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NOTES ON THE CAUSES OF ACCIDENTS TO SUBMARINE  BOATS, AND THEIR SALVAGE. 

By Captain R. H. BACON, R.N., D.S.O., Associate 
 
THE reason for asking your indulgence in listening to this paper to-night is to place before you 
clearly the main causes of possible accident to submarine boats, as well as the practical 
procedure of preventing their occurrence, and also incidentally to discuss certain considerations 
as regards the methods of raising such vessels in the event of accident. The whole matter of 
submarine navigation, and of the capabilities of the boats, is so little understood that 
widespread misconceptions exist, both as to the nature of the accidents that have occurred, and 
also as to the relative chances of accidents happening to these boats compared with surface 
craft. By this discussion I hope the exaggerated idea of the dangers incident to the use of 
submarine boats which is prevalent among those not actually acquainted with their practical 
working will be done away with, and also that several fallacies existing in the public mind may 
be removed. 
 
The details of the submarine boats which we use, and the tactical results we obtain, are very 
properly kept confidential by the Admiralty. But the broad questions we will touch on to-night 
deal solely with the one point of the prevention of accidents to them; this, far from being 
confidential, is a matter rather of common humanity. I am sure you will agree with me when I 
say that any accident in peace time, which involves loss of life, is a cause for regret to the 
whole civilised world, independent of the nation to whom it occurs; and speaking for those of 
us in the Navy who are more particularly concerned with the running of these boats, I can 
assure you that when the late sad loss of the Farfadet occurred, fellowship of common 
experience gave us a true feeling of sympathy and sorrow only second to that which would 
have been caused by a similar occurrence nearer home. 
 
It is not necessary to enter into detail as regards the design of submarine boats. I will assume 
that the broad principles, lately so ably dealt with by Sir William White, are known to you all. 
But it is necessary to accentuate the fact that every boat designed is designed to fight. They are 
no mere playthings, not merely structures of scientific interest. They have an important role to 
perform in war, and must he designed with that sole object in view. The test of excellence of 
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design must be, that the boats shall be the best from the tactical and fighting point of view that 
is compatible with safety under all conditions of service, provided reasonable care is exercised. 
 
[407] 
To attain this the boats must be simple, and all complicated so-called safety devices must be 
avoided, most of which require the construction of specially dangerous boats to carry them, 
and, above all things no secondary complications must be introduced, to guard against primary 
defects, but these primary evils must be found out and eliminated. 
 
There would be no difficulty in designing a mere submarine boat with a maximum of safety 
devices, but with the minimum of fighting efficiency. It is here that judgment in design must 
step in. 
 
Broadly speaking, there are two classes of accidents that can happen to a submarine boat. First, 
the admission of water into the interior; secondly, an explosion. Both these have their 
counterpart in surface vessels, namely, collision and boiler or ammunition accidents. But the 
confined space and small reserve of buoyancy of the submarine boat intensifies the danger of 
the result to the crew. And it is this, rather than the frequency of accidents, that has occasioned 
public comment. 
 
In the  case of   admission of water, no help  can be expected from watertight bulkheads, for 
obviously to keep the vessel afloat each compartment must not have a greater capacity than the 
equivalent of the reserve of buoyancy; but further, for such compartments to be effective, only 
one, namely the centre one, can be allowed the same volume  as the reserve  of buoyancy,  since 
it is not only necessary to float the boat, but also to afford egress to the crew, and, therefore, the 
boat must be maintained approximately on an even keel.    To do this no compartment except 
the midship one must exceed in capacity half the reserve buoyancy of the boat; this limitation is 
necessary so as to allow of a corresponding compartment the opposite end of the boat being 
flooded to maintain the horizontal trim.    Such subdivision, would mean at least thirty 
compartments, and none except the one in the centre of the boat could be more than 31/2 ft. 
between the bulkheads.  Of course such a subdivision is an impossibility.    It may, however, be 
argued that it would be well to have one or two compartments so as to confine the water to 
definite portions of the boat, and   to leave a certain amount of space for the crew to inhabit in 
case of accidents.    This is a very reasonable contention, but before accepting it we must 
consider the probabilities of an accident happening, the chances of such an accident occurring 
in waters where 'salvage is possible, and, further, the chances of successful salvage to save life 
under ordinary conditions of sea and weather; all these must be balanced against the ever 
present inconvenience in daily life of having the boat divided into these three or four 
compartments.    Such subdivision is not merely an inconvenience as regards control and 
communication, but for another reason it reacts against the efficiency of the boat when actually 
running on service.    One marked feature in practice is the way in which spaces below a certain 
size affect the normal mental condition of the men.   To run a boat successfully everyone inside 
her should be in an absolutely normal condition; the increased constriction of vision and the 
necessary accuracy of handling argue even greater coolness than in ordinary vessels.   For a 
man's mental condition to be normal, 
 
[408] 
free living space is required; too confined surroundings re-act on the crew, and by producing a 
feeling of restriction create a mental tension; hence unless some very strong reasons exist for 
making living spaces below more confined than absolutely  
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necessary they should be as large as the boat will permit. 
 

THE PROBABILITIES OF ACCIDENTS. 
Taking first the case of water entering the boat. Two broad conditions exist when this is 
possible. One, where water enters a hatch, the other when it enters through a leak. 
 
The former is by far the more probable cause of such an accident. Of the four serious accidents 
whereby boats have foundered in the last few years, in fact, all modern accidents, namely, the 
Russian Delfin, the French Farfadet, A 1 and A 8, all have been due to water entering the hatch. 
 
The fact of the hatch being the main source of weakness is very suggestive, and most reassuring 
as regards the safety of the boats, since with the practical elimination of this source of danger 
the main cause of accidents up to the present will be obviated; in fact, if no other remedies were 
taken the attention attracted to this point should alone be sufficient to prevent accidents of this 
nature happening in the future. Many suggestions have been put forward for operating such a 
hatch automatically, but no matter requires more careful consideration than suggestions for the 
automatic or semi-automatic closing of vital hatches, since if any portion of a man, either body, 
hands, or arm is in the way, and is caught by the hatch the aperture can never subsequently be 
made watertight, and the danger to the boat is greatly intensified. The simplest method of 
making the hatch of a submarine boat automatic is by hinging it on the foreside so that the 
pressure of the water with the boat going ahead closes it, but had this been the case in A 8 there 
is little doubt that the captain who was leaning across the tower would have been caught, and 
every subsequent chance of stopping the water entering would have ended. The best method 
seems to be to hinge the hatch so as to open athwartships so that with headway on the boat no 
direct pressure to open or close it is exerted by the water, but should the tower submerge the 
lateral inrush will undoubtedly shut it. But let us for a moment analyse the chances of the water 
ever reaching the hatch. 
 
