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WATER BALLASTING
OF
FURNACE FUEL OIL TANKS

This article was compiled by Licutenant-Commander A, Richins, RN, and
My 1. F. Jagquest and describes the seork carvied our on this particular subject hy
their Section ar the Admiraliy, Bath.

In the post-war ycars it became increasingly evident that the arnmument
weight/displacement ratio ol H.M. ships was falling below aceeptable Timits,
Furthermore, Stalt Requirements for New Construction called for greater
endurance than in pre-war design so that fuel became a greater proportion of the
total weight., Radar equipment. which was of necessity placed high in the ship.
was increasing and the advent of machinery ol advanced design was also reduc-
ing the spectlic weight of main machinery, 1t was therefore essential that
provision be made to avoid instability in the light condition, and the logical way
to achicve this was by ballasting the fuel tanks as they were emptied, thereby
maintaining stability as near constant as possible.

The need for ballasting ot H.M., ships was established and Admiralty mitiated
actiontofit trials systems 1n two Type 15 A5 frigates.  These ships were chosen
simply because they were the only ones at that time in which space could be made
available to install the necessary equipment. Eventually, due to uncontrollable
factors, only once ship. H.M.S. Ulster, could be utilized.

At this stage the only available information consisted of disconcerting stories
about somcone (the name could never be remembered) who had had ghastly
experiences with tanks futl of unpumpable emulsions.

To add to our difticultics, the Ol in Navigable Waters Act was beginning to
l[oom large on the horizon. Under the terms of this Act it would be prohibited
for a ship to discharge overboard a muxture of oil and water which contained
more than 100 parts per million of oi, i.e.. less than a double tot of oil per ton of
water. On the other hand, deballasting had to be of such a rate that modern
fuelling requirements could be met.

The first concrete conclusion cmerging from these conditions was that
ballasting to mecet all requirements could only be by replacement (1.c.. tanks
must be emptied of oil and then fitled with water, and viee versa)y and that
displacement systems could be disregarded.

By this timc a Working Party comprising members from E.-in-C.o D.N.C.and
the Yarrow-Admiralty Rescareh Department (Y-A.R. 1D} had been set up, and a
contract had been placed with Y-AR.D. to investigate the problems associated
with ballusting.  The need to obtain carly information was pressing since the
designs for the G.P. frigate and the G M. destroyer both provided for ballasting.

TRIALS
All available sources of information were tapped. and many trials carried
out with widely varyving degrees of success,
1.M.S. * Redpole °
Arrancements alrcady existed in Redpole 1o ballast and de-ballast certain
[E.O0 tanks through the 1F.F.O. suction main and, after a fow modifications (o
the system, a series of trials was proposed. Tt soon became obvious that this
simple arrangement had numerous drawhbacks. 1"ar too much oil was teft in the
tank when the pump lost suction, and this spread itself throughout the ballast
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water giving a contamination during subsequent de-ballasting of over 400 parts
per million. The amount ol water remaining in the tank after de-ballasting also
caused some embarrassment and on one occasion fed to a black-out.

Wooden filling was fitted in the base ol one tank to reduce the amount of oil
left when suction was lost, the suction being taken from a sump formed in the
{illing. Since maximum clecarance of oil before admitting ballast was considered
so important, Y-A.R.D., in conjunction with Messrs. Andre Rubber Co. Tid.,
were developing a flexible rubber suction entry. This consisted of a rubber bell-
mouth attached to the suction pipe. which could sit on the tank botiom and thus
ensure a very low suction. Two of these were available by this time and they
were fitted to the suctions i the ballast tanks.

The results were quite astonishing,  The depth of oil left in the tank when
suction was lost was approximately half an inch and on subsequent discharge of
ballast from the tanks the contamination was never above cight parts per million
until the interface was approached. 80 per cent of the ballast water was dis-
charged before the contamination limit 'of” 100 parts per million was reached.
The wood filling fitted in one tank appeared to produce no advantage over the
other tank not so fitted.

