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INTRODUCTION 

A deep sea diving program with a vehicle such as the 
Navy's first true submersible,  the bathyscaph TRIESTE, 
can provide three basic "products": 

1. Scientific information 

2. Technological information 

3. Operational information and techniques 

The quantity and quality of each of these will vary with the 
design and mission of the particular vehicle.    The bathy- 
scaph TRIESTE is primarily a scientific vessel,  and its 
scientific product has already been covered by various 
publications many of which are cited in the Bibliography 
at the end of this report.    The major purpose of the present 
report is to cover the other two products of the TRIESTE 
program,  namely the technical and operational information 
that the deep sea diving program has yielded.    This report 
deals with the period 1958 to 1C61; it includes a technical 
description of TRIESTE,  a summary of the 1960-1961 
reconstruction,  an outline of the personnel organization 
and support facilities that were found necessary for opera- 
tion of the vessel and,  as appendixes,  a chronology of the 
TRIESTE program and a diving log. 

Tt is hoped that the information given here,  particularly 
the techniques developed and the lessons learned at sea, 
will be or help to those charged with developing the next 
generation of research submersibles, for nothing else can 
replace the experience obtained while working deep in the 
ocean in such a craft. 
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OPERATIONAL PRINCIPLES OF TRIESTE 
The principle of the bathyscaph TRIESTE is basically 

the same as that of a free balloon operating in air.    The 
two major assemblies of the bathyscaph,  the float and the 
sphere,  are analogous to the balloon (gas bag) and the cabin 
of the free balloon.    The differences in construction of the 
submersible and the airborne balloon arise only from the 
different environments in which the vehicles operate. 

The balloon (float) of the bathyscaph is filled with a 
buoyant substance that is considerably heavier than the 
helium or hydrogen normally used in the aeronautical free 
balloon.    Because the bathyscaph has to function in an envi- 
ronment where pressure increases with depth,  the buoyant 
substance must have low compressibility; thus,  helium or 
hydrogen are totally unsuitable.    Also,  the buoyant substance 
must not add so much on-board weight that it would be 
impossible to lift the craft out of water and,  preferably, it 
should be a liquid that can be pumped from the balloon casing. 
The fluid used in TRIESTE and,  for that matter,  all bathy- 
scaphs at present is aviation gasoline,  a liquid with a specific 
gravity of approximately 0. 7,  which is readily obtainable 
almost anywhere in the world and can be easily handled and 
stored. 

With the gasoline removed,  TRIESTE'S weight is a 
manageable 50 tons; with the gasoline aboard,  the craft 
weighs some 150 tons.    Because of its weight,   even in the 
unloaded (50 ton) condition,   it is not feasible to transport 
the craft to the diving site on shipboard as few ships have 
sufficient lilting capacity.    Instead,  the craft must be towed 
and,  in fact,  it must remain waterborne at all times when 
it is operational.    Therefore,  the bathyscaph's balloon was 
made sausage-shaoed to provide a streamlined body for 
towing.    If it were possible to take the craft to the diving 
sit e on board a ship and there lower it into the water,  a 
spherical shape would provide better streamlining for the 
diving operation. 

S; ice the bathyscaph must be towed at sea and moored 
alongside piers in port,  the rubberized fabric used for con- 
struction of the conventional airborne balloon is not satis- 
factory for its float.    Instead,  the float of TRIESTE is made 
of thin steel (0.2 inch thick),  which provides a lightweight 
but strong shell and prevents loss of its contents from abra- 
sion against the pier or towing strain. 
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The use of aviation gasoline does pose some problems 
in that it is more compressible than water.    Since its steel 
shell is rigid,  the float has to be pressure-compensated to 
avoid its being crushed as the gasoline is compressed during 
descent.    As the craft descends into the sea,   a two-way 
"breathing" valve fitted in the float opens inv   rd and allows 
sea water to enter the float.    The sea water,     eing more 
dense than the gasoline,   sinks to the bottonr   >i the float. 
As the craft returns to the surface and the outside pressure 
decreases,  the valve opens outward and the expanding gaso- 
line forces the sea water back out through the valve.    In 
this way,  the thin-shelled balloon is pressure-compensated 
at all times.    The compressional loss of buoyancy is of 
such a magnitude that approximately 1 ton of ballast must 
be dropped for every 3000 feet of descent to maintain equilib- 
rium. 

