interest less important
than in situations where major differences exist.

2) Accounting records form the most fertile source of information for
engineering cost studies. Most large organizations'operate on money obtained
by the sale of stocks where there is no fixed rate of interest. Unless the
company actually has paid specific interest charges (such as on a bank loan)
the accountant will not include interest charges among operating expenses,
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In virtually every cost comparison the required investment will be
a variable. In addition to differences in repayment of first cost, there must
also be differences in return owing to the time value of money. It is axio-
matic that the larger investment must be justified by a larger profit. This,
of course, means nothing to the accountant. His job is to record what has
already actually happened to the money. He is in no way concerned with the
engineer's problem of making a rational choice between a number of possible
designs.

(Reference 21 is highly recommended to anyone interested in the
proper place of depreciation and interest in cost studies.)

As in the case of depreciation, interest charges definitely belong
in cost studies which are aimed at determining minimum operating costs per ton
of cargo or maximum profit per year. As shown in Table IIT, this makes a mate-
rial difference in results. Going one step further, it may be stated that
interest charges belong in every cost study involving a lapse of time between
investment and repayment. Omission is Justifiable, however, in the use of
the capital recovery factor or pay-off period methods. As shown in Table III,
the omission of interest does not affect the resulting prediction of optimum
design. This is simply explained by the fact that the point of highest rate
of return, before interest, remains the highest point after interest.

If one cares to make interest the unknown quantity to be solved by
economic studies, Figure g& relates the rate of return on investment to the
capital recovery factor. Handling interest in this manner seems to be pre-
ferable to including it as a fixed percentage among the operating costs.
There is, of course, a difference in the exact meaning of the word "interest"
in each case.

5. Amortization

The accountant's concept of depreciation, previously discussed, is
perhaps best described as '"capital recovery without interest'". If we recog-
nize the reality of the time value of money, we can see that the logical
approach would be to combine depreciation and interest charges into a single
series of annual payments. Such uniform payments are known as "amortization'".
This method is universally familiar since it is used in home mortgage pay-
ments and installment buying in general. Under this plan, the earlier pay-
ments may be predominantly interest charges with small residual reductions
in debt. As the debt is whittled down the interest charges gradually dwindle
with a corresponding increase in the rate of debt reduction.

6. Depreciation plus Interest

While the amortization approach really makes sense, it is not
often used in ship cost studies. The reason for this is that management,
used to thinking in accountants' terms, wants to see depreciation set out as
a separate item in the cost analysis. If the engineer is discreet, he will
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go along with this and will add interest as a separate item even though this
method is somewhat inaccurate. The inaccuracy can be minimized by the use of
an average interest figure arrived at as follows:

Annual interest charge = %% = ; l)
where
P = first cost of ship
i= desired.rate of interest
n = anticipated years in life of ship

If the salvage value at the end of n years is appreciable, the formula becomes:

Annual interest charge = (P-L) (%) (n ; l) + Li

where
L = anticipated salvage value

Interest rates currently used by ship operators run between 4 percent and 5
percent. With the usual twenty year life, an annual interest charge of 3
percent of the first cost seems a good average figure. Scrap values can be
taken somewhere between 1-1/2 percent and 2 percent of first cost. Many naval
architects prefer to ignore scrap value. Its omission simplifies the calcula-
tion and helps offset the inevitably overlooked expense items.

Lest there be any misunderstanding, let it be reiterated that the
capital recovery approach to economy studies, as used in this report, does
not involve depreciation charges and generally ignores interest charges.

7. Taxes

Present United States corporate taxes amount to a seizure of 52
percent of the annual net profit (with allowances for depreciation). Foreign
flag operations are generally considerably less taxed and registry inevit-
ably gravitates towards the country with the lowest tax rate.

Taxes are specifically omitted from this study because they will
have only a small influence on choice of optimum design and are subject to

frequent and arbitrary changes.

8. Cost Study Methods

The writer has run across no less than eight basically different
criteria used by various individuals to gauge the relative merits of two
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or more proposed ships. These are listed below, together with one or two
comments in each case:

1) Minimum Operating Cost per Ton of Cargo

This is by far the most common approach in the marine field today.
Its use consistently results in a choice of speed lower than that which would
return the highest rate on the investment. A faster vessel will carry enough
more oil per year (at a slightly higher cost per ton) to exceed the annual
profit of the slower vessel. The influence of cargo rates is of course lost
in the cost per ton calculation.

In the usual case where the tanker company is a subsidiary of a
petroleum corporation, there is a natural tendency to go along on the minimum
cost per ton basis. This is rationalized along the lines that: "We're not
out to make a profit but to carry oil for our parent company. The cheaper we
can do this, the better." This reasoning neglects the corporation's point
of view which recognizes that there are really two choices at hand:

a) Pay independent operators to haul oil at the current charter
rates, allowing investment of capital in expansion of, say, refineries with
an expected rate of return of about 15 percent.

b) Invest in a ship. This will be the wiser choice only if
the money saved by so doing amounts to about 15 percent of the capital in-
vestment. If the prospective savings are less than 15 percent, the net
corporation earnings would be greater if they were to pay an independent
operator to move their oil. ‘

Minimum cost per ton will give an accurate picture of relative
values only in the rare case where the various possible designs have identi-
cal first costs and fixed incomes.

2) Maximum Profit per Year

It was pointed out in the preceding paragraphs that increasing
the speed over that appropriate for minimum costs per ton will result in
greater total profits. It must, however, be recognized that higher speeds
require greater investments. The maximum profit approach goes beyond the
point of diminishing returns on the investment and leads inevitably to
excessive speeds. This is shown graphically in Figure 37.

