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GENERAL DESCRIPTION OF “GAUGING” SYSTEM.

Although meters and other devices are sometimes used for
measuring oil in bulk, “gauging” is the usual method when large
quantities are being measured. Fundamentally, the tanks used for
storing the oil are carefully measured before they are put into service,
calibration tables are prepared from these measurements giving the
volume of capacity corresponding to various oil heights, and the oil
height in the container is measured by suitable instruments. The
temperature and specific gravity of the oil are determined, and the
measured volume is converted to volume at standard temperature,
or to weight by the use of suitable factors. This comparatively
simple system enables one to determine the stock in any tank, and
quantities received or delivered are measured as differences between
stocks before and after the operation.

Difficulties are sometimes encountered when small deliveries are
measured by gauging large tanks. Similarly, failure to allow for
tank-bottom irregularities, tank-bottom movement, or quantities of
oil in pipelines may lead to discrepancy, but the system works well
in the majority of cases.

TANK CALIBRATION.,
Vertical Cylinders.

Considering first the normal type of vertical cylindrical tank, it is
evident that if one has a tank 118ft. in diameter and 35ft. high,
application of the usual mensuration formula will show that it has a
total capacity of approximately 2,384,000 Imperial gallons, equivalent
to about 5676 Imperial gallons per inch. In practice, however, the
problem is not quite so simple. Owing to variations in the dimensions
of the different tiers of plates, the gallons per inch vary at different
heights in the tank, and various internal fittings may affect the gallons
per inch over the heights at which they occur. The precautions to
be taken and the difficulties involved increase according to the degree
of accuracy desired in the completed tank table.

Vertical cylindrical tanks are commonly calibrated by “strapping”,
which consists in measuring the external circumference by passing a
graduated tape around the tank. The process is usually repeated at
one or more positions on each tier of plates, so that due allowance
may be made between inner and outer tiers. When the circumference
of the tank exceeds the length of the calibrating tape, vertical lines
are scribed on the tier to be measured and the tier is “strapped” in
sections, the sum of the distances between scribed lines on any one
tier giving the total tier circumference. The vertical height of each
tier is measured, and other measurements are taken which enable
allowances to be made for plate thickness, vertical overlaps, butt
straps, and so on, and any other obstructions which may raise the
tape from the tank surface. Dimensions are taken of any fittings
(such as internal ladders, heating coils, and external manholes), which
reduce or increase the tank capacity, together with the vertical heights
at which they occur. From these measurements the gross gallons
per inch are calculated separately for each tier, and the tank table
is built up, usually inch by inch, allowances being made for “dead-
wood” and "additions” at the vertical heights over which they occur
in the tank. The finished table thus gives directly the net capacity
corresponding to each inch of height.

In an alternative system, commonly used in Britain, measurement
of external circumference is replaced by measurement of internal
diameters. For this purpose, a tape is stretched along a diameter
inside the tank, the tension is adjusted to 10lb. by a rather ingenious
automatic device, and the tape reading is noted. The tape is un-

*Reprinted from “The Journal of the Institute of Petroleum”,
Vol. 31, No. 259, July, 1945, by permission of the Council.
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supported throughout its length, and allowance for sag is made by
the use of catenary tables. A large number of diameters is taken
at different positions within each tier, and the gross gallons per inch
are calculated from the average tier diameters so obtained. Allow-
ance is made for “dead-wood”, and so on, but no allowance is necessary
for plate thickness, etc. The standard American method specifies that
tanks should be “strapped” full and the increase in capacity due to
elastic extension under oil head may be quite appreciable in vertical
tanks of large diameter. When necessary measurements by the
internal diameter method may be converted to the “full-tank basis” by
applying suitable corrections.

Horizontal Cylinders.

Horizontal cylindrical tanks are usually measured by taking a
large number of internal diameters and lengths. “Bumped” or hemi-
spherical ends may be dealt with by measuring a series of offsets
against a vertical rule or thread, the shape of the end then being
determined graphically. The calculation of tables for horizontal
cylindrical tanks is somewhat tedious, although much of the work
can be reduced by using extended tables and standard curves. The
work is further complicated if the tanks are slightly sloping, but
slopes up to about 6in. in 30ft. may be allowed for in the calculations;
tanks with a greater slope ars usually more conveniently calibrated
by water.

Calibration by Water.

The water-calibration method is also used for small tanks of
irregular shape. The tanks are first filled with water, which is then
drained off in a carefully calibrated standard measure, the change in
height being continually measured throughout the drawing-off pro-
cess. The method is tedious, great care must be exercised, and allow-
ance must be made when necessary for changes in the temperature
of the water during the operation. When calibrating larger con-
tainers by water, the measuring liquid is commonly passed into the
tank through a barrel filler or from a small and carefully calibrated
tank, in order to reduce the time.