The following is the broad outline of the previously mentioned accidents so far as we know 
from the general accounts available: 
 
In the case of the Delfin, the hatch was quite low, too large a number of men were in the boat, 
the ballast tanks were flooded while the hatch was open (an original and deadly error), the boat 
sank deep until the water lapped over into the boat. 
 
Such an occurrence should without doubt never have happened. No structural provision could 
ever forestall such an accident. 
 
In the case of the Farfidet, the boat was apparently diving with the hatch improperly shut, and 
in attempting to close it fully, the hatch opened. 
 
 
[409] 
In the case of A8, the boat was being run with about one-third her normal buoyancy at 
considerable speed when she dived under, and her hatch was not closed by those near it. 
 
Now all these cases are of a nature that should not occur again, there is nothing inherent in 
submarine boats to render any of them liable to recur. 
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In the case of the Delfin, systematic drill and the most elementary care would absolutely 
preclude a repetition of such an accident. 
 
With the Farfadet, a redesigned closing method would allow of tightening the hatch with safety. 
 
With A8, the maintenance of full buoyancy when steaming fast would have prevented the water 
ever approaching the hatch 11 ft. above the waterline. 
 
So far, therefore, we may legitimately state that these accidents are not such as in any way to 
destroy confidence in the general system of submarine work. 
 
We have now to consider the question of the admission of water due to collision or grounding. 
 
As regards the former a collision of any magnitude must be a most serious matter; the reserve 
buoyancy in the boats is so small that even a small leak must be a very difficult matter to deal 
with. Watertight compartments have been shown to be out of the question, and therefore at all 
hazards collisions must be avoided. This being the case, it is the natural duty of a submarine 
boat to get out of the way of any craft that may do her damage. Such is only wisdom on her 
part, and with one craft determined to avoid, the chances of collision are greatly reduced. There 
is one point, however, greatly in favour of submarine boats, namely, the enormous strength of 
their structure compared with surface boats of similar tonnage ; this is of the greatest 
importance in all minor collisions. Two cases are on record where the boats have been struck by 
the propeller of a ship and have been none the worse, and many cases of collision with other 
minor surface craft have left the submarine absolutely unaffected, whereas the surface craft 
have been seriously damaged. 
 
In the particularly sad case of A 1, the conning tower was struck by a large, ship and the hatch 
slightly sprung open; the structure otherwise was undamaged. The boat then travelled the whole 
length under the ship's bottom, during which time sufficient water had leaked in to prevent the 
boat subsequently rising. A watertight hatch now fitted at the base of the tower provides a 
means of guarding against any moderate leakage from such damage to the conning tower. Of 
course, should the hull of the boat other than the conning tower be damaged anywhere above 
the centre line, then grave danger exists, and no considerations of design can save the boat 
against a considerable leak in such a position. This, however, is the one and only source of real 
danger to a submarine boat in event of collision, and the only reasons why it is greater in her 
case than in that of surface craft are the impossibility of fitting watertight compartments, and 
the short time available before her buoyancy is destroyed.  This naturally leads us 
     
[410] 
on to the consideration of what the reserve of buoyancy should be in a submarine boat. It is not 
permitted to discuss the design of boats, but it is infringing no secret to point out that the 
increase of reserve of buoyancy in the surface condition means increase of skin area for the 
same effective submerged displacement, and therefore for the same submerged horse-power. 
Storage of electrical power is extremely weighty, being for equal radius of action over thirty 
times that of the surface propulsion; if only for this reason it is advisable, therefore, to keep the 
reserve buoyancy of the boats as low as is consistent with sea-going safety. No boat can be 
safer at sea than a submarine boat, since it is as tight as a bottle. No increase of actual safety is 
obtained by small increases in the reserve of buoyancy, say from 15 to 30 or 40 per cent., which 
entail other great disadvantages without pro rata gain. Provided, therefore, that the advantage 
gained in safety in case of collision by small increases in the reserve of buoyancy is very slight, 
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and that the reserve is such as to insure seagoing safety, no object exists in reducing the 
efficiency of the boats from the fighting point of view, by increasing the surface reserve of 
buoyancy unnecessarily, and so decreasing their speed when submerged. 
 
The other cause of danger, namely, grounding, is not so very great. There are two distinct 
conditions; the first, merely striking the bottom, which is amply provided for by practically the 
whole under surface of the boats being double-bottomed, as well as by the fact of the boats 
being buoyant, and so very considerably reducing the effect of a grazing blow. Danger of injury 
to the hull from this cause is really non-existent. The other possibility is of a boat sticking its 
nose into the mud. The sloping nature of the under side of the fore part of the boat does not 
render such an occurrence probable, unless the boat were proceeding at a phenomenally large 
inclination, and even then the leverage exerted in getting rid of ballast, combined with the 
action of the propeller going astern, should exercise great influence in freeing the boat. 
 
The last possible cause of water entering is from the boat diving to too great a depth, and the 
hull being crushed, or some of the hull fittings being unable to stand the pressure. This argues 
either the failure of the diving rudders, which are made as simple and as strong as possible, and 
should, therefore, be above suspicion, or that too much water ballast was being carried, and, 
therefore, that the boat would sink from want of buoyancy. This actually occurred in the 
Porpoise in America. Fortunately the boat only sank in about 120 ft., the boat being built for 
100 ft. pressure. She, however, had the defect of having her tanks only constructed to stand a 
pressure of 25 lbs. on the square inch, or, roughly, about 50 ft. of water; the water in them could 
not therefore be blown out, since it was suicidal to attempt to admit the air pressure necessary 
to expel the water. The large pressure of water on the hull caused the boat to leak considerably, 
the electric pumps could not work against the pressure, and it was merely a race between the 
hand-pump and the in-leakage of water whether she was ever raised to the surface or not. 
Providentially the hand-pump gained the day, and the boat floated. In any boat every tank that 
can possibly be put into connection with the sea should be tested to the full hull resisting 
pressure An accident such as this could not possibly occur with moderate care or proper design. 
The rate of blowing water from tanks is purposely made so great that a sinking boat 
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should be caught and made buoyant long before a dangerous depth is approached. One turn of 
two handles, which are always kept in hand when the boat is diving, immediately relieves the 
boat of a large quantity of ballast. 
 
Of all these possible causes of boats foundering from taking in water, we may fairly claim that 
the only one even probable is that when the boat is injured by collision in the hull above the 
centre line. 
 

EXPLOSIONS. 
The question of accidents from explosions inside the boat next claims our attention.  Three 
causes of explosions only are possible, namely: 
 
(1) From an explosive mixture of petrol and air through a leak of liquid petrol into the boat. 
 
(2) From a mixture of hydrogen given off from the batteries during charge, or in discharge, if in 
case of accident the battery is flooded with water. 
 