The flexible suction entrics were lelt in the tanks to determine the fong term
cilect of oil on the perbunan rubber. One was later removed for use in Cuinber-
fand, and after some two years service it has shown no signs of deterioration.
H.MLS. ¢ Ulster ’

By the time Redpole’s trials came to an end Ulsrer was just completing con-
version and had fitted a trials system, the main feature of which was independent
oil and water systems to minimize contact between the two liquids.  This is
shown in Fii. | where the separate ballast/de-ballast line, F.F.O. suction line
and the stripping system can be seen.

It was cxpected to be able to discharge overboard at feast 85 per cent of the
ballast water and arrangements were made to deal with the oily water that
remained.  These consisted of a fuel renovating tank fitted with heating coils
and a spray rail for the introduction of additives, and a 2 ton/hr centrifugal
scparator with two discharge test tanks for clean water and reclaimed oil.

Much design and test work had by now been carried out on the flexible suc-
tion entries and 2% 1n. bore entries were available for Ulsier™s stripping system.
One of these s shown in FiG. 2.

At this stage a flexible entry had not been developed to suit the 5 in. de-ballast
suction, and a metal bellmouth was formed at the end of the pipe. Compared
with the 5 in. flexible suction entry later developed this bellmouth was of smaller
diameter and. due 1o its rigidity. had to terminate higher in the tank.

The point at which de-ballasting must cease is dependent on three factors :
the amount of oil on the surface of the water. the height of the suction mn the
tank. and the vefocity at the suction entry. The Tatter two aspeels are allected
by the form of the suction entry employed.  The flexibility of the above men-
noned suction entry permits it 1o sit on the tank bottom, thus giving the lowest
possible suction. and the large diameter of the entry reduces the velooity of flow
at any powmt and, consequently, delays the Tormation of vortices which tend to
draw surface oil down into the suction, This point was carried a stage Turther
i Cumberlaind. and will be discussed later,

Having dealt with the problem of vortex formation. the question of weiring
was then considered. This had (o be kept to an absolute minimum as it tended to
carry surface oil down into the body of the ballast water and produced carly
contamination in the suction entry. In Ulster imber and drainage arrangements.
low down in the tanks. were enlarged where possible so that differences in liquid
level on cither side of internal obstructions during de-ballasting were reduced.
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Pockets formed by hull and longi-
tudinals where oil could lodge were
filled with cement. and wooden fithing
was litted in one of each pair of ballast
tanks to try to reduce the amount of
oil/water [eft alter stripping.

There being no satisfactory mechan-
ical or electrical way of detecting smalf
amounts of oil in the ballast discharge,
visual indication was relied on, and a
small full bore sight glass was [itted 1n
the baltast pump suction.

The procedure was that oil would be
used first from the ballast tanks. the
oil remaining after losing suction to be
stripped from the tank via the strip-
ping main, and transferred to other
storage tanks, The tanks were then to
be ballasted. During de-ballasting a
careful watch was to be maintained on
the sight glass, and at the first trace of
oil de-ballasting would cease. The oily
waler left in the tank would then be
transferred, via the stripping pump to
the renovating tank for further separa-
tion.

I-1¢. 2-—FLEXIBLE SUCTION

Certain aspects of the system, principally pump and valve design, and de-
ballast suctions, were rather unsuitable but Ufs7er has now used the system
since mid-1957 with very satisfactory results.  De-ballasting has been possible
down to about 12 inches (1-5 tons) without producing overboard contamination,
and the sight glass proved very effective for detecting the first flecks of oil,

Tests on the centrifugal separator showed that it would fulfil its rated output,
but it was necessary to strip and clean the bowl assembly every watch.

The measure of success achieved with Ulsrer’s arrangement can be judged by
the fact that after a full ballasting cycle on all four tanks the strippings were
found to have almost completely separated after 24 hours in the renovating
tank without the use of heat or additives. Using the kigh and low suctions. the
majority of the oil and water could be removed @ the oil being fit to burn (less
than 2 per cent water), and the water clean enough for overboard discharge.
After live complete ballasting cycles Ulster Tad collected only cight tons of
residue that required chemical separation.