Floating Roof, Spheroidal, and Spherical Tanks.

In recent years considerable attention has been devoted to the
reduction of evaporation losses from tanks containing volatile pro-
ducts. With this object, tanks of unconventional shape have been
developed, particularly in America, and various problems are in-
volved in their calibration and measurement.

The floating-roof type of tank, in which the vapour space above
the liquid is largely eliminated, comprises an open-top vertical cylin-
drical shell, the roof floating upon the surface of the oil with a seal
between the roof and the tank sides. A tank table is prepared in the
manner previously described for normal vertical tanks, allowance for
deadwood which moves with the roof being usually made in the
position it occupies when the roof is resting on its supports. When
using the tank table, allowance for the volume displaced by the roof
is made, when necessary, by other means described later.

Spheroidal tanks were developed to provide means for storing
votalile liquids under pressure in order to reduce evaporation losses,
the plain spheroidal type being used for small and medium tanks and
the noded shape for the larger sizes. The purpose of the noded form
is to avoid the excessive height and consequent high ground loading
which would be necessary if the plain shape were used for the
higher capacities. It should be noted that the oil level does not
extend above the highest point of the outside curve of the noded
variety. When it is considered that the internal gas pressure tends
to inflate the tank, whereas the weight of the liquid contents tends to
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flatten it, it will be evident that such tanks tend to deform slightly in
shape as a result of changes in the pressure and weight of contents.
Such tanks were usually calibrated by means of water, but the
second edition of A.P.I. Code No. 50 B, in addition to describing the
water displacement method, now gives details of a “strapping” method
to be used when conditions are favourable.

The spherical tanks used for storing liquids under high pressure
are usually constructed so rigidly, that little difficulty is experienced
with deformation in service. Methods for calibrating such containers
either by water displacement or by “strapping” are given in the A.P.I.
Code.

Ships’ Tanks.

The calibration by measurement of the cargo tanks of ocean
tankers presents various difficulties. The shape of the tanks varies
according to changes in the shape of the hull of the ship, and the
internal fittings are considerably more complex than those in a land
tank. The same degree of accuracy in oil measurement cannot be
obtained for various other reasons, and ships’ calibration tables are,
therefore, usually calculated from the builder's plans, average factors
based on previous experience being commonly used to allow for the
internal structure.

TANK CAUCINC.
Dipping.

In use, the dip tape with dip weight attached is lowered carefully
through the oil until the weight just touches the tank bottom. The
tape is held taut while the dip is being taken, but with viscous oils
a few seconds must be allowed until the oil has risen to the correct
level on the tape. The tape is then rapidly withdrawn and the length
of tape which has been wetted with oil is read off. In cases of
difficulty, an oil-soluble ullage paste may be smeared on the tape
when measuring volatile liquids, but chalk or other porous materials
should not be used as the liquid tends to creep.

The flat-bottomed type of weight is popular in Britain, but there
is a tendency at the present time towards the use of a semi-pointed
type of weight which is found to slip off rivets and other obstructions
more easily. A good practice, often followed, is to mark the approxi-
mate total depth near to the gauge hatch, and when more than one
gauge hatch is fitted to a tank to mark also some means of identifica-
tion on the tank top.

Cauge Classes.

Gauge glasses are frequently used in Continental countries for
measuring light-petroleum products. They are particularly convenient
for measuring volatile products in pressure storage. Unless the
density of the oil in the glass is the same as that of the oil in the
tank, the gauge reading will obviously not truly represent the oil
level inside the tank. . When used, therefore, it is important that the
glasses should be flushed a sufficient number of times to ensure that
the temperature, and consequently the density of the liquid in the
glass, is substantially the same as that in the tank.

In cases of difficulty, gauge fittings are sometimes provided with
pipes extending about 3ft. into the body of the oil, so that the oil
in the glass shall be drawn from the main bulk. Similarly, a series
of short glasses is to be preferred, in order to reduce errors due to
any differences in the oil density at varying heights below the oil
level.

Ullaging.

Ships’ oil cargo-tanks contain various obstructions which may
interfere with accurate dipping, and they are therefore usually
measured by “ullaging”, the ullage being the distance from a fixed
gauge hatch o1 the deck down to the oil surface. For example, if a
ship’s tank has a total height of 38ft. to the top of the gauge hatch,
an ullage of 3ft. would correspond to 35ft. depth of oil in the tank.