(3) From the explosion of a compressed air reservoir. 
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As regards petrol, the main important consideration is, that to cause an explosion, first a 
leakage of liquid petrol is necessary, and secondly a spark is required to ignite the mixture. A 
leakage can invariably be detected by smell, should it occur; but in a properly designed system 
leaks should be practically non-existent. 
 
Even with vapour in the boat no direct danger exists,  provided the boat is properly ventilated, 
and no switch is moved, or anything is done to cause a spark.  As a matter of fact, in practice 
the smell of petrol inside a boat is almost unknown.  In the case of the accident to A 5, where a 
petrol explosion occurred, the cause of the leakage was a badly packed gland of the petrol 
pump, the gland being screwed down metal to metal; but, in spite of one man being overcome 
by the petrol fumes, the main motor was started, and the sparks determined the explosion.  Had 
the very explicit and simple regulations provided been carried out, no accident would have 
occurred.  The boats are particularly free from all chance of accident with the engines at work, 
since the volume of air used every two minutes is equivalent in volume to that of the whole air 
of the boat;  with such enormous ventilation going on, no chance of vapour accumulating is 
possible.  A prevalent idea is that the petrol tanks are them-selves a source of danger.  A 
moment's consideration will show that no danger from this cause can exist; since, whenever a 
closed vessel has petrol inside it, the enclosed air is saturated with vapour, and is therefore non-
explosive.  The tanks are constructed so that leakage is impossible, and many other precautions 
taken so as to minimise every source of possible leakage in the petrol system.  The English 
boats have covered over 30,000 miles under their engines, and, with the exception of one small 
flash in an early boat, no explosion except that in A 5 has occurred.  This of itself is fairly good 
evidence of the safety of petrol when moderate care is exercised. 
 
The second possible cause of an explosion is due to hydrogen given off by the batteries in 
charging; but, as this operation is only carried out when the boat is opened up for 
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ventilation, no danger exists. The formation of this gas, however, has considerable bearing on 
the installation of the battery, and limits the extent to which it can be made thoroughly 
watertight, for no risks can be run of allowing an explosive mixture being formed inside an 
airtight space. The explosion which occurred in A 8 two hours after sinking was most probably 
due to the formation of this gas. 
 
The third cause, namely, the failure of the air reservoirs, is merely mentioned as a possibility; 
no greater danger from this cause exists on board a boat than on board an ordinary ship, where 
such accidents are unknown. The usual periodic tests should fully suffice to insure these 
reservoirs being in a thoroughly safe condition. 
 
We may, I think, from the above short account assume that danger to the boats from explosions 
is really small, and not greater in comparison than the dangers which have attended the 
introduction of increased boiler and gun power in the Navy as a whole. 
 

SALVAGE 
The problems connected with the salvage of these boats differ from those usually met with, 
chiefly because the question of rapidity is, or may be, of vital importance as regards the 
possibility of saving life. This factor is usually absent from other salvage operations, and no 
question then exists about setting deliberately to work and conducting the operations upon 
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sound principles. The danger anticipated by the old adage, "More haste less speed," truly 
applies to this as well as all engineering work. 
 
A most excellent and pithy summary of the difficulties attending this work was given a short 
time ago by the Civil Lord of the Admiralty in answer to a question in the House of Commons. 
Let us first consider the areas near home where salvage operations of the boats are possible. 
Fig. 3 (Plate LXXXVIII.) shows a small scale chart of the English Channel with certain areas 
marked black; these are the only waters in Which boats can sink to the bottom without having 
their hulls destroyed by the pressure of the water. Now, our boats navigate the whole waters of 
the Channel; their radius of action is considerable, and they act absolutely without regard to the 
depth of water under them. The A class of boats have passed out of the experimental stage, and 
have taken their places as part of the naval forces of the country. Their manoeuvre grounds are 
chiefly in the deeper waters, and it is therefore evident that considerations of rapid salvage are 
totally out of the question should foundering occur in the majority of the waters in which they 
work. 
 
The suggestion, therefore, for building special salvage craft for dealing with submarine boats 
when the boats mainly operate in waters where rapid salvage is impossible, is one that cannot 
for a moment be practically considered, even should the probable frequency of accidents 
warrant such action, which as a matter of fact it does not. 
 
The first question as regards salvage is to provide for the succour of the imprisoned crew. 
Hundreds of suggestions have been received on this subject; all have received careful 
consideration, but up to date not one has been capable 
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of practical application. The labour of attending to the numerous suggestions is very great, but 
it is well worth the expenditure of trouble if only some day one single good idea is forthcoming, 
and really it is impossible but to be grateful to all who attempt, however crudely, to assist the 
work of the country. 
 
Let us consider the two most common and plausible of these suggestions. 
 
Before adopting any special appliance or constructional complication, suggested solely from 
the point of view of saving life in accidents, two considerations should be fulfilled:—First, the 
fighting efficiency of the boat must not be seriously affected by it, since the boats are designed 
primarily for fighting and not for meeting with accidents; and, secondly, that such arrangements 
when introduced shall be efficient against all reasonable accidents that may happen. 
 
It is simple to design a boat to be safe against any particular accident; the impossibility lies in 
designing one safe against every accident. The commonest device for the release of a crew from 
a boat is that of providing an air lock and diving chamber, and a hatch that can be opened from 
the bottom of the air chamber, the pressure of air preventing the water entering when the hatch 
is open; the crew can then, one by one, dive out and come to the surface. Supposing a sufficient 
space devoted to such an arrangement, there are two considerations which militate against its 
success. The hatch must necessarily be in the bottom of the boat, but if an accident happens it is 
" even chances,'' even in the uncommon case where the boat is undamaged, whether the boat 
rests with its fore or after end on the bottom as shown in Fig. 1 (Plate LXXXVIII). It is, 
therefore, an even chance whether the men would, or would not, be able to use this means of 
egress. Again, it must be assumed that water is present in the boat, otherwise there is no reason 
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that she should not come to the surface, and if this water is present it is again an even chance if 
the compartment can be got at from the interior of the boat. But further, even supposing this 
chamber could be used, we have still to consider the effect on the crew of the variation in 
pressure by suddenly rising to the surface from a considerable depth. It is common knowledge 
that under pressure the gases absorbed in the blood get compressed, and that sudden release of 
such pressure allows them to expand, producing large bubbles of gas in the blood, which cause 
breaks in its continuity; this is productive of the most serious effects on the system, so that, 
even if the men were able to find egress, in many cases their lives would not be saved. Since, 
therefore, this system cannot be safely used in deep water, not at all on a soft bottom, and 
unless duplicated and placed at each end of the vessel it is useless with a small amount of water 
in the boat, and quite valueless with a large amount, it is not a fitting on which it is worth 
wasting much valuable weight and space. Another common suggestion is to provide a 
detachable chamber into which the crew may climb, which can be freed, and then will float to 
the surface. A few figures will dispose of the practicability of this idea. Allowing 1 ½ sq. ft. of 
space for each man, 11 men will require 16 ½ sq. ft. If the chamber were made cylindrical the 
thickness would be ¼ in.  It would have to be ballasted to keep it upright when 
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floating, and, moreover, must float with a certain reserve of buoyancy to allow of the top being 
open even in smooth water for the egress of the men. This means that the cylinder would have 
to be at least 6 ft. in diameter and 7 ft. to 8 ft. high, This would be an enormous excrescence 
outside the boat, and greatly increase her submerged resistance, even if further fitted with fair-
waters to relieve its circular shape, although increasing its size. Its dimensions would quite 
preclude the possibility of carrying it inside. In addition, the securing arrangements and 
watertight doors would add considerably to its weight, and then in the end a collision, which is, 
after all, the most probable cause of accident, would be liable to put it out of gear. Anyone who 
really considers carefully the difficulties of providing reasonable methods of exit for a crew will 
soon be convinced of the futility of such special arrangements. If I am betrayed into saying that 
some convenient form of diving dress seems to provide the greatest chance of ultimate success, 
I add an appeal to non-experts who have neither seen the open sea nor have any knowledge of 
diving dresses to spare us written suggestions on this subject. 
 