Anticipated cargo rates will affect the point of maximum profit,
increased rates resulting in higher optimum speeds in an almost straight
line relationship.

After the design decisions are made and the ship is built, in-

vested cost is no longer a variable. Maximum profit per year then becomes
the best method of approach in choosing optimum speeds for various fluctuating
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conditions of wages, fuel costs and cargo rates. Obviously, once the invest-
ment is fixed, the speed giving maximum annual profit will also be the speed
yielding the maximum capital recovery factor. It is also quite immaterial
whether interest and depreciation charges are included since these remain
the same regardless of the speed one chooses to operate any given ship. The
same is largely true of wages, subsistence, repair, overhead, insurance and
supplies.

3) Maximum Capital Recovery Factor
This 1s the method advocated in this paper for reasons previously

given.

average annual profit

C.R.F. =
initial investment

The reciprocal of C.R F., the years to return investment, is per-
haps easier to visualize:

initial investment
average annual profit

Years to return investment =

Depreciation charges should not be included in these calculations. Interest
may or may not be included, this having absolutely no effect on the choice
of optimum design. Where numerical values of C.R.F. or years to pay off are
presented, these should specify whether or not interest has been charged.

If interest has not been charged, Figure 24 may be used to determine the
true rate of return.

As in the previous method, anticipated cargo rates will affect the
choice of optimum design. The effect is only about half as pronounced,
however. See Table III.

4) Return on Extra Investment

If the ship speed yielding maximum return (C.R.F.) is exceeded, the
extra investment required will yield a constantly decreasing rate of return.
Determination of the point where this falling rate reaches some arbitrary
figure, say 10 percent, has been advocated as a design criterion. There
may be merit to this approach where only one or two ships are proposed.

The argument still arises, however, that the extra cost might better be
invested elsewhere.

5) Minimum Required Cargo Rate to Return Investment in N Years
A design chosen by this method will not be as efficient as one chosen

by the maximum C.R.F. method unless the minimum cargo rate so obtained happens
to coincide with the actual average cargo rate over the life of the ship.
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6) Meximum "Efficiency"

Efficiency as here defined is annual gross income divided by annual
expenditures, including depreciation and interest charges. Like other sy-
stems requiring depreciation charges, inaccuracy is bound to occur unless the
true pay-off period happens to coincide with the twenty year life of the ship.

Use of this method without depreciation and interest removes all
reference to first cost and makes the ratio altogether meaningless in economy
studies.

7) Minimum Construction Cost to Move X Tons Y miles per Year

Use of this system results in ships of excessive speed since this
method ignores the large fuel costs associated with high speeds.

8) Break-Even at Cargo Rate 20 Percent Below USMC Flat Rate

A vessel chosen by this method would be the best investment only
under the most unusual combination of circumstances.

9. Summary of Comments on Economic Criteria

If the reader will agree that rate of capital recovery is the
proper measure of probable success, then Table III below shows that all seven
other criteria are wrong. This is specifically pointed out because there may
be those who assume, for instance, that the ship with the lowest operating
cost per ton is also the one with the highest profit per year and automatically
the best money-earner.

10. Comparison of Optimum Design Speeds Based on Various Criteria

Table III was prepared to demonstrate the wrong answers obtainable
by the use of various cost study methods. The eight criteria previously
discussed were applied to a uniform series of hypothetical tankers with in-
stalled power (hence speed) as the basic variable. In most cases, variations
in the basic methods were introduced so that the total number of methods
reached eighteen. Three different cargo rates were applied giving a grand
total of 54 combinations.

These cost studies applied to M0,000 deadweight tankers operating

between the Persian Gulf and, the East Coast of the United States via the
Suez Canal.
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11. Intangible Factors
No matter what system one may use in studies of this nature, there

will always be a number of influential factors which are irreducible to
dollar values. A cost study, to be really complete, should contain mention
of these items. Some typical examples might be:

1) Publicity value of exceptional size or speed.

2) Likelihood of resale at some future date.

3) Conformity with existing fleet.

4) Cargo capacity suitable to shoreside facilities.

5) Relative risk.

12. Accuracy in Economy Studies

Since the engineer may be looking for fairly small differences
between two or more alternatives, he is justified in carrying his predicted
costs to several significant figures. It is of course important that he not
take his resulting quantitative answers too seriously. Certainly, no one
can predict with accuracy how the cost structure will change over the twenty
year life of the vessel. Labor disturbances, accidents, breakdowns; these
are all apparently part of the normal circumstances under which a vessel
must operate. Predicted earnings are invariably based on the rosy view that
none of these disruptive influences will occur. Any quantitative presenta-
tion of results should be plainly labeled: "Potential Earning Capacity".

13. Influence of Inflation

The continuing inflationary trend of the past two decades brings
the possible influence of inflation into the picture. There is a tendency to
assume an indefinite continuation of this development owing to government
monetary policies, labor demands, etc. On this basis, there is a natural
inclination to slant engineering decisions toward faster, more expensive
ships on the theory that tomorrow's cheaper dollar will make it easy to
pay today's debt. Such an attitude seems wrong to this writer, at least
for long-term investments. When the dollar goes down in value, the gen-
eral cost of living goes up, crew wages and fuel costs go up and presum-
ably the cargo rates go up no more than a commensurate amount. It is true
that the initial investment stays the same in dollar cost but it does not
stay the same in value. This is brought home quite strongly to the ship-
owner who has gone through the past years setting aside only 5 percent of
first cost each year towards replacement of his ship. At the end of twenty
years of inflation this system supplies him with the cash to purchase only
half a ship. This trap is set by law since corporations are not allowed to
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recognize inflation in their depreciation charges. There is reason to argue,
then, that cost studies can ignore inflation on the presumption that relative
values will remain more or less the same.