Small ullages of a few feet are sometimes measured by a wooden
ullage stick fitted with a cross-piece, graduations reading downwards
from a zero at the cross-piece, but for measuring larger ullages, or
for more accurate work, a steel tape and ullage rule are preferred.
Ships’ calibration tables are usually constructed so as to show volumes
present in the tank corresponding to ullages.

Although ullaging is convenient for measuring ships’ tanks,
conical-bottomed agitators, and so on, shore tanks should preferably
be dipped when practicable because there are certain slight errors
inherent in the ullaging method which make accurate measurement
difficult. For example, even when the ullage reference point is rigidly
mounted on the tank top, the total height of shore tanks may change
appreciably in hot climates, due to upward thermal expansion of the
tank shell. Furthermore, the actual length of the graduated tape
may be affected by the temperature in the tank vapour space. When
dipping, the tape is at the same temperature as the oil, and when
necessary due allowance can be made in the tank table.
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Water Measurement.

Water at the bottom of tanks containing oil is usually measured
by applying a special water-finding paste to a dip tape or to a special
water-finding rule. The instrument is lowered to the bottom of the
tank, and the depth of water is shown by a change in colour of the
water-finding paste. When a separate rule is used for water measure-
ment in conjunction with a dip weight, the base of the water—finding
rule should preferably have substantially the same shape as that of
the dip weight used for measuring the total height.

In cases of difficulty, with heavy oils, water-finding papers may
sometimes give better results. The action of the paper is slower
than that of the paste, and by suitably adjusting the time of immer-
sion, it is sometimes possible to distinguish between free water and
small quantities of water dispersed throughout the oil.

Temperature Measurement.

Accuracy in the measurement of temperature is at least as im-
portant as accuracy in dipping or in other parts of the measuring
operation, and considerable care may be necessary to determine a
reasonably accurate average temperature of oil contained in a large
storage tank.

For most purposes the usual type of dip-can provided with a
cork may be employed. The can is first flushed with oil so that its
temperature is approximately that of the oil in the tank, the cork
is inserted, and the can is lowered into the tank. When the desired
depth below the oil surface is reached, the cork is sharply jerked out
of the can, which then fills with oil from the level selected. The
sample so obtained is withdrawn from the tank, a thermometer quickly
inserted into the dip-can, the liquid stirred with the thermometer,
and the temperature is noted. The number of temperatures to be
taken depends on circumstances, but a common procedure is to draw
top, middle and bottom samples, averaging the three temperatures so
obtained. Sometimes the thermometer is lowered into the tank in the
dip-can and left in the oil until the other measurements have been
completed.

Sampling.

Samples for specific gravity determination are usually drawn with
a dip—can in the normal way, and may conveniently be combined with
the measurement of temperature.

In some circumstances, however, special methods may be re-
quired, the whole procedure for sampling petroleum products being
extensively described in the Institute of Petroleum’s “Standard
Methods for Testing Petroleum and its Products”.

Special Gauging Methods for Floating Roof and Pressure Tankage.

The development of floating-roof and pressure tankage has re-
sulted in certain complications in gauging procedure.

Floating-roof tanks are normally provided with gauge hatches
mounted on the roof, and the oil level in the hatch may be measured
by dipping or ullaging in the normal manner. When it would be
dangerous to descend on to the roof—as, for example, in hot climates
—gauging may be carried out from the top of the tank shell, the
hatch covers being operated by cords or similar means.

The roof may rise or fall slightly, due to changes in the volume
of vapour under the centre deck, but this will not affect the height
of the oil level above the tank bottom provided the roof is floating
freely. Under these conditions the roof displaces a volume of oil
corresponding to its weight, and this weight should be accurately
determined before the tank is put into service. The volume or
capacity shown by the tank table as corresponding to the oil height
in the gauge hatch usually includes the roof displacement, and, when
required, correction can be made by deducting the known weight of
the roof or the equivalent oil volume from the gross weight or volume
calculated from the tank table. When necessary, however, allowance
must be made for the estimated weight of any snow or other foreign
material which cannot be removed from the roof. If the measure-
ments before and after an oil movement are both taken when the roof
is fully floating, the roof displacement may usually be neglected.
Difficulties arise if the roof is partly floating and partly resting on its
supports, and this condition should therefore be avoided when accurate
measurement is desired. Tank tables for floating-roof tanks should
preferably show the roof weight, the oil depth at which oil first
reaches the lowest cart of the roof, and the oil depth when the roof
just floats clear of its supports, the latter for various oil densities.
Closed vapour-tight tanks are sometimes gauged by means of a dip-
pipe which is attached to the roof, and is free to move up and down
in accordance with roof flexure. Dips are taken through the dip-
pipe in the normal way, but since the oil in the dip-pipe is open to
the atmosphere, whilst the vapour space inside the tank is closed,
the oil depth in the gauging-pipe will be higher or lower than that
in the tank when the pressure in the vapour space is higher or lower
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than that of the atmosphere. A manometer, usually filled with kero-
sine, is therefore mounted on the roof and connected with the vapour
space. The measured dip is then corrected according to the mano-
meter reading. A difficulty with this system is the tendency of the
oil to surge in the dip—pipe.