Suppose a boat at the bottom in less than 120 feet of water, the difficulties of rapid salvage are 
immense. Friendly critics who look on the Channel as a smooth sheet of water would have their 
ideas rudely dispelled if they had to undertake practical salvage operations. The number of days 
when sea and swell are absent are remarkably few, the hours available owing to tides are 
scanty, and the amount of physical work that divers are capable of doing in deep water is 
remarkably little. These ever-present handicapping factors, combined with the one hundred and 
one little difficulties and delays that crop up, soon cause hours to run into days, and difficulties, 
not known to the outside world, cause those who have never had such work to do to wonder 
where the difficulty lies. But it is useless to dwell further on this matter; let us pass to the actual 
salvage of a boat on the bottom. 
 
A boat on the bottom can be in one of two conditions - either with her hull intact or with it 
damaged. In the former case the salvage is fairly simple, and merely consists in connecting a 
compressed air pipe to a socket in the hull, admitting compressed air, and blowing the water 
out. I must, in passing, take the opportunity of thanking the many people who have taken the 
trouble to write either privately or to the press suggesting the provision of such a fitting. But, 
needless to say, this has been provided from the very first inception of these boats. 
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If, however, the boat is damaged, she can either be lifted bodily, or the leak may be stopped and 
the water blown out, when she will rise of her own buoyancy, or do so with but little assistance. 
In the first case a considerable weight will have to be lifted, and provided the weather 
conditions are favourable no difficulty should exist, but the operation cannot be done without 
considerable labour. We will imagine for a moment that there is a chance of saving life in the 
boat, although a leak exists. In this case it will be necessary to lift the boat not merely to the 
surface, but sufficiently above the surface to allow of the hatch in the conning tower being 
opened without the danger when the air pressure is relieved of letting the water rise in the hull 
sufficiently to 
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drown the survivors. For this purpose centre line-lifting holts on the hull are not of much use, 
since the purchases shackled to them will come "two blocks" before the hull is above water. 
Strops made by large hawsers are more convenient, since the blocks can be kept at the side as 
low as the middle of the boat. Again, the blocks that must be used weigh close on half a ton 
each; these are most difficult for a diver to handle. I do not know if I am addressing many who 
have been practical divers, if not I must ask you to take my word as an old diver as to the 
enormous difficulty of bringing an unwieldy weight of half a ton near to, and of shackling it on 
to a fixed point such as an eyebolt. Bringing a hawser to the block is far easier, or even 
shackling the hawser to the block on the surface, and then sweeping it into place under the boat 
is a far easier and more practical method. Fixed bolts, under certain conditions, such as that of a 
boat being very deep in the mud, may be valuable, but for rapid salvage with a view to saving 
life their utility is very problematic. Another point to be kept in mind is that the strength of the 
lifting gear to be used should be sufficient to take the sum of the weight of water in the boat and 
any tanks filled subsequent to the accident, plus that of the volume of the emergence she has to 
be lifted to ; moreover, the slinging has to be distributed, so as not to strain the boat locally, 
cause her to leak, and allow the imprisoned air to escape from the inside. 
 
The fact of lifting the boat above water necessitates the use of more than one lifting vessel so 
that the boat may rise between them. This necessitates mooring these craft in exact position 
before any work can be undertaken, otherwise the tide will vitiate all subsequent operations. 
After everything has been done that can be done on the surface the whole rapidity of the 
subsequent work depends on the tides and on the weather. To attempt to shackle on blocks 
below with the lighters rising and falling 2 or 3 ft. is impossible, and to take the weight of the 
lift, except on a smooth day, is equally impossible on account of the strain that would be 
brought on all the gear. The sudden immersion of the lighters and the inertia of the submarine 
are, in a sea, bound to strain the gear many times more than the mere weight to be lifted. For all 
these reasons rapid salvage is almost an impossibility, however hard everyone may work. 
Whatever appliances are available, wind, sea, and tide will always be the determining factors as 
regards rapidity of work. 
 
The mere salvage of a boat, when rapidity is not essential, does not, even when in deep water, 
present any great difficulty. It is, in fact, easier in the case of a strong structure like that of a 
submarine than with an ordinary ship. Morever, the peculiar shape of the hull makes it possible 
to sweep hawsers underneath the ends even in waters where it would be impossible to work 
divers. 
 
It has been suggested from some sources that the Admiralty should keep their own salvage 
plant for the general use of the Navy. This is no concern of mine, and one for the Admiralty 
only to consider, but if I had any weight in their counsels I would most strongly advise their 
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doing nothing of the sort. Anyone who has been practically associated with salvage work 
knows that success depends largely on practical  experience  and constant practice.  The mere 
plant is quite a secondary 
 
[416] 
consideration, and easily obtained. Moreover, in all large salvage operations special gear has to 
be designed and built. Such appliances cannot be foreseen and kept stored. The valuable asset 
to salvage companies is the experience of their divers and the constant practice that the 
mercantile marines of the world afford them. In such commercial enterprises the Navy can 
never have a share, and our own service alone does not, thank goodness, provide sufficient 
accidents to keep the men thoroughly practised. 
 
In conclusion, I hope that I have been able to put impartially before you the relative safety of 
submarine vessels compared to that of surface craft. That the danger of the work is apt to be 
exaggerated, I think you will all concede. That it requires constant care goes without saying, but 
with the exercise of such care, no apprehension need exist of a larger percentage of accidents 
than in other branches of the service. That with the increase in numbers of the boats accidents 
will occasionally occur is undoubted, for wherever large quantities of energy are stored in an 
easily available state danger must exist, but that this is present to an exaggerated extent in the 
case of submarine boats is not a fact. Nowhere is the extent of possible danger known better 
than among those who man the boats, and nowhere would the idea of excessive liability to 
accident be more scouted. 
 