The cabin (sphere) suspended beneath the balloon of the 
bathyscaph is quite similar to the cabin of an airborne bal- 
loon.   The prime difference is that the latter is designed to 
maintain atmospheric pressure inside as the external pres- 
sure decreases,  while the former is designed to maintain 
atmospheric pressure as the external pressure increases 
(up to 16, 000 psi at 35, 800 feet).    The sphere has thick 
enough walls to maintain atmospheric pressure at all times 
irrespective of depth.    The sphere is the only pressure- 
resistant assembly on TRIESTE; all the other devices are 
pressure-compensated.    The reason for pressure-compen- 
sating the other devices is as follows.    In TRIESTE,  all 
buoyant force is derived from the lift generated by the 
fixed quantity of gasoline; this lift decreases (through 
compression) with the depth.    Subtracting the constant 
(structural) weight of the craft from the variable lift,  we 
are left with a variable payload.    Therefore,  any reduction 
of the structural weight will be repaid in ability to carry 
more payload. 

For diving,   it is necessary to make the craft only 
slightly negatively buoyant,  which is done by flooding the 
tv/o small ballast tanks,  one located at each end of the 
float.   These tanks operate in a similar fashion to ballast 
tanks on submarines. 

Prior to going to sea,  the bathyscaph is given an 
equilibrium test to determine its exact buoyancy trim.    An 
actual test dive is made alongside a pier to determine how 
much negative buoyancy the craft will have when the end 
tanks are flooded.    The trimming of the craft is accom- 
plished through external addition or subtraction of lead 



pigs and the addition or subtraction of water ballast inside 
the float.    The water ballast in the gasoline tanks permits 
varying the loading of TRIESTE to compensate for addition 
or subtraction of large amounts of weight.    For example, 
if the float were full of gasoline and the craft in its light 
load condition with no scientific equipment aboard other 
than its basic instrumentation suit,  the craft would require 
a topside loading of several tons of ballast to enable it to 
dive.    This variable load arrangement allows the craft to 
carry a wide range of external equipment for various opera- 
tions. 

The diving procedure is simple.    When the bathyscaph 
has been cast loose from the towing vessel,  the handling 
crew and the pilct go aboard and rapidly go through the 
predive checks.    When these are satisfactorily completed, 
the pilot and observer enter the sphere,  closing the heavy 
door behind them.    When the topside handling crew receives 
information frcm the men in the sphere that they are ready to 
dive,  the handhng crew floodn the entrance tube with water 
and then floods the end tanks by opening the topside vents 
at each end of the float.    The entrance tube is flooded be- 
cause it is of no use to the crew during the dive,  while the 
alternative of making it pressure-resistant would result in 
a tremendous structural weight penalty.    The flooded en- 
trance tube actually acts as a third ballast tank.    Upon 
surfacing,  the pilot can blow the water out of the entrance 
tube by compressed air,  and can let   himself and the ob- 
server out. 

With all three "tanks" flooded,  the bathyscaph begins 
its slow descent into the depths.    As soon as it sinks be- 
neath the surface,  the spring-loaded breathing valve goes 
into action and begins to admit sea water to the float as the 
gasoline is compressed.    The deeper it goes,  the more sea 
water flows into the float and the heavier it becomes.    To 
moderate the craft's speed,  it is necessary in some fashion 
to get rid of weight.    It is not feasible to blow sea water out 
of the end tanks because very high pressure air would be 
required.   One can imagine the size of the air bottles that 
would be needed to blow the end tanks against an ambient 
pressure of 8 tons per square inch!   Therefore,  the ballast 
system employs the dropping of mass weights from two 
ballast tubs located in recesses at the bottom of the float. 
Each tub contains 8 tons of steel shot ballast,  the same 
material that is used in industrial establishments for scaling 
steel,  etc.    The steel is hard and has good magnetic prop- 
erties.    At the bottom of each tub is a funnel-like orifice 
surrounded by a coil winding.    When the coil is electrically • 
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energized,  a magnetic field is created in the orifice and 
the shot cannot drop.    When the circuit is opened,  the 
magnetic field no longer exists and the ballast drops.    By- 
means of these magnetic valves,  careful control can be 
maintained of the ballast dropping process.    Because of its 
fine particle size (about the size of a MBB"),  the ballast in 
water acts much as a dense fluid rather than as a collection 
of individual weights.    At the rate of 1 ton per 3000 feet, 
the 16 tons of steel shot ballast carried by the bathyscaph 
is more than enough for even the deepest dives,  and pro- 
vides an adequate safety factor.    In addition,   should the 
orifices become clogged in some way,  the ballast tubs can 
be jettisoned by throwing a switch inside the sphere. 
Switches are fitted to the magnetic valve and the tub holding 
circuits,  permitting reversal of polarity