Alternatively, vapour-tight tanks including spheroids may be
gauged by means of a vapour-tight dip-hatch assembly. This com-
prises a vapour-tight “look-box”, which is fastened to the top of the
dip-hatch. A gate-valve is installed between the “look-box” and the
tank, so that when the valve is shut, the apparatus may be opened
without loss of vapour, and the dip-weight or other instrument may be
attached to a gauge-tape mounted inside the apparatus. The *‘look-
box” is then closed, the gate-valve is opened, and gauging is per-
formed by operating the gauge-tape by means of an external handle.
The apparatus is somewhat inconvenient, and vapour-tight tanks are
frequently measured by means of gauge-glasses. For measuring
spherical tanks, only gauge-glasses are recommended, owing to the
high pressures frequently encountered.

METHODS OF CALCULATION.
Form of Calibration Table.

Tank tables may be compiled in various ways. In England the
the usual system is to give the total gallons corresponding to each
inch of oil height, separate interpolation being necessary for calculat-
ing decimals or fractions of an inch. The work can be considerably
reduced by providing a proportional parts table showing the average
gallonage corresponding to each fraction of an inch, which is then
used on any oil height in the tank. The loss in accuracy is usually
well within the experimental error, and considerable savings in time
should be effected. The American Petroleum Institute Code No. 25
specifies that tables should be prepared in eighths of an inch, and that
dips should also be taken in the same units. An extended table of
this kind, in eighths or tenths, avoids the necessity for any calcula-
tion, but will normally run into several pages. When a large nhumber
of tanks are constructed from the same drawings, a careful examina-
tion of the measurements obtained during calibration will sometimes
indicate that one table can be prepared covering all tanks in a batch
without departing from the desired degree of accuracy. If this is
permitted by official regulations, the reduction in complication and
the saving in time will be obvious.

British System.

In the British system, volumes in Imperial gallons obtained from
the calibration tables are usually multiplied by ten times the specific
gravity of the oil at the temperature of measurement, the pounds so
obtained then being converted into tons. When volume at 60° F. is
required, the pounds are divided by ten times the specific gravity at
60° F., thus giving the corresponding volume. The British system
is based on the principle that ten times the specific gravity
60° F./60° F. (in vacuo) gives pounds per gallon in air, and whilst
this is not strictly true, the error for normal petroleum products will
not exceed 4 tons in 10,000 tons. The calculated weights are slightly
low for high specific gravity oils and vice versa, and are very nearly
correct when the specific gravity is approximately 0-870.

American System.

In the American system the gallons or barrels at temperature of
measurement are usually converted to 60° F. by means of volume
conversion factors obtained from standard tables. Density is measured
in an arbitrary scale of A.P.l. degrees, and other tables give pounds
per American gallon or barrel corresponding to various A.P.l.
gravities. Volume at 60’ F. multiplied by the appropriate factor
gives true pounds in air, all necessary buoyancy corrections being
included in the standard factors. Care should be taken, however,
to use appropriate factors when measuring benzol mixtures, waxy
oils or other materials markedly different in specific gravity/thermal
expansion characteristics from those on which the standard tables are
based.

Metric System.

In the metric system the measured volume in litres or cubic
metres is usually multiplied by the density in grammes per millilitre
at temperature of measurement, and owing to the way in which the
litre is defined, this procedure gives kilograms or metric tons in
vacuo. When these kilograms are converted to English tons by
dividing by the usual conversion factor of 1-016 the result will be
English tons in vacuo, and not English tons in air, the difference
amounting to about 17 tons on a cargo of 10,000 tons of motor spirit.
For accurate conversion between metric and English tons, therefore,
a suitable table should be employed in order to allow for the necessary
buoyancy corrections.

In general, oil calculations and conversions between different

systems have been considerably facilitated by a book of standard
factors produced by the I.P. some years ago. A further book is
now in course of preparation, which will incorporate corrections for
the various slight inaccuracies just mentioned, and which should go
far to unify the various systems at present unfortunately in use.