There is, however, another class of danger that may exist, though at present it does not do so, 
and that is, that, in the desire to avoid all risks, the efficiency of the boats may be reduced both 
by constructional limitations, and also by curtailing their practical manoeuvring by subjecting 
them to work less stringent than that which simulates war conditions. Much better have no 
boats at all than allow such limitations to creep in. At present we can safely say that all the 
work the boats do is up to the full requirements of war training, and that neither of the two 
lamentable accidents to the boats have in any way detracted from the severity of the tactical 
work. The sympathy of the whole country with the sad fate of those splendid men who, being 
volunteers, were the pick of the service, is apt to lead to exaggeration of the real danger of the 
work. It is rather outside the Navy than in it that apprehension as to the safe use of the boats 
arises. If this paper has succeeded in putting the real facts in a more dispassionate light, I feel 
that the half-hour you have so kindly afforded me will not have been wasted so far as the 
interests of the country are concerned. 
 
 
DISCUSSION. 
The CHAIRMAN (Admiral the Right Hon. Sir John Dalrymple-Hay, Bart., G.C.B., D.C.L., 
F.B.S.): Ladies and Gentlemen, I am sure we are exceedingly indebted to Captain Bacon for the 
admirable address which he has just given to us upon a subject of which so few of us have any 
special knowledge. I will call upon Sir William White to open the discussion. 
 
Sir WILLIAM WHITE, K.C.B., LL.D., F.R.S., D.Sc. (Vice-President): Sir John Hay, Ladies 
and Gentlemen, I take great interest in this subject, and am happy to have the opportunity of 
discussing it. The Council could not have shown their appreciation of the importance and 
interest of this paper 
 
[417] 
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more than they have done in accepting it at short notice, when Captain Bacon was kind enough 
to undertake its preparation, and in arranging for this special meeting. We are all alive to the 
fact that there lie behind this paper, which deals with general questions in a masterly way, other 
considerations of great public interest. I entirely agree with Captain Bacon's broad conclusions 
on many points. His argument against minute watertight subdivision is irresistible. From large 
experience I share his objections to automatic appliances which are supposed to close with 
certainty and suddenness under circumstances of danger ; probably more harm than good would 
be done by attempting to introduce them into submarines. Further, in regard to the provision on 
a large scale of salvage appliances in view of possible accidents—which we hope and believe 
will be rare, and which, if they occur, cannot be dealt with in the manner which the proposers of 
this policy contemplate—Captain Bacon's argument is complete. He has had a large experience 
in dealing with this class of vessel, and knows thoroughly what he is talking about. If anyone 
has any doubt upon the subject of salvage operations, I should advise him to read the French 
papers in relation to English practice. The sad loss of the Farfadet and the long period which 
was occupied in getting that unfortunate vessel to the surface—close in shore, under conditions 
as to depth of water and surroundings which were not nearly so difficult as those which have 
had to be faced in the case of our vessels—have led French writers to speak in the highest terms 
of English organisation, and of the way in which our work has been carried out. There are 
points with which Captain- Bacon deals which I wish he had treated in a somewhat more 
technical manner before this Institution, although the presence of ladies to-night, no doubt, 
makes the paper, as it stands, more interesting to them. Naval architects would be glad (and I 
hope it is not yet too late to ask for it) if Captain Bacon had summarised the facts which he 
placed before the Court of Inquiry at Devonport in regard to the longitudinal stability of A 8 
under various conditions of lading. I am sure that, if Captain Bacon could find time to add these 
facts, they would be of great value for future reference in tracing the change of conditions of a 
submarine as she passes from the awash to the diving condition. 
 
Captain BACON :  I will do so. 
 
Sir WILLIAM WHITE : Personally, I am familiar with the subject, and have thoroughly 
calculated these conditions : not for A 8, of which I have no authentic particulars except those 
appearing in the press, but for a vessel approximating closely to A 8. The great and rapid loss of 
longitudinal stability as a submarine becomes immersed is due, of course, to her circular cross-
section and special longitudinal form. As the diving condition is approached and the water 
surface, as it were, approaches the "crown of the arch," every inch of immersion introduces a 
marked change in stability and buoyancy. Captain Bacon, in the figures he put before the Court-
martial at Devonport, traced those changes in detail. I am not aware by whom those calculations 
were made, but presume they were made by the builders of the vessels, or some naval architect. 
Whoever may have made the calculations, I understand that Captain Bacon authenticates them. 
 
Captain BACON :  We made them. 
 
Sir WILLIAM WHITE :  Were they made by the Admiralty ? 
 
Captain BACON :  Yes. 
 
Sir WILLIAM WHITE : By some naval architect, I suppose. That leads me to a point I wish to 
make: this is a matter in which the naval architect is gravely and intimately concerned, and I 
have no doubt, and I certainly hope, that in investigations such as these every assistance 
possible has been obtained from the naval architect in getting at the facts, because the work, 
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although simple in character, should be done by those who are accustomed to make calculations 
of stability for ships. On page 407 of the paper, Captain Bacon speaks of two classes of 
accident which, he considers, alone deserve consideration, namely, those where the admission 
of water takes place into the interior of the boat, and, secondly, those resulting from an 
explosion.   My study of the subject leads me to believe that there 
 
[418] 
a third and important class of accident, and the A 8 inquiry confirms my opinion: viz., that 
ere may be a possibility of rapid diving under certain conditions of draught and speed, aided 
perhaps by accidental circumstances which can hardly be foreseen.   This third class of 
accidents results from the very small  longitudinal stability of the vessel as she is passing from 
the awash to the diving condition.    That view was favoured by Captain Lees in his evidence, 
and I understood that Captain Bacon informed the Court-martial or the Coroner—I am not quite 
sure which—that the matter was being dealt with experimentally.   This is not a matter of a 
confidential nature, and if the Admiralty see no objection to placing, later on, the results of 
these experiments at critical draughts at the disposal of the profession, it would confer a great 
favour on those of us who study this matter from the scientific side.    It is perfectly well known 
that when a ship gets into motion the statical conditions that obtain when she is at rest no longer 
hold good.   It is also well known that up to a certain speed a ship sinks deeper in the water as 
she is driven.   Now in a submarine any deeper submergence of that kind is, of course, a serious 
matter for the reasons that I have just stated, since every inch of increased draught if important 
as the diving condition is approached.   We have but little exact knowledge as yet of the effect 
of stream lines which impinge on the upper surface of the vessel at the forward part, and which 
may have an enormous influence on what happens to her.   The French submarine which sank 
at Bizerta absolutely dived to the bottom, apparently in part owing to the entry of water, but 
partly also because she took a very awkward dive.   From the French published accounts I 
gather that the door was imperfectly closed when they began to dive, and that in trying to adjust 
it they opened it a little, whereupon the water rushed in and all was over. 
 