14. Changing Relative Costs

Figure 25 shows how costs of ship construction, fuel oil and sea-
men's wages have fluctuated since 1940. These figures are corrected for
changing dollar values. It is obvious that seamen's wages have more than
doubled in real cost, whereas the other major items have remained within 15
percent of their 1940 value. If the engineer has reason to believe these
trends will continue, he can take them into account by basing his costs on
what he predicts will be average figures over the twenty year life of his
ship. 1In this case, higher relative wages Jjustify higher speeds. Data for
Figure 23 came from References 22 through 25 and from the United States Mari-
time Administration.

48



"Oh6T 9ouTg sgso) Surqexadp dryg BUT309IJV SI030Bd JO UOTABNGONTI ‘G2 2an3TJd

¥V3A
9, G5, S, €5, 2, IS, OS, 6y 8y Iy O Sn bh o b, b, ovel oe"
" n 4 ' 4 t t } + } f } } ' h } }
1SV0D 1Sva NO  __ To€
SLSOD ONIGTINGdHHS ™~
7
PP - 001
{or
soguvH AN N— Loz
$1S09 110 13n4 o
N 3-F
—m
c@L toe:
Om<
Mom |f°¢._
I.-Jﬂ.v
oo
Mapyw
= 1o
32=
F=5
5o R+to9
<
(2]
tor1
a— N3IWV3S gV .
Y04 3IVIS 39VM Jisva 1081
+os'l
4002
+0r1e
loz2

L9



F. OPERATING COST ANALYSIS

1. Introduction

As in the weight and construction cost analyses, it was felt that
most of the components of operating economics could be related more or less
directly to the displacement or the horsepower. Other variables entered the
picture, however, to such an extent that no attempt at any final family of
curves was felt to be practicable. These additional variable factors included:

American flag vs. foreign flag operation.
American vs. foreign construction costs.
Various trade routes.

Various cargo rates.

Various fuel oil costs.

Bunkering arrangements.

A1l studies and figures in this paper are confined to tankers in
the crude oil trade.

Some uses of the operating cost relationships presented in this
section are illustrated by a number of studies, the results of which are
presented in Section G.

With the generous cooperation of nine different tanker operating
companies, the author was able to compile operating cost figures which are
believed to come fairly close to industry-wide averages. There was, as
expected, wide divergences of opinion on certain elements of cost, but an
honest effort has been made to reconcile these differences, particularly
with an eye towards the establishment of correct trends.

2. Method for Analysis of Operating Costs

There follows a series of paragraphs explaining the method set up
for the determination of operating economics. The goal of this system is
to arrive at the relative potential capital recovery factors of a series of
tankers with any combination of the variable factors outlined above. Refer-
ences 26 and 27 contain detailed information on the make-up of the various
operating cost categories.

1) Primary Variables
Since engineering cost studies are principally useful for compariﬁg
two or more alternatives, it follows that any such study will set up a series

of hypothetical designs with a systematic variation in a single basic factor.
In ship operating analyses, the most common variables are either speed or
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deadweight although any other single factor may be used instead. Speed and
deadweight are wedded to displacement and shaft horsepower as shown in Section
C so that any one of these four factors may be used with equal facility,

. Numerical values taken from some of the curves are apt to be a bit
crude. Since we are looking for small differences between large numbers
‘it is necessary to plot a certain number of cross curves to ensure a fair
relationship. For this reason it is strongly recommended that each study
cover five or preferably six arbitrary values of the basic variable. As
one weather beaten old naval architect says: "Three points can't give you
a curve, four won't, five may!"

2) Sea Speed
The nominal sea speed relationships worked out in Section C are
based on summer loadline displacements. Ballast speeds are usually six to
ten percent higher. This difference is generally neglected, the potential
gain helping to offset the inevitable unexpected delays in operation as well
as the possible loss in cargo deadweight during the winter season.

3) Shaft Horsepower

It is assumed that the full normal SHP is used as much as possible
while at sea.

4) Deadweight and Displacement

The relationship between deadweight and displacement for various
SHP's (and speeds) is assumed to be that worked out in Section C.

5) Sea Distances

The following approximate round trip sea distances represent
typical tanker trade routes:

Aruba to Philadelphia: 3,500 sea miles
Singapore to San Francisco: 15,000 sea miles
Pakning to Batangas: 35,000 sea miles
Sidon to Southampton: 6,500 sea miles
Ras Tanura to Kurnell: 14,500 sea miles
Sidon to Pernis: 6,800 sea miles
Sidon to Savona: 35,000 sea miles
Pakning to Richmond: 15,000 sea miles
Ras Tanura to Yokohama: 13,200 sea miles
Ras Tanura to Bec D'Ambres: 12,000 sea miles
. Sidon to Bec D'Ambres: 6,100 sea miles
Kuwait to Philadelphia via Suez: 17,000 sea miles

Kuwait to Philadelphia via Cape of Good
Hope 24,000 sea miles

51



Abadan
Abadan
Abadan
Abadan
Abadan
Abadan
Bombay
Bombay

to N. Y., via Suez:
to N. Y., via Cape of Good Hope:
to Southampton via Suez:

to Southampton- via Cape of Good Hope:

to Marseilles via Suez:
to Marseilles via Cape of Good Hope:
to Southampton via Suez:

to Southampton via Cape of Good Hope:

New Orleans to New York:
Galveston to New York:

6) Port Time

17,500
25,200
13,000
23,200

10,000

23,000
12,200
22,500
3,400
3,800

sea
sea
sea
sea
sea
sea
sea
sea
sea
sea

miles
miles
miles
miles
miles
miles
miles
miles
miles
miles

Tanker operators have found it desirable to let their vessels remain
in "home" port somewhat longer than is strictly necessary.
pally a matter of crew morale and greater port lay-overs are appropriate for
ilonger voyages. Figure 26 shows the port days per round trip used in this

study.