SOME EXAMPLES OF CAUCINC PROBLEMS.

Despite accuracy in tank calibration, tank gauging, and office
calculations, discrepancies may still arise when measuring stocks, or
when oil is moved from one tank to another, and it is convenient to
have some system by which other possible causes of error may be
examined in turn.

“Layered” Tanks.

If the quantities being compared are available in units of both
weight and volume, an unusual difference between the two percentage
losses would indicate some discrepancy in specific gravity measure-
ment. Discrepancies of this kind often arise if the tank contents are
not homogeneous, and it has been suggested that hydrostatic gauges
might be used to eliminate errors from this source. The principle
of the gauge is to balance the oil column in the tank against a column
of mercury in the instrument, the corresponding weight being calcu-
lated from appropriate tank tables without reference to the specific
gravity of the oil.

| believe that a special gauge of this type has been successfully
employed by the Irag Petroleum Company for measurement in vertical
shore tanks. Nevertheless considerable care should be exercised in
the design and use of hydrostatic gauges for oil measurement, as
various complications may arise, particularly if used for tanks of
varying horizontal cross-section.

Bottom Irregularity.

The bottoms of tanks containing light oils, such as gasoline,
kerosine, etc., are frequently covered with water, and provided the
bottom is completely covered with water no allowance need be made
for bottom irregularities. Difficulties arise, however, when water
bottoms are not carried. In case of need, bottom allowances may be
estimated by emptying the tank completely and then running in water
or oil from a calibrated tank until the bottom is completely covered,
measuring the quantity so run in by dips taken in the calibrated tank.
Even when bottom allowances are available, however, more accurate
results will usually be obtained by conducting the operations so that
the tank bottom is always completely covered with oil before and
after a movement.

Bottom Movement.

When the bottom plates move under varying heads of oil, or
with changes in the condition of the sub-soil, the position becomes
a little more complicated. When bottom movement is suspected, it
will usually be found better to take dips whenever practicable, and
errors may be reduced by increasing the number of dip hatches and
averaging the resulting dips. In cases of difficulty, tanks have been
provided with as many as nine dip-holes, largely with the object of
reducing errors due to bottom movement.

Installation Pipelines.

Quantities of oil contained in pipelines are a common source of
discrepancies in measurement. Difficulties may be reduced if it is
possible to provide a regular and satisfactory slope when the lines
are first installed. Similarly, air-vents and drain-cocks installed at
high and low points assist in verifying whether the line is full or
empty. When dealing with tankers, pipelines are sometimes filled
before measurement, by pumping down to the loading berth via one
pipeline and returning the oil to the tank via another line, so as to
displace all air and water before gauging. Similarly, after discharge
the pipeline would normally be left only partly full of oil, and common
practice is to arrange for the ship to pump water through the line
in order to displace the oil into the shore tank.

These precautions cannot be taken with heated heavy oils, and
compressed air is usually employed for line clearance, common prac-
tice being to employ some standard time and procedure in order that
the quantity of oil left in a given pipeline may be as near as practic-
able the same before and after an operation.

Long Distance Pipelines.

Long pipelines passing over open country give rise to new pro-
blems which have not yet been completely solved. @~ When the rate
of pumping is high enough to give adequate turbulence, different
grades may be separated by a plug of water. Similarly, a small
quantity of dye may be put into the pipeline at the pumping end,
flow being diverted from one tank to another when the dyed material
arrives at the receiving end. Difficulties with long pipelines may be
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reduced by the use of suitably installed positive displacement meters.

When displacement meters are used for ordinary work in con-
ditions where air may be entrained with the product being measured,
an air-eliminating device should be installed on the inlet side, as,
otherwise, air passing through the meter would be registered as oil.

The Future of the

For accurate work a recording thermometer is also installed in the
line close to the meter, so that the measured volume may be cor-
rected to standard temperature. Sometimes automatic sampling de-
vices are used to obtain an average sample, and thus the mean density
of the liquid passed through the meter.

Sea-Going Engineer.

By JAMES CALDERWOOD, M.S.c, M.I.Mar.E.

Recently many remarks have been made at technical meetings,
and notably in the discussion “Engining of Post-War Cargo
Vessels” (Institute of Marine Engineers “Transactions”, July and
August, 1944), on the need for attracting to sea—going service more
engineers of the highest class. The development in tne use of more
advanced and economical types of marine machinery is largely depen-
dent on not only maintaining but increasing the number of first-class
men who go to sea as a career, not merely to have a few months
of experience at sea before settling down to a job ashore.