Captain BACON :   I quite agree with Sir William White.   How I read it was that in trying to 
close the hatch perfectly they hoisted it back to get an extra push, and the hatch opened 
completely. 
 
Sir WILLIAM WHITE :  There have also been cases in America—Captain Bacon has referred 
to one, namely, that of the Porpoise—where submarines have gone to the bottom, and as I am 
informed, I think correctly, they have gone there not because they had any sensible amount of 
water in them, but because they dived.    In America it is commonly stated—it may be true or 
not—that Mr. Holland is averse to making his experiments on submarines in deep water, and 
that he prefers, when he is on board, to work in water of no very great depth.   This may not be 
the case, of course; but, if I were Mr. Holland, I should prefer to do the same.   I am open to 
suspicion, no doubt, in this matter, because I have spent a considerable time under water in a 
submarine with little prospect of coming up, and it is not an agreeable experience.   In dealing 
with the prevention of accidents, Captain Bacon very properly points out that the margin of 
safety—the reserve of buoyancy—is very small in submarines, and that a minute change of 
condition means foundering; so that the men in charge must not merely have great skill, 
courage, and coolness, but must also conform absolutely to certain fixed and specified 
conditions.  I think that is a fair statement, but in ordinary life we have to take people as we find 
them, and I have never yet found a perfect man, or one who was not liable to diverge from 
instructions.   For example, speaking with regard to petrol, Captain Bacon says that, in a 
properly designed system, leaks should be practically non-existent.   We all agree with that, but 
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we also know that in any existing system leaks do occur.   The presence of the white mice with 
the crew is said to be a means of soon discovering leakage, and a proof that it is expected leaks 
will occur, and some escape of petrol take place. Again, with regard to the use of the horizontal 
rudders and the various precautions that must be taken to keep men stationary in order to avoid 
any change of longitudinal trim, all these are instructions which ought to be rigidly observed, 
but which experience leads us to believe will occasionally not be fulfilled ; and so, if anything 
can be done to increase the margin of safety and to give greater freedom for the possible 
occurrence of human error, it is desirable to do it.   Coming to the question of the actual reserve 
of buoyancy, and more particularly in regard to deformation at great depths, I am bound to say 
that I think Captain Bacon has hardly put the case as strongly as he might have done.   Let us 
take a vessel of 200 tons displacement, or about 450,000 lbs. weight.   When that vessel is in a 
diving condition, we are told that 800 lbs. represents her reserve of buoyancy ; so that if any 
change of form 
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diminishes the cavity she occupies in the water by only 800 lbs. - or less than one-fifth of 1 per 
cent, of her weight - out of 450,000 lbs., she ceases to have a reserve of buoyancy. This danger 
can be met by strength of structure, provided that regard is had to the greatest possible working 
depths, and occasional attainment of greater depths; and then a very heavy hull may be 
required. That is only an illustration of the necessity for the nicety of adjustment which is 
necessary in vessels of this kind, and indicates the need of very skilled management. In another 
matter the same thing comes out. We are told -on page 409 of the paper- that in A 8 "the 
maintenance of full buoyancy when steaming fast would have prevented the water ever 
approaching the hatch 11 feet above the water-line." That statement, of course, I do not take 
exception to ; but in the vessel herself at the time the accident happened, the buoyancy, as 
estimated by Captain Bacon in his evidence, instead of being 13 tons, which is the full reserve 
of buoyancy, excluding the conning tower 
 
Captain BACON :  16 tons. 
 
Sir WILLIAM WHITE : I think you said 13 tons at the Inquiry, excluding the conning tower ; 
but, whatever it maybe, you estimated it would be 3 1/2 tons when the vessel foundered, the 6 
tons reserve having been reduced by some unknown circumstances to 3 1/2 tons. All the experts 
were of opinion that that 6 tons of buoyancy, with a surface speed of 10 knots, should have 
been safe. That was clearly the conviction of everybody who gave evidence, and the vessel 
would not have been run with 6 tons of buoyancy unless it had been considered to be safe. 
Captain Bacon goes on to say on page 410: " No increase of actual safety is obtained by small 
increases in the reserve of buoyancy, say from 15 to 30 or 40 per cent." But, as far as I can 
make out, the actual reserve of buoyancy, if it were taken at 16 tons, would be only about one-
twelfth of the displacement, that is, only about 8 per cent, of the displacement instead of 15 per 
cent. What I want to point out is that long ago, in the days of the civil war in America, " 
monitors '' which had 10 per cent, of reserve buoyancy, unfortunately became diving boats on 
various occasions during the blockade, and disappeared very rapidly. As regards the expulsion 
of water, although I am not familiar with the arrangements of existing submarines, it is obvious 
that decided and immediate action must be taken to set the means of expulsion to work, if 
gravity is to be defeated, and if the vessel is to be kept from diving to a very considerable depth 
when once started downwards. A vessel once started is apt to behave like a falling body, as I 
know from personal experience. I desire, in conclusion, to again express my thanks that Captain 
Bacon has been good enough to assent to my request, and to, say that he will supplement his 
paper with technical information which will be of the greatest value in the Transactions. I 
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sincerely believe that the Admiralty desires that no possible precaution to secure the safety of 
the vessels and their crews should be omitted, and accidents, although most unfortunate in 
themselves, are of value in suggesting precautions. I only wish to indicate that we are in many 
respects facing the unknown, and that in fairness to those who serve in these vessels, which 
necessarily involve special risks, everything should be done to settle any flaw in theory or 
practice both by investigation and by experiment. 
 
Professor J. H. BILES, LL.D. (Vice-President) : Sir John Hay, Ladies and Gentlemen, I had no 
intention of speaking ; but, as our Chairman has called upon me, I must obey his call. The 
interesting paper Captain Bacon has read to us is one that I think may be understood by anyone. 
It is a full description of the principles underlying submarine boats. It is an elucidation of what 
appeared to a great many people to be a mystery. I, for one, have learnt a great many things to-
night, but I have failed to see that there is anything very difficult about this subject of 
submarines. I have been trying to pass through my mind the relative technical difficulties of a 
submarine and an ordinary warship, and, with the information we have had to-night from 
Captain Bacon, it seems to me that there is hope that we may understand a submarine as well as 
we do some of the larger and more complicated structures. The matters connected with 
submarines have been prudently kept secret by the Admiralty while they were in process of 
development, but a great many of them have not remained secret, and I suppose there are a 
great many people who are willing and able to devote their energies and brains to the 
consideration of some of these difficult problems in connection with submarines which have 
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apparently not been completely solved. One of these questions is the longitudinal stability of 
the boat near the surface of the water, where the water-line area is so constantly changing form 
even in still water and where it is changing so much more rapidly and in such a varying way 
according to the varying conditions of speed and sea through which the vessel is going. The 
problem is quite a complicated one • it is one that possibly can only be solved completely by 
experience at sea ; but, as the solving of it involves risk of the sinking of the vessel, it is 
certainly much more desirable to carry out investigations at first on a small scale rather than on 
the full size. 
 