7) Canal Time

This igpprinci-

Two days per round trip is assumed for Suez Canal passage, where
applicable. This figure is high enough to include a normal amount of delay

time.

8) Operating Days per Year

Estimates by eight different tanker operators as to average opera-
ting days per year over the lifetime of the ship varied from 329 to 359.
average of the figures given was 342.

9) Variable Weights: General Comments

The

Thé calculation of cargo deadweight involves the subtraction of
the variable deadweight items from the total deadweight.
here is that the restrictions on draft are not always set at the loading
port. Cognizance must therefore be taken of the changes in draft which re-

sult from the consumption of fuel oil and stores between the loading port

and the place in which draft is restricted.

As an example, a 40,000 deadweight tanker taking on cargo at
Abadan can load to 35 feet 6 inches and arrive at Suez with a draft of

exactly 35 feet. This same vessel will not have to worry about draft

restrictions entering the winter zone in the North Atlantic because con-
sumption of fuel and stores will give her more than ample winter free-

board. Vessels rounding the Cape of Good Hope may or may not consume

sufficient variable weights to bring them up to their winter marks.
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In the case of nuclear powered ships, the variable weights will be
relatively small and corrections of this nature will assume a different aspect.

Most crude oil tankers bunker for a round trip at the discharge
port, this being where Bunker C is generally cheapest. Where round-trip
bunkers are taken on at the loading port, a corresponding reduction must be
made in the cargo deadweight.

10) Fuel 0il at Sea
The following all-purpose fuel consumption figures seem appropriate

for modern steam turbine driven tankers. These assume some loss in efficiency
over the life of the ship:

SHP Lbs/SHP-Hr Tons /Day Bbls/Day
3,000 0.6063 19.49 129.2
5,000 0.5877 31.48 208.7

10,000 0.5653 60.57 L01.6
15,000 0.5527 88.82 588.9
20,000 0.5446 116.70 T73.7
25,000 0.5388 14k, 32 956.8
30,000 0.5346 171.83 1139.2

For convenience of interpolation, Figure 27 shows the specific fuel
d tons per day for various SHP's.

11) Reserve Fuel 0il
Normal caution dictates the carriage of a certain amount of reserve
fuel oil in case of emergency. An average figure may be arrived at, in
terms of days' supply, as follows:

Days' reserve = 1 + 1/5 sea days, one way.

Figure g§ shows this reserve amount worked out as a factor to be
applied to the normal sea fuel requirements.

12) Miscellaneous Fuel 0il Requirements
Figure 29 may be used to approximate the fuel required for:
port operations
Suez Canal passage

idle status requirements

The latter item covers oil used during repair period.
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13) Miscellaneous Deadweight Items

Figure 30 may be used to estimate the total weight of such items as:

make-up feedwater
washing water
drinking water

stores and provisions
lube oil

crew and effects.

Evaporators are assumed to be installed.
The principal item is that of lube oil and a plotting base of SHP

was felt to be logical. The effects of variations in speed and in deadweight

were investigated and found to be small enough to permit omission from a cal-
culation of this nature.

14) TFuel 0il Costs
Recent figures on fuel oil costs are:

$2.80 per barrel north of Cape Hatteras,
$2.20 per barrel in United States Gulf ports.

Variations from $2 to $3 per barrel were investigated and $2.50
per barrel was a figure used for averages in the cost studies shown in
Section G.

15) Port and Canal Fees

a) Port charges showed wide variations from point to point. A reason-
able general estimate may be made as follows:

Deadweight
10

Port charges per round trip = $1000 +

b) Suez Canal fees are based on Suez Canal tonnage as follows:
Vessel with cargo: 34 piasters ($0.98) per net ton

Vessel in ballast: 15-1/2 piasters ($0.45) per net ton

In addition, there is a flat fee of about $490 per round trip.

In order to simplify estimates, the above factors were related to
the deadweight and the following approximation resulted:

Suez Canal fees per round trip = $500 + $0.75 Deadweight
(Loaded one way, return in ballast)
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16) Crew Wages
An analysis of crew costs was made on the following assumptions:

a) Deck crew wages vary with displacement
b) Engine crew wages vary with SHP
c) Galley crew wages amount to 14 percent subtotal and a and b.

Unfortunately, very few of the companies furnishing cost data were
able to provide a breakdown between departments. There were, in addition,
the usual differences caused by variations in crew size for identical ships,
wage scales and extent of fringe benefits. Some operators prefer a relatively
small maintenance crew, preferring to accept a larger annual shipyard repair
bill. Taking all of the above into account, the final estimate of crew wages
shown in Figure 31 can make no claim to quantitative accuracy. The general
trends are felt to be reasonably correct, however.