Complex Installations.

As prime movers have developed over the last 30 years, not only
the engine itself but the installation as a whole has become more and
more complex, calling for more technical knowledge and a wider
experience on the part of the engineer. At the same time the tendency
has been towards higher powered machinery, so adding to the pro-
blems and responsibility of the engine-room staff. Electricity has
been used in the engine-room and on deck to an ever-increasing extent,
so that in addition to his more complex main machinery the sea-
going engineer may have to look after an electrical installation as
complex as that in the power station of many a small town.

The majority of our sea-going engineers have been brought up
entirely on the triple-expansion engine, Scotch boilers and a simple
installation. Whatever their abilities, many such men have never had
the opportunity to gain the experience or the technical training needed
for the proper supervision of a modem steam or internal combustion
engine and a complex auxiliary plant.

Lack of Trained Men.

There is little doubt that many superintendent engineers have
advised their owners against the installation of modem machinery,
not, as so many people think, due to unreasonable conservatism, but
because of their certain knowledge that they could not get men with

the training and experience required to ensure efficient and
reliable operation of modern machinery. In general these
remarks apply mainly to the general cargo types of ship.
The larger liner companies have been able to attract the
men with wider training and experience and have, there-

fore, adopted improved machinery types to a much greater extent.
Even those companies who are able to offer the best conditions and
pay find that a large number of promising and ambitious engineers
leave the sea after a short time, realising that they can obtain at
least an equal income on shore with shorter working hours, free
week-ends, and infinitely greater opportunities for sport, entertainment
and, if they are ambitious, study and experience.

Changed Conditions.

Before 1914 the difference in conditions between shore and sea-
going life was not so great as it is to-day. Working hours on shore
were then long, and time and opportunity for entertainment or study
comparatively sparse. In those days the young engineer could gener-
ally obtain at sea a better income than he could ashore, and travel
abroad compensated him for the loss of the comparatively meagre
opportunities for entertainment that he might have had at home. At
that time also ships stayed longer in port, and many sea-going men
could look forward to some reasonable period of home life after each
voyage. In thirty years, however, conditions ashore in every industry
have improved beyond measure, while conditions at sea have shown
very little advance.

It is true that pay at sea has increased, but not in proportion to
the increases ashore; accommodation is also better, but still very
meagre. On the other hand, working hours at sea are no shorter and
turn round in port is generally quicker and in the few days in port
complex machinery must be overhauled, so that the sea-going man’s
opportunity of home life is in many cases almost non-existent. On
shore not only have working hours been reduced and pay increased,
but as engineering has become more complex the number of execu-

*Reprinted from “Lloyd's List and Shipping Gazette”, 29th December,
1944,
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tive and technical jobs has increased enormously, and these, in general,
offer a young engineer better pay than he can hope to get at sea at
the same age; there is also on shore a much better chance of advance-
ment.

Working Hours Ashore and Afloat.

Before considering possible remedies, let us compare the existing
conditions in more detail. Working hours on shore to-day are 40 to
47 per week, and all workmen, and many of the lower-paid staff, get
overtime for any hours in excess of the standard week. With seven
or 14 days’ holiday this makes a total of 2,000 to 2,400 working hours
per annum.

The sea-going engineer has a nominal 56 hours a week at sea
(about 64 hours would be a truer figure of actual work) for 32 to 42
weeks; during his short stays in port he is kept busy for at least
40 and generally much longer hours per week on overhaul and main-
tence of his machinery; if he is lucky he gets seven to 14 days’ holiday
a year; his total working year is 2,800 to 3,000 hours, about 40 per
cent, higher than the shore man who gets equal or better pay.

The shore man is free to use as best pleases him every evening,
every Saturday afternoon (in some cases all day Saturday), Sunday,
at least six days of public holidays, and one, two or even more week’s
holiday each year. The seagoing man is very lucky if he gets as much
as 18 week-ends free, half of them in foreign ports, and seven to 14
days’ holiday. For the rest of the time, though he is on watch only
eight hours a day, he lives with his job 24 hours a day. On shore
a man has to-day wide opportunities of recreation—theatres, films,
concerts, cricket, football, golf, motoring and all other sports and
pastimes—or a quiet evening at home, to suit his taste. At sea he
can enjoy these only during odd days on shore, and never has time
to get into the swing and get to know people with similar tastes.