These results indicated that the centrifugal separator was redundant, especially
in view ol the man-hours required to keep it running satisfactorily.

H.ALS. ‘Cumberland’

Using the Ulsier systemt as a basis, and incorporating later developments by
Y-A.R.D. acomprehensive batlasting trials system was fitted in Cumberfland to
gain cxperience with both double-bottom and deep tanks.

Two different types of stripping pump, two static oily water separators and
filters were fitted with an arrangement to enable scveral combinations of com-
ponents to be tested.

An eductor was ltted in place ol a ballast pump in view of its smaller weight
and bulk. and the known availability of a large supply of firemain water in
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New Construction ships to fulfil pre-
e wetting requirements. A length of
plastic pipe was fitted in the eductor
suctton for obscrving contamination
during de-ballasting.

Trials on a suction breaker (scc
{F1G. 3ywerce 1o be included., and both
surface and residue “steipping’ tech-
niques were Lo be cevaluated, to-
gether with the comparative etficiency
ol the flexibic belimouth type of
suction cntry and o duct with a
{lexible rubber curtain which had
been developed especially for use in
D.B. tanks {sce Figs, 4 and 5).)
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Fici. 3—Frexisry Runnrr Curiain oN Tresr Ric

First Trialy Season
{a) No. 27 D.B. Tank

Since the veloeity of flow at the suction determines fargely when vortices will
form. and as rapid de-batlasting is essential, the idea of a suction along the
whole tank length. giving uniform flow i all h‘ws and a relatively low \LIOCIIV
was conceived. In Ne. 27 tank there are three ]Oﬂgll.,ld ‘nat bays formed by the
box vertical keel and, to induce uniform low throughout. suction and flooding
ducts were, therclfore, fitted on erther side of the vertical keel, their suctions
combining outside the tank. Ballast water is introduaced through the duct thus

clearing Lol residual oil, a 1) in. bore vent ppe being fitted at the crown of cach
end of the duet to prevent a pocket of oif being left in the top of the duct when the
tank is ballasted.

Eavlier triads in Birsmingliant using the ship’s existing ballasting arrangements
had shown that contamination was heavy when attempting to de-ballast a
doubie-bottom F.F.O. tank. duc to the tank shape and s internal structure
Particular interest was, thercfore. centred on the DUBL tank trials in Cuniber-
fand. Emergency design fuel (650 see Redwood Noo 1) wis used for these trials
and it was proved that with adeguate limbering, flexible suction entries on the
stripping system. and the use of a plastic filler (o minimize poackets, eflicient
stripping was possible. This, together with the low velocity achieved at the
suction entry during de- hdlldslmg @ive contanmimation-frec dlsclmrgL of ballast
waler down o about OO0 sallons (approximately 6-5 per cent ol the tank
contents). while permiting a “dischar oo rate of up to 100 tons per hour., The
remaining oily water was transfecred to the renovating tank and, in all trials.
complete natural separation resulted within 24 hours. The arrangements
for 1D.B. tanks were, therctore, considered satisfactory.

(hy No. 36 Tank

In this deep tank. trals involvingresidue stripping and flexible suction entries

tor de-ballasting were carried out. The residue stripping was again very cifi-
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ctent and subsequent de-ballasting
down to approximately 2.5 per cent
of tank contents proved possible
using the 6 in. lexible suction entry.

{¢y No. 30 Tank

This was selected for the renovat-
ing tank, since 1t most  nearly
approached the optimum shape. i.c.,
narrow and tafl. promoting natural
scparation of oil and water and
making scparated oil casier to re-
move. 1t was cquipped with heating
coils giving 3 sq ft/ton heating sur-
face, a suction at the base of the
tank for clearing reclimed water,
and the other at two-thirds of the
icight of the tank for removing clean
otl. A spray rail. fitted in the crown
of the tank, was connccted to the dis-
charge side of the stripping pump so
that additive could be distributed
over the surface of the nuxture in a
Fi. 6- MECcHaN'S FLoatinG STRUM untform finc spray.