For foreign flag operations, a straight percentage of American flag
crew costs was found to be totally inaccurate. American flag tankers of
moderate size have very large crews and large increases in size can be effected
without commensurate increases in crew. This is not true in the case of for-
eign vessels, however, so an independent study of crew wages was made for
foreign flag operation. European rather than Oriental crews were assumed.
Figure 32 shows the results of this study.

17) Overhead and Miscellaneous

Overhead and miscellaneous costs show considerable variation between
companies. An average figure may be approximated as follows:

Annual overhead and miscellaneous costs = $44,500 +

$ Deadweight
1000

The above approximation is suitable for foreign as well as United States flag
operations.

18) Maintenance and Repair Costs

Figures for annual costs of maintenance and repair must reflect
average costs during the life of the ship.

A study was made of these costs broken down between hull and mach-
inery. Results are presented in Figure 33.

The remarks regarding accuracy in the notes under paragraph 16,
above, apply here also.
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As regards repair costs in foreign yards, these will generally be
considerably lower than those shown in Figure 33. Repairs abroad are slower,
however, so that repair bill savings are counterbalanced by loss in revenue.
For the cost studies which follow, the costs shown in Figure 33 were used for
foreign flag as well as United States flag operations. The flag a vessel flies
does not, as a rule, dictate where repairs shall be made, in any event.

19) Cost of Stores and Supplies
As in the previous case, a study of costs of stores and supplies was
made with a breakdown between departments. Galley stores (not including food)
were taken at $100 per year per man. Engine stores were varied with SHP
and deck stores with deadweight. Figure é& presents the culmination of this
analysis. Note that lube oil costs are included.

These figures are suitable for either foreign or United States flag
operations.

20) Insurance

An average figure for total annual insurance costs may be approxi-
mated as follows:

U. S. Built:

Anrual insurance cost = $5000 + 1.2% invested cost.
Foreign Built:

Annual insurance cost = $4000 + 1.5% invested cost.

Invested cost includes miscellaneous owner's expenses in addition to the
shipyard bill.

21) Subsistence Costs

In order to simplify estimates, the annual cost of food supplies
was related to annual wages. This was found to average as follows:

U. S. Flag:

Annual subsistence costs = 9.4% annual wages.
(about equal to $2 per man per day)

Foreign Flag:

Annual subsistence costs = 25% annual wages.
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22) Annual Income

The total tons of cargo oil moved per year can be established by
the information already presented. Cargo rates fluctuate in a mercurial
manner and it may pay to investigate the effect of changing rates on optimum
design considerations. In one recent analysis, the single-voyage charter
rates on a certain route jumped around since 1950 between minus 45 percent
and plus 75 percent of the U. S. Maritime Commission flat rate. The average
was within 6 percent of the flat rate however.

Following are the USMC flat rates for black oil on some typical

runs:
Ras Tanura to Philadelphia via Suez: $12.70 per ton
Ras Tanura to Philadelphia via Cape of Good
Hope: $14.95 per ton
Ras Tanura to San Francisco: $16.30 per ton
Aruba to Philadelphia: $ 2.70 per ton
Bahrein to Los Angeles: _ $16.60 per ton

23) Invested Cost

The total cost of a ship, to the owner, includes certain miscellane-
ous expenses in addition to the shipyard bill. This might cover such items
as naval architect's fee, inspection, transportation expenses, etc. The added
transportation expense of building a ship abroad is offset by the lower design
fees involved. V

An average cost of these miscellaneous appended expenses may be ap-
proximated as follows:

Miscellaneous owner's expense = $350,000 + 1.5% shipyard bill.

The shipyard bill may be estimated by the methods outlined in Sec-
tion D, with appropriate reductions in the case of multiple orders.

Note that it is the total invested cost to the owner which should
be used in operating cost studies.

Invested costs in foreign-built ships were taken at 65 percent of
the comparable figure for ships built in this country.

3. Summary
The cost approximations presented in this section may prove use-
ful to those who do not have access to confidential operating costs. Where

actual cost figures are available, the curves showing effect of size and
power may be of benefit in extrapolation. While figures given here may not
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be precise, they are felt to reflect trends correctly and should be suffi-

ciently reliable for comparative studies. A typical example worked out in

detail in the next section illustrates use of the operating cost methods
discussed in the preceding paragraphs.
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G. APPLICATION OF OPERATING COST ANALYSIS

1. Introduction

The purpose of this section is to illustrate the use of the operating
cost analysis by application to a number of specific problems.

The optimum designs predicted by the following studies are intended
to represent general averages for the shipping industry today. Individual
operators, each with his own special set of circumstances, may find it de-
sirable to depart to some extent from the numerical values arrived at in the
following studies. Irreducible influences must also be weighed before settling
on any given design as the "best of all possible".

2. Basic Assumptions

The studies in this section are confined to the following basic
conditions except as specifically noted:

1) Crude oil movement from Kuwait in the Persian Gulf to Philadelphia
on the East Coast.

2) Tanker specifications as detailed in Appendix I.
5) Cargo ratesvtaken at the USMC flat figure:
via Suez - $12.70 per ton
via Cape of Good Hope - $1L4.95 per ton
4) Fuel oil costs taken at $2.50 per barrel ($16.75 per ton).
5) Maximum allowable draft entering the Suez Canal taken at 36'0".
This was the projected figure which had definite possibilities of ultimate
fulfillment at the time this study was initiated. Allowable drafts at the
loading port are somewhat greater owing to the consumption of fuel and
stores enroute.
6) Operating days per year taken at 3k42.
7) Invested costs based on two-ship contracts.

8) Fuel oil carried from loading port for one way only.