In living conditions the contrast is perhaps greater still. The
man who goes to sea has to give up all the comforts of home life in
exchange for a cabin, which as a junior he may have to share with
another man, who may or may not fit in with him. His cabin is
usually smaller than any bedroom ashore and is the only space he can
call his own. In many ships the only common room for the engineers
is an uncomfortable, and often dirty and untidy, messroom. Food is
basically good but is often badly cooked and served by cooks and
stewards who have had no training in, and little aptitude for, the
business of catering, and are further handicapped by a badly equipped
and badly situated galley.

Prospects of Advancement.

Finally, opportunities for advancement are much more restricted
for the seagoing man than for those who stav on shore. Sooner or
later the engineer at sea will, if he gets his tickets and is a reliable
man, become a “Chief” at a rate of pay lamentably low in relation
to the remuneration for a job of similar responsibility ashore. While
at sea an engineer has little opportunity of keeping contact with open-
ings that may arise on shore, so that if he is dissatisfied with his pro-
gress or prospects he must give up his job and risk a period of un-
employment ashore while he looks for something more suitable. True,
he may be fortunate enough after years at sea to be brought ashore
by his company as superintendent engineer, but even this job is not
usually as well paid as a job of similar responsibility in industry.
For an engineer to rise to one of the higher executive posts in a
British shipowning company is almost unknown, though it is not un-
common in some of their most successful Continental competitors.

It may be thought that this is a gloomy picture of conditions at
sea for the engineer, and incidentally for the deck officer, but it is
essential to face the facts if conditions are to be improved and the
right type of man is again to be attracted to sea-going service in the
future as he_was at one time in the past. It is true that some of
our better shipowners have done much to improve conditions on every
score, but the conditions described above must apply to quite 70 per
cent, of our seagoing personnel. The result is that most of the best
men gravitate to those companies that offer better conditions, and the
other less progressive owners are tied to simple machinery because
they cannot get as engineers men capable of looking after more
economical but more complex installations.



The Future of the Sea-Going Engineer.

Reorganisation from the Top.

What are the remedies for this unfortunate state of affairs?
The best remedy would be a reorganisation from the top. If we look
round industry in general we find that the most consistently prosperous
companies are those directed by men who have been brought up in the
practical side of their business and subsequently become executives.
Such men can take a long-sighted view of development and can under-
stand the problems of their work-people and staff. How many
British shipowners have on their board or in a senior executive posi-
tion even one man who has served at sea on deck or in the engine-
room? Practically all the senior positions in shipping businesses are
filled by men who have worked their lives at an office desk and whose
vision is bounded by columns of figures that are balanced up once a
year, when any surplus is profit. They cannot see that 6d. in the £
spent on improving the conditions of service or on investigating im-
provements in ship or engine design might a few years later bring
in a profit of Is. in the £ due to improved efficiency of their ships or
of their crews.

If the boards of management of shipping companies were such
that a preponderance of control was in the hands of men (preferably
young men) who had spent a considerable time at sea, some on deck
and some in the engine-room, conditions of service at sea would soon
be improved so as to make them more attractive to the best type of
man. With a better supply of manpower, more efficient running of
the ships would be ensured and improved types with more economic
machinery would be more generally adopted. Such a solution of
the question is, however, not likely to come about quickly, and in the
meantime the problem is pressing, so that it is necessary to suggest
the practical steps that must be taken to improve conditions if our
mercantile marine is to continue to function economically in world
competition.

Requirements.

There will always be plenty of British men attracted to sea ser-
vice if the conditions of such service are reasonably comparable with
conditions of work ashore. So far as engineers are concerned these
requirements may be divided under five main headings : Status, Pay,
Conditions, Opportunity, Training.

Status is difficult to define and more difficult to procure, but so
long as the engineer is considered, as he is in so many companies, as a
necessary evil, somewhat better in position than a manual worker but
much inferior to an executive officer, true professional status cannot
be ensured for the sea-going engineer. If the best men are to be
attracted to the sea an engineer or an executive officer on board ship
must carry professional status as does a doctor, a barrister, or any
other profession that requires a long period of training and experi-
ence. All engineers, whether sea-going or on shore, should resist
anything in the nature of dilution that has been or may in future be
proposed. A stiffening up of the requirements for the chief’s ticket
is more likely to attract the right type of man than is any easing of
the regulations either in respect of practical or theoretical training.

Pay—The fact that the rates of pay at sea are low in relation to
the responsibilities and the hours of work has already been stressed.
Figures could be drawn up to show that in many existing classes of
ship higher rates of pay would be uneconomical. That may be true,
but we must look to the future. In a medium speed cargo ship of
about 5,000 i.h.p. a change from saturated steam and triples without
interstage reheating to a modern high-pressure steam plant, either
turbine or triple with Lp. turbine, should show a saving of at least
£30 per day in fuel, and in addition would have greater earning
capacity due to the smaller weight of bunkers and of machinery. A
part of this economy could be used to bring the engineers’ pay up to
a level that would prove attractive to many men who would not con-
sider sea service at the rates of pay that are in force to-day.