P rokg

A ncw additive. now kinown as Fomescol, was to be tested ; prelimimary
trials i Birmingham having indicated that ns performance in this application
was superior to that of Teepol. As previousty stated. in all the ballasting trfals
in Ulster and Cumberfand the strippings had separated out without using heat or
additives.  This was most encouraging, but since both ships were working in
warm climates it could not be considered conclusive.  Cumberland. therefore.
set about making her own emulsions so that separating technigues coufd be
evaluated.

An emulsion was made by circulating oil and water from the renovating tank
through the stripping pump and back (o the tank via the spray rail. Having
produced the emulsion it was heated for 24 hours but very little water separated
out. A solution ol Fomescol was prepared and 0-05 per cent ot the tank content
by volume was added via the spray rail. Within another 24 hours most of the
emulsion was broken and alter a further 48 houars the oit and water layers were
sufliciently pure to be passed o a storage tank and overboard respectively.
There was a thin layer ol emulsified otl Teft between the clean oil and the water
but there was insufitcient time for further investigation. A sample of the orig-
mal emulsion was retained and after three days approxdamately 3 per cent of the
witter had separated out. but no change was detected during a further two months
standing. which gives an indication ol the stability of the 2mulsion obtained.

Second Trials Seavon

During Cumberfand s scecond scason a suction and flooding duct was fitted in
the deep tank to compare its performance with twoe llexible beltmouth tvpe
suction entrics. The prototype of the stripping pumyp ordered tor the G.P. frigate
was installed for testing, and a serics of renovating trials was carried out.

RED HERRINGS

Naturatly. during the course of this investigation several ideas were tested
and rejected, and briefl reference 1s made to them below,
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The Suction Breaker

This was a device designed to provide a positive cut off in de-ballasting when
the known contamination level was reached in the tank. Later trials included a
modificd type designed to stow down the de-ballasting rate as the level approach-
ed the danger zone and eventually to cut off the suction completety before the
ingress of oil in the suction occurred. The suction breaker (Fi. 3) consisted of
an open ended pipe [et into the de-ballast suction, the trials suctton breakers in
Cumberland being adjustable.  As the level in the tank approached the level of
the fower end of the pipe during de-ballasting, air would be drawn into the
ballast suction pipe through the suction breaker, thus destroying the eductor
vacuum. In the DB, tank, trials of both types of suction breaker were unsatis-
factory. The plain type was partially successful in the deep tank, but in a sca-
way there was a tendency to ‘gulp” after initial breaking of suction vacuum.

Admiralty and ship’s officers (Cwmberland and Ulster) preferred to rely on
visual indication of the point at which de-ballasting should cease, since the level
at which oil commences to be drawn in varies with conditions while in ballast,
and the grade of F.F.O. carried. This method, which ensures that the minimum
of strippings is lelt on all occasions, has now been adopted. An additional
warning in the shape of a float operated light has been proposed to give notice
that the level is being approached at which oil can be expected to appear.

The suction breaker may well have a useful application in large commercial
ships, where ship movement is less lively.

Qily Water Separators

Centrifugal separators were tried out in H.M.S. Ulsrer and, as previously
mentioned, were rejected due firstly to the good results obtained without them,
and secondly to the heavy maintenance load involved in keeping them running,

Static oily water separators were fitted in Cumberfand for trials but the good
results obtained using the renovating tank proved them to be an unnccessary
complication. In addition the Department ol Scientific and Tadustrial Research
carricd out trials on a wide range of static separators and. with one excep-
tion. they all produced an unacceptably contaminated discharge when presented
with an appreciable concentration of oil. The one exception was not given a
realistic trial as it was presented with large globules of oil which are much easier
to separate than the particles found in practice.

These two considerations together with the additional weight and space
involved in fitting cither type fed to the rejection of separators.

Surface Stripping

Considerable work was carvicd out on mvestigating the feasibility of stripping
the oil laver from the surface of the liquid i a ballasted tank.