3., Variables

In many of the following examples the primary variable was SHP
(with resulting variations in speed) since most of the component curves
in Section F are based on SHP. This was simply a matter of convenience and
the end results were readily expressed in terms of speed.
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Deadweight was generally used as the size parameter, this being
the conventional practice.

Other variables investigated in individual studies were:
1) Fuel oil costs.
2) Cargo rates.
3) American flag vs. foreign flag operations.
L) American vs. foreign construction costs.
5) Changing crew costs.

The relative merits of the following three sea routes were
investigated:

1) Persian Gulf to East Coast via Suez.
2) Persian Gulf to East Coast via Cape of Good Hope.

3) Persian Gulf to East Coast via Cape of Good Hope, return via
Suez.

Appendix II presents a partial study of the influence of hull form
characteristics on operating economics.

I,  Mathematical Solutions

Having arrived at a series of curves and simple formulas for the
establishment of the various components of income and expenditures, it is
a relatively straight-forward task to add, subtract, multiply and divide as
required to produce the plotting points necessary for the graphical solution
of the point of optimum design. As will be seen in the worked-out example
which follows shortly, the multiplicity of steps makes this sort of solu--
tion a time consumer. Naval architects of strong mathematical bent usually
feel motivated to establish a complete overall equation and solve for the
maximum point on the curve by differential calculus. There is no reason
why such a solution should not be considered although the following facts
tend to make such an approach unsatisfactory:

1) Influence of various components of cost are hidden from view and
are not easily subjected to individual investigation.

2) Simplifying assumptions generally grow bolder as the developing
complexity of the equation becomes more overpowering.
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3) The amount of labor involved in setting up and solving the equation
will, as a rule, exceed that of the more pedestrian tabular method.

4) Allocation of routine calculations to a subordinate is an unlikely
possibility.

5) Errors are more likely to occur and are more difficult to detect.

6) While end results may be correct, the lack of graphical solution
removes basis for judgment relative to effects of minor departures from
optimum point.

Where digital computer facilities are available, the aforementioned
criticisms are greatly weakened. It seems safe to predict that future years
will see many extensive cost studies handled by such means.

5. Example

The object in this example was to choose the optimum speed for a
tanker operating between Kuwait and Philadelphia via the Cape of Good Hope.
An arbitrary deadweight of 80,000 was assigned. American construction and
operation were assumed. Other assumptions were as earlier specified.

The step-by-step solution of this problem is worked out in tabular
form as follows on pages

Figure 35 shows a method for the graphical solution of the optimum
speed and corresponding maximum value of the capital recovery factor. As an
aid in finding the precise values of SHP and speed, the curve of differences
in CRF is plotted. This curve crosses zero at the optimum SHP. The results
of this solution are:

optimum speed - 16-1/4 knots
maximum CRF - 28.4 percent

Figure éé shows the relationship between investment, annual profit
and optimum speed for the above study. The influence of speed 1s more potent
in smaller vessels. Figure 37 comes as a result of a study exactly the same
as the above except the deadweight is 40,000 rather than 80,000. Note that
in either case, deviations of a knot one side or the other of the optimum
speed will cause only a small reduction in the rate of return. Intangible
influences may therefore justify significant departures from the speed
chosen by straight-forward analysis alone.

6. Effect of Variations in Cargo Rates and Fuel 0il Costs

Figure é§ shows influence of the cargo rates and fuel oil costs on
the optimum speed and CRF. These figures were based on the same conditions
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as in the preceding example. For this particular set of circumstances the
following conclusions can be drawn:

1) An increase of 50 percent in the cost of fuel oil decreases the
optimum speed by about half a knot. The capital recovery is decreased by
two percentage points.

2) An increase of 50 percent in the cargo rate increases the optimum
speed by about half a knot and effects a Jump of fifteen percentage points
in capital recovery.

3) Variations in fuel prices and cargo rates have, for all practical
purposes, a straight line relationship with both optimum speed and capital
recovery.

{. Weight Distribution

Figures 39 and EQ allow a comparison between tankers of 10,000 DWT
and 40,000 DWT relative to the allotment of weights. Note the exaggerated
influence of speed, in the smaller tanker, on the loss of cargo deadweight.
On long voyages, such as the one under consideration here, the weight of
bunker oil for even a one way voyage will more than equal the weight of all
the machinery and equipment within the engine and boiler rooms.

8. (Cost Distribution and Profit

Figure &; shows the distribution of annual operating costs in the
case of the 40,000 DWT tanker operating on the 24,000 mile R. T. voyage. It
is quite apparent that speeds above 17 or 18 knots are uneconomical largely
because of rapidly increasing fuel costs.

9. Influence of Construction Costs

The 80,000 DWT tanker analyzed in the earlier example was assumed
built in the United States and operated under American flag. Table IV below
compares optimum speed and capital recovery based on foreign rather than
American construction costs. Compare lines A and B.

10. Influence of Foreign Flag Operation

Teble IV shows the effect of foreign (European) crew costs etc.
on the optimum speed and capital recovery. Compare lines A and C.

11. Combined Influence of Foreign Construction and Operating Costs

Table IV allows comparison between vessels built and operated here
and abroad. See lines A and D.
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TABLE IV. INFLUENCE OF CONSTRUCTION COSTS AND CREW COSTS ON
OPTIMUM SPEED AND CAPITAL RECOVERY

Capital Recovery

Line Construction Flag Optimum Speed Factor
A U. s. U. S. 16.25 %2844
B Foreign U. S. 16.4 *43.7%
c U. S. Foreign 16.0 31.0%
D Foreign Foreign 16.1 47.6%

¥ CRF is before taxes.