Captain R. H. BACON, R.N., D.S.O. (Associate): Sir John Hay, Ladies and Gentlemen, I am 
sorry I have practically only one speaker to reply to, but he has given me a good many things to 
talk about. Sir William "White was anxious to know the source of the figures given by me 
before the Court-martial. They were obtained in the usual manner from the drawings and by 
calculation.   But before using them I checked them all practically in a sister boat. I purposely 
did not go into these figures, because I have stated them on two previous occasions—at the 
Court-martial and at the inquest on A 8—and subsequent knowledge has not added very much 
to what I said then. But I have not the slightest objection, if it  is of any interest, to repeating 
exactly what the conditions were, more or less. The boat was ordinarily supposed to have at the 
time about eight or nine tons of buoyancy, instead of which I was able to verify the fact that she 
only had six. Now, not only was that boat started with six tons of buoyancy, but she was also 4 
degrees by the stern; and it was the 4 degrees by the stern that was the predominant feature, and 
it was difficult to see how it was possible for a boat 4 degrees by the stern to bring herself 
horizontal and dive without some very large forces acting on her. I may say that, with that six 
tons of buoyancy, the moment for change of trim would be 33 foot tons. If she was 4 degrees by 
the stern, speaking roughly, it would mean that 132 foot tons would have to be brought into 
play to bring that boat on an even keel—not to pass the horizontal to a downward inclination, 
but merely on an even keel—and that was the great difficulty that presented itself. We knew 
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from model experiments that the boats had a tendency to come horizontal when steaming at 
fairly high speeds such as 10 or II knots, and that they changed their trim at about 2 degrees. 
 
Sir WILLIAM WHITE :  Was the 4 degrees by the stern before she began to move ? 
 
Captain BACON : Before she began to move she was 4 degrees by the stern, with six tons of 
buoyancy. When steaming ahead we knew there was a probability of her coming down 2 
degrees by the how. That accounts for 2 degrees, but that still left 66 foot tons to bring the boat 
horizontal. Now, the only way, at the moment, we saw it was possible to get 66 foot tons to 
dive was by the use of the horizontal rudders, and, taking the vertical pressure on the rudders at 
about 1½ tons 
 
Sir WILLIAM WHITE :  What angle of helm was there ? 
 
Captain BACON : We did not know; but, taking the maximum, which, by Mr. Fronde's 
experiments with planes, was between 30 degrees and 35 degrees, we assumed this, and 
calculating it quite roughly, allowing for no propeller effect, and taking it at 1 1/2 tons, which, 
multiplied by the length of the boat, made about 75 foot tons tending to bring the boat by the 
bow; 60 foot tons were wanted to bring her horizontal, and it only left 15 to bring her down by 
the bow. The only way at the time, as I said in my evidence, to account for the trim was that the 
water-line was changing very rapidly with every ton that the boat immersed, and if we could 
only imagine she was brought down to three tons buoyancy instead of six, then the moment of 
change of trim would have changed from 33 foot tons to 11 foot tons, and in that case it would 
be very easily accounted for. That is what led me at the time to consider that the only 
reasonable explanation, so far as we knew, was that water must have entered one of her 
foremost tanks, although it was very difficult to explain how; but still it was a possibility, and 
not only that water entering the boat reduced the buoyancy as a whole, but at the same time that 
it introduced a forward moment, tending to bring the boat on an even keel. That is what Sir 
William White referred to in my evidence, and that is the most we could say. We then 
undertook model experiments to find out the exact effect dynamically.    These are going on 
now, and I know that you will excuse  me  from stating 
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definitely too much about the results of those model experiments, for the reason that up to date 
we have had difficulty in getting the models to absolutely correspond with the submarine boat. 
We have had to run the submarine boat at a definite speed, measure the water-fine, measure the 
moment to change trim (which you can do very easily in the boat), and also to try the 
corresponding things with the model; but at present we do not get the model to correspond quite 
with the boat. There were divergencies and differences. We are now carrying out those 
experiments, and we are getting on with the results, and I hope we shall have them very shortly. 
But what they did bring out, and what we afterwards proved, was that with a boat under way 
the moment of change of trim, or, in other words, the longitudinal stability, was not the same 
with the boat moving as it was when at rest; in fact, a moment of 54 foot tons to change trim 1 
degree with the boat at normal trim would with a boat steaming 10 knots fall to about 40 foot 
tons. Now, the probability is that this is due to the fact that the boat changes her displacement 
slightly when steaming fast. We always knew that when the model boat was run at speed, the 
model itself did sink as regards the fixed frame of the apparatus in the tank, from which the 
boat is more or less suspended. We could actually measure the sinkage of the boat as regards 
the fixed point outside the surface of the water, but there are no means of measuring, and we 
have never been able to measure yet, although it is possible we may devise some means for 
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doing so, how much of that is due to the boat sinking in the water—that is, its water-line 
rising—and how much of it is due to the water near the boat sinking, which brings in a totally 
different consideration. If the whole water next to the boat sinks, which it undoubtedly does, 
then you cannot measure the alteration in water-line or the alteration in buoyancy from a fixed 
datum outside the surface of the water altogether. That is a point which we have to further go 
into. It is a very difficult thing to do, because it is not easy to actually fix the water-line on the 
model when it is running, following all its curves, and to measure exactly the buoyancy 
afterwards. But that, at the present moment, appears to be the only means of discriminating 
between the sinkage of the boat from a datum mark above the surface of the water and the. 
actual sinkage of the boat in the surrounding water. 
 
Sir WILLIAM WHITE : You have measured the change of trim in the tank in the usual way, 
and you reckon the distribution of fluid pressure along the bottom and the sides will be different 
? 
 
Captain BACON : Undoubtedly. You can measure the change of trim in the model, and you can 
measure the change of trim in the boat. We are running an actual boat with a definite buoyancy, 
measuring her alteration in trim as she runs, and comparing it with that of the model, and when 
we get them to agree—that is, when these experiments are completed—we shall probably know 
more about it, and I daresay the Admiralty may have no objection to publishing those results, 
but I do not care to prejudice the case by stating things which are at the present moment not 
complete investigations of the problem. Now, there were several other points that Sir William 
White raised. One was this very question. He said that one danger might exist in a boat because 
of the change of water-line as the boat sank, getting ready to dive—he will correct me if I am 
wrong. That is a condition that you never run a boat in.  You never trim your boat with 
headway on.   That is one of the simple elementary rules. 
 