After trials of o modified scum pan ina T.C.V, had shown o certain amount
of promise. a surfuce stripping deviee designed (o work with an oily waler
separator was developed by Mechans and fitted i T.CV. Caldv. This is shown
in Fra. 6o

Difliculty was expericnzed in operating the floating strum since it tended to
hunt synchronously with its associated reciprocating pump.  Chatham Dock-
vard modified the design to prevent this, but it was then found that the stram
gradually scttled lower in the tank until suction was being taken from below the
scunmt. Cwas apparent that further design effort was required on this device. and
that the piston arrangement made it susceptible to sticking il the ship was rolling,
Since the devetopment of another device which had no moving parts and was
comparatively simple was well advanced, it was decided not to continue work on
the Mechan's strum,
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The other device referred to was
an clastomeric stripping funnel and
supporting  spider  devcloped by
Y-A.R.D. and Messrs.  Andre
Rubber Co. for trials in Cumberland.
This 1s shown in Fig. 7, and FiG. 8
shows the funnel undergoing a test.
A spray rail was fitted around the
tank to assist the flow of surface
scum to the funncl. and to maintain
the liquid level at the necessary
height, The arrangement 1s shown in
Fia. 9,

The trials  indicated  that  this
method of stripping was not wholly
suttable for H.M. ships. The volume
of strippings from one incomplete
trial (complete clearance of surface
oil being impossible) was excessive.
G, 7—STipermG FUNNEL and showed that, becausc ol their bulk,

T, 8 Strieersag Fussrn Lsprraomsa Tes
strippings would have to be dealtwith divectly by aw otly water separator.

The D.SLR. trials on separators. and our own in Cumbertand. showed the
unsuitability of oily water separators for this type of mixture.  These facts,
together with the extremely good results obtained by residue stripping led to the
abandonment of surlace stripping trials.

RESULTS AND CONCLUSIONS

Ceriain faults were found with the renovating system in Cinberfand. but we
are confident that subsequent modifications will climinate them. Additive
introduction has been reviewed and a new system drawn up. Uniform renovat-
tne lank heating proved difticult, but recent proposals using a combination of
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FiG. 9 —STRIPPING FUNNEL ARRANGEMENT
conical and helical coils will, it is hoped. finally provide the answer.

Two renovating tanks arc recommended, so that one can be used for separating
while the other is receiving strippings. These tanks can be used for fuel storage
in wartime. when all *strippings® may be discharged overboard.

Cumberland’s 1958 trials showed the de-ballast duct to be slightly superior to
the twin bellmouth suction entries and ID.N.C. has accepted the use of the duct
in certain deep tanks, although it does somewhat restrict tank inspection.

*Mashing ” by pumps and ‘vatvery " is an important feature, even with
chemical separation. since 1t alfects the time a maxture takes to separate in i
renovating tank.  The Department of Scientific and Industrial Research has
produced an evaluation of the * mashing ™ propertics of a wide range of pumps,
and their conclusions should prove valuable when sclecting pumps for installa-
tion. Valves will generally be of the lubricated plug type, to reduce turbulence
and resistance.

All the trials have now been analysed, and a Manual of Fuel Tank Ballasting
will shortly be published. This contains complete instructions on the installation
of ballasting systems. together with the theory behind the various component
parts. Many factors not mentioned in this article are included, such as shape
and disposition of baflles for flexible suction entries. designed to defer vortex
formation.

A Tull range of flexible suction entrics has been developed by Andre Rubber
Co. to meet all requirements, and details of these are also given in the manual.

In general it can be stated that all known problems on ballasting of fucl tanks
have been tackled and. subject to the systems being correctly operated, no major
difficulties should be encountered.

The undertaking has involved numerous departments and ships, and has
caused a certain amount of inconvenience 10 a fot of people during the past two
years. 1tis hoped that this article. explaining briefly what has been achicved,
will provide some measure of compensation to all those whose co-operation
made possible the successful completion of the investigation.
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