12. Conclusions from Table IV

1) For the stated conditions, it is apparent that high crew costs justify
high speeds while high construction costs dictate lower speeds. This is as
reason predicts although the net difference is surprisingly small.

2) Conclusions relative to going abroad for new construction and crew
are both obvious and painful.

13. Influence of Crew Costs

Figure 25 shows that relative crew wages have more than doubled
since 1940. If this trend continues, somewhat higher speeds will be in order.
The table below shows the effect of doubling the crew wages and food costs
in the case of the 40,000 DWT tanker operating around the Cape of Good Hope.

Conditions Optimum Speed CRF
Present-day costs 15.8 15.8%
Double crew and food costs 16.3 11.6%

14. Optimum Suez Canal Size

The traditional view that a ship should be tailor-made to the maxi-
mum draft limitations of certain harbors or canals has recently been dis-
proved. In the case of tankers operating through the Suez Canal, for example,
oversize vessels at partial displacements have been found to be better money
earners than vessels whose dimensions were designed around the canal draft.
This is a bit disquieting to the naval architect who has always felt that
draft limitations represented one of the fixed values in preliminary design
work.
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The purpose of this particular study was to determine the optimum
size tanker for the Persian Gulf to East Coast trade via Suez. Cost studies
similar to the one in the example were made for tankers of 30,000, 40,000,
45,000, and 50,000 tons deadweight. It should be noted that tankers tailor-
made for the canal are of about 40,000 DWT. Vessels of greater nominal dead-
welght must move through the canal at only partial cargo capacity. Figure 13
was used to determine speed and capacity at reduced drafts.

Figure &g_shows the influence of size and power on the money-earning
potential of United States built and operated Suez Canal tankers. It is evi-
dent from these curves that 40,000 DWT tankers are about two percentage points
less efficient than are those of 50,000 DWT. The best vessel appears to be
about as follows:

Deadweight - 50,000
SHP - 15 > 500
Displacement - 62,800
Normal draft - 38" 3"
Nominal sea speed - 16.1 knots
Maximum CRF - 20.7%

A similar study was carried out for foreign built and operated
tankers. Unfortunately the range of sizes inhvestigated did not extend high
enough for this combination of factors, and time did not permit additional
calculations. Most of the components of cost plotted in fairly straight lines
and these were extrapolated to allow a rough estimate of optimum conditions.
The indications were that these would be about as follows:

Deadweight - 60,000
SHP - 1k,000
Displacement - 73,400
Normal draft - Lo' 3"
Nominal sea speed - 15.1 knots
Maximum CRF - 36%

It can be concluded from these studies that, in general, vessels
should be built oversize for their draft limitation. Such ships can carry
enough extra cargo, owing to their greater length and beam, to more than
offset their increased construction and operating costs. The ideal extent
of over-sizing can only be determined by cost studies. These statements
assume the availability of cargo in unlimited supply and would not apply to
ordinary dry cargo ships.

15. Alternate Routes Between Persian Gulf and East Coast

Having established approximate optimum designs for vessels opera-
ting through the Suez Canal, it was of interest to investigate the possibili-
ties offered by the alternate routes. By-passing Suez, while not quite a

83



" (pegeradp pue 37T °S ‘n)
SOTUWOUOOH JI9XUB], TBUB) 2ZaNg U0 JHS pue PQWH@B.@.WQQ JO sdusnTJul .N.J @;H.Dw.n.m

000l + 1H9I3Mav3a

09 m_m 95 S 25 05 8t op b 2t ob 8¢ 9¢ be 2z o
..—.30 000'0S ._.h JAHND _mwomo _ \
) dHS |
00002 0005l — 0000l 000¢ \\\ /e
Y \
\ - b
\\ \X‘ Gl
&7
L L
ST >
\ oo.o/ °
AN :
(o)
r\ ] . 8l
ans sh 35 .x<< \\\
k\ 7 61
— = —
\_ —
_ ] 0z
|

% 449

84



necessity at the time of this study, gave promise of being a desirable move
on economic grounds alone.

It is a well-known fact that where the cargo is available, the big-
gest ship, within reason, will be the most efficient. Elimination of Suez
draft restrictions allows greatly increased deadweight capacities as shown
by Figure 12. Among the intangibles that must be considered are the problems
the 80,000 ton tankers would present at the unloading terminals as a result
of their drafts (about 43' 6"). A glance at the comparative economics should
convince the reader that additional expenditures required for handling 80,000
DWT tankers are Jjustifiable.

As discussed earlier, 80,000 DWT was chosen as the top limit for
this work since it was felt that vessels of such size were near the limit of
single screw propulsion. Twin screws have so many drawbacks (less propulsive
efficiency, increased building costs, increased crew requirements, etc.) that
it is believed there is no advantage in the use of twin screws to increase
size unless the deadweight is Jjumped to 100,000 or more. In any event, the
introduction of twin screws as another variable was felt to be beyond the
scope of this paper.

Cost analyses were made for tankers of 40,000 and 80,000 tons dead-
weight operating around the Cape of Good Hope. In addition, the 80,000 DWT
vessel was analyzed on the basis of rounding the Cape loaded but returning
through the Suez Canal on the return voyage.

The cargo rate was taken at the USMC flat rate of $1L4.95 per ton.
As long as both routes are open it seems a bit incongruous to pay more for
0il carried one way than the other. One of the comparisons presented below
removes this artificial advantage and shows the route around the Cape to be
superior on its own merits.