Sir WILLIAM WHITE : I meant in the intermediate condition between the awash and the 
diving. I quite understood from what you said at Devonport that this was never done. 
 
Captain BACON : That case, then, does not stand ; but I have only to point out one thing, 
dealing now with regard to the accidents to boats, that there is no reason for ever running a boat 
with less than her proper amount of buoyancy. It was done in this particular case, and I quite 
own that whatever blame there is attaches entirely to me with regard to running a boat like that. 
I have run boats myself, and I would do so again; but I did not at the time anticipate there was 
the slightest danger in running a boat with that amount of buoyancy, since, at any tendency to 
dive, the hatch had merely to be shut to render the boat absolutely safe; but, since an accident 
has happened, naturally the conditions have been altered, and in future the boats will only be 
run with their proper amount of buoyancy.  No danger exists in running the boats with little 
buoyancy, provided the hatch is not left 
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open, and, therefore, I think Sir W. White will see that what he calls a third cause of accident is 
really included in the two I have discussed.   When I say that a small percentage of increase of 
buoyancy does not affect the safety of the boat, I do not refer to that small amount when you are 
down to anything as low as six tons, because you then get a comparatively big difference. I 
intended to convey that if you take what we do, and build a boat with a reserve of buoyancy of 
one-twelfth her total displacement, then, whether you go up 50 per cent, on that or not does not 
affect the actual safety of the  boat at sea.  Now, Sir William White introduced another point, 
and that was the question of a boat diving when she was under water—that is, diving 
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abnormally and going to the bottom.  I think he has rather exaggerated that chance.   As he very 
rightly pointed out, when a boat is running on the surface in that condition, the action of the 
water on the fore part of the boat produces a very marked effect, and there is an unbalanced 
pressure at the fore end of the hull, and nothing to counterbalance it.   That does two things ; it 
sinks the boat vertically in the water, and it also brings the boat down by the nose,  but once the 
boat is under the water that effect ceases.   You have no difficulty at all in steering at the correct 
depth, and, so far as I know, up to the highest inclinations we ever go to - about 10 degrees by 
the bow - there is absolutely no tendency for the boat to make any abnormal dive.   I am rather 
chary about quoting American experience,  because,  although  the Americans run their boats in 
an extremely able way, they have at times been what I  should call venturesome, and I have 
heard of cases in which they have tried their boats in a manner which I do not consider 
particularly safe. 
 
These are very interesting from an  experimental point of view, but  they do not  really 
represent legitimate conditions.   As regards the Porpoise, I may say that she sank to the bottom 
simply through having too much water in her tanks.   It was a very common practice in America 
in trimming their boats—that is, getting them into a diving condition—to use a  little tank 
representing  exactly the amount of buoyancy they require when diving, in the following 
manner.   They actually let the boat begin to sink, and then blow the water out of the tank, and 
then the buoyancy is exactly right; but, unfortunately, on this occasion they were not quick 
enough.   Something went wrong, and that was how she   sank.    Sir William White touched 
also on the fact that  you have to be careful.   Of  course you   have to   be   very careful.    I  
have   not enlarged    upon   that,   and it  is   a   most  difficult subject as regards submarine 
boats for this reason, and this reason only.   There is absolutely no difficulty in being careful.   I 
mean to say, you can tell officers and men that there are certain definite rules to follow, such as 
never to open a Kingston valve unless the conning tower is shut, and so on.   There are a few 
simple rules of thumb of that sort which, if kept to, you cannot go wrong; but where the 
difficulty comes in is that if you overdo it and are constantly drilling your  officers to be 
careful, and cramming it down their throats, then they get so careful they do not do anything at 
all.   If you want to train a person to handle his boat in war time you must tell him to be careful, 
and point out to him what he is to do and not to do, but you cannot go on cramming carefulness 
down  his throat every day.    As to the boat diving owing to the crew altering their position in 
the boat, there is no danger in moderate movement; but the time of duration of a dive in these 
boats is at the outside three hours, and there is no more difficulty in sitting still for three hours 
in a submarine boat than there is in sitting still for three hours in a train.   The next point is 
about the petrol.   Sir William White is perfectly correct in saying that what ought to be does 
not always happen.   But I will depart from the rule I laid down, and mention one small detail as 
regards construction in the petrol system, and that is that every petrol joint that we have in the 
boat is made to stand a pressure of 2,000 lbs. to the square inch, while its normal working 
pressure is only 1 lb.   That is why I say you ought to have no leaks. 
 
A man with a large spanner, or two men each with a large spanner, can tighten up  those joints, 
which are good diamond joints.   If you design details with  the single object in view of not 
getting leaks, then, I say, you ought not to get any.   As to the white mice which  Sir William 
White called in as evidence of leakage of petrol, I may say white mice do not detect petrol, they 
do not squeak as the papers say, nor are we allowed a shilling a day for their food ; but what the 
white mice do (and it used  to  be   an important  thing) is to   detect the presence of carbon 
monoxide.   If a leakage in the exhaust-pipe  existed, and carbon monoxide got into the boat, a 
mouse, being small, is more sensitive, owing to  its quick breathing, to poisonous gases than  a 
human being, and we therefore  
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used to hang the white mouse up where we expected we might get a leak, and if there was a 
leak the mouse lay on his back and kicked. Then, Sir William White entered into the question 
of the reserve of buoyancy when diving. Now, reserve of buoyancy when diving is a great 
bugbear. In our later boats it has gone up enormously, but still Sir William White is perfectly 
right in what he says—that 800 lbs. is the reserve of buoyancy. If, however, a boat is diving, 
and the reserve of buoyancy lessens, you have the most delicate indicator of alterations in 
reserve of buoyancy in the angle that the boat is running at. As he has explained in his excellent 
description of the elements of submarine boats when diving, the boat always goes along at a 
certain inclination downwards. The reason of that is that you always have a certain acceleration 
upwards due to buoyancy, and a certain acceleration downwards due to the inclination ; the 
boat, therefore, travels horizontally, and the result is that, if your reserve of buoyancy alters, the 
angle of running alters, and the moment the boat begins to lessen its angle by the bow— say it 
starts at 5 degrees and falls to 2 degrees—you know the reserve of buoyancy is lessening, and 
any gradual alteration in reserve of buoyancy can be detected at once by this fact. 
 
The CHAIRMAN (Sir John Dalrymple-Hay): Ladies and Gentlemen, I am sure you will desire 
me to offer our best thanks to Captain Bacon for the admirable lecture and the great amount of 
information he has conveyed to us on a subject which, as far as I am concerned, I knew very 
little about before, and I trust there are many here who have been instructed as I have been by 
the information he has given us. In conveying the thanks of the meeting to him, I feel sure that 
the Transactions will be enriched by the admirable information he has given us in his lecture 
and his later observations, both of which will be highly valued by all those who take an interest 
in this most important subject. 