This example relates to ships in a service where coal or boiler
fuel oil is relatively cheap and steam the most economical method of
propulsion, but examples could equally be cited to show that in-
creased pay could eventually lead to economy in ships fitted with
internal combustion engines. If we look further ahead, many new
developments in prime movers are approaching the stage of commer-
cial application, and only if suitable men are available to run them
can they be used for the more economic propulsion of ships.

The basic agreed rates (Maritime Board) of sea-going engineers
are dependent to-day on the size and type of ship in which they serve.
These rates bear little relation to the type or size of machinery fitted
in the ship, which surely would be a more logical basis, and some
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revision of the scales on this latter basis is long overdue. Similarly
the qualifications called for by the Ministry of War Transport are
the same for the chief engineer of the “Queen Elizabeth” as for the
chief on the smallest and simplest installation in an ocean-going vessel.
Some further grading than the 1st and 2nd tickets might be advan-
tageous, but if anything of the kind is done it should be based on the
man’s experience rather than on any further examinations.

Conditions—Probably the most essential improvement in sea-
going conditions that is required is that some means should be devised
to allow men to spend a greater amount of time at home. Some
owners, but very few, keep a shore staff of sea-going engineers who
take relief duties on board ships in port, so leaving the sea-going men
free for home leave as soon as possible after their ship gets into
port. This scheme gives a double service to the sea-going man : first,
as mentioned above, he can be given home leave for most of the time
his ship is in the home port; secondly, he will periodically take his
turn on the shore relief staff, when he can count on some months at
home working normal hours and having his evenings free at home.
Whether this or some other scheme be adopted is immaterial: what
is important is that some means is devised to give him compensating
free time for all the week-ends and holidays that he misses when at
sea.

As regards the actual conditions at sea, there is little doubt that a
great many of the people concerned realise the need for improvement.
As evidence of the call for better accommodation a most interesting
paper read by Mr. Church before the Institute of Marine Engineers
some months ago may be cited. This seemed to tackle the question of
crew accommodation in a rational manner to ensure the maximum
reasonable standard of comfort and convenience, both in respect of
the actual cabins and of catering. Suggestions have also been made
for the greater employment of women as cooks or stewardesses, and
there is little doubt that this would improve the general standard of
catering.

What is needed is well-arranged accommodation which would
enable catering to be efficiently carried out, with individual rooms of
adequate size, and some comfortable common room for each of the
various grades of personnel on board.

Opportunity—There is little doubt that the question of oppor-
tunities for advancement is one of the serious factors which deters
many men from going to sea, and even more from remaining at sea
once they have started. This can only be met, as has already been
mentioned, by general reorientation of the shipping companies’ ideas
as to senior staff. If a much larger proportion of senior staff is pro-
moted from sea-going men, both deck and engine-room, so that a
sea—-going man can appreciate that he has opportunities of advance-
ment, the best men are much more likely to go to sea and to stay at
sea until such time as the opportunity for promotion arises.

Training—The question of the best type of training for sea-
going engineers would in itself be subject matter for a long article. In
general, however, the same method of entry as in the past must form
the basis of training for the majority of sea-going engineers, that is
they must first serve an apprenticeship with an engine-building firm.

Any attempts to introduce easy methods of entry or to allow for
promotion to the position of engineer officers of men without suitable
basic training should be resisted. While there are undoubtedly men
who may become very efficient engineers without having originally
had proper engineering training, such are exceptions, and while it Is
only fair that some provision should be made to cover such excep-
tional cases, they should remain exceptions and not be accepted as
general rule.

There is perhaps a need for something more definite to be laid
down as to the requirements of training experience and education than
is at present called for in the Ministry of War Transport rules for
candidates for certificates. Further, there is almost certainly scope
for special training centres primarily engaged on training men as
engineers for the Merchant Service. This problem was dealt with at
some length in a report which was issued some time ago by the
Institute of Marine Engineers.

In general, however, the main point that must be aimed at is that
training, particularly for men going into ships fitted with the more
modern and complex type of machinery, should be of an increasingly
high standard if the right men are to be attracted. Any easing of
the rules, although it may increase the supply of engineers, is bound
to reduce the quality and will, in fact, deter from entering the Service
just the men who are most needed for it.