Table V summarizes the results of these investigations.

16. Conclusions from Alternate Route Studies

1) The optimum tankers for use through the Suez Canal are not as effi-
cient as larger tankers operating around the Cape of Good Hope.

2) The most efficient arrangement is to carry the oil around the Cape
in the largest practical tanker (about 80,000 DWT) returning through Suez
in ballast.

3) Vessels built in this country and operated under the American fliag
cannot compete on equal footing with foreign vessels.
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APPENDIX I. SPECIFICATIONS

Following is a brief specification, in outline form, for the tankers

dealt with in this paper:

1)
2)
3)
L)
5)
6)

T

8)
9)
10)

11)

12)

Normal proportiona and hull form.

Single screw propulsion.

Normal extent of superstructure.

Zero sheer in way of cargo tanks.

Classed A.B.S Al (:) - 0il Carrier, AMS.
Minimum allowable riveting, maximum welding.

Twin bulkhead construction, possibly going to triple in the largest
sizes.

Flat bulkhead construction.
Longitudinal framing.
Single cargo pumping system.

Geared turbines, water tube boilers with steam conditions average
modern practice for installed SHP.

Volumetric capacity for loading full and down with gasoline cargo.
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APPENDIX II. HULL FORM STUDY

Figure 3 shows the assumed relationship between block coefficient
and speed-length ratio. The slope of curves such as this are based on tank
research. The quantitative values are adjusted to suit the general average
of existing ships of the type, on the theory that the more successful ships
are the ones most frequently reproduced. It was felt desirable to make an
economic study to determine if this average curve represented optimum design
or was merely an advanced case of naval architectural inbreeding.

These studies required individual estimation of horsepower (based
on Taylor's Standard Series with a correction factor to bring agreement
with moder vessels) and a complete reworking of weights, construction costs
and operating costs for each of 23 distinct designs. In each case the vessel
was held at 50,000 tons displacement and the operation was confined to the
movement of oil from the Persian Gulf to the East Coast via Suez. Foreign
costs were assumed and the cargo rate and fuel oil costs were held constant.

The study was done in two parts. In the first instance, the block
coefficient was held at 0.75 and length was arbitrarily varied. The draft
was held constant and beam adjusted to hold the displacement to 50,000 tons.
Installed power was also introduced as a variable so that the optimum speed
(hence speed-length) could be determined for each length. The conclusion
from this part was that for a given displacement, block coefficient, and
draft, the ship should be as short and wide as regulatory bodies and/or
practical considerations will allow.

In the second half of the study, displacement and draft were held
the same as before while the speed-length ratio was arbitrarily set at 0.60
and the block coefficient was varied from O.74 to 0.82. From the preliminary
study, the value of B -(L/10) was set at 26, this being the approximate beam-
iest proportion found in modern ships of this size. For each block coeffi-
cient there was then only one possible combination of length, beam and speed
suiting the above restrictions. These hypothetical designs were analyzed
and the results are shown in the table following.

Conclusions

1) For a given displacement, block coefficient, and draft, the vessel
should be as short and wide as practical considerations will allow.

2) For a given displacement and draft, the block coefficient can be
varied widely with negligible effects on rate of return.

Smaller block coefficients call for longer, high powered and hence
more expensive ships, principally because of greater machinery costs. The
increased speed and annual income of the finer lined vessels almost exactly
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(all costs are in $/1000)

Block coefficient

Length

Beam

Draft

Midship Coef.

Prismatic Coef.

Sea Speed

SHP

Deadweight

Cargo per R.T.

Cargo per year

Fuel oil costs per
year

Total operating costs

per year
Income per year

(UsMC flat rate)

Profit per year

Invested cost

Capital recovery
factor - %

0.74
690
95
36
0.985
0.751
15.78
12,340
39,440
37,520
2k9,100

381 .4
1014.3
3163.2
2148.9
6365 .2

33.8

0.78
670
93
36
0.985
0.792
15.54
11,735
39,475
37,610
2l6,300

367.0
995.0
3127.7
2132.7
6321.8

33.7

0.80
660

92

0.985

0.812
15.41
11,330
39,490
37,680
2kl /900

354.9
980.1
3110.6
2130.5
6297 .4

33.8

0.82
650
oL

0.985
0.83%2
15.30
10.970
39,510
57,720
243,600

346.2
968.9
309k.3
2125 .4

6277.5

33.9

- balance the greater investment and operating cost.

The net effect produces

the situation of operational efficiency being independent of the block coeffi-

cient under the stated conditions.

3) The above study allows the further inference that for a given length,
beam and draft, the most efficient tanker will be the one whose displacement,

hence block coefficient is as large as questions of seaworthiness allow.

This

figure will be a function of weather conditions on the intended sea route.

In

this respect it may be pointed out that a number of existing ore carriers have
block coefficients of from 0.80 to 0.83 whereas tanker blocks seldom exceed
0.77. 1If sea conditions permit, it seems quite probable that improvements
over modern tankers could be effected through increases in the block coeffi-
cient. One intangible, of course, is the greater loss in speed experienced
by the fuller vessel in heavy weather.
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APPENDIX V. SYMBOLS AND ABBREVIATIONS

Barrel

Capital recovery factor

Block coefficient

Depth of hull in feet

Deadweight in long tomns

Displacement in long tons, salt water
Length between pérpendiculars

Round trip distance in nautical miles
Shaft horsepower

United States Maritime Commission

Normal sea speed in knots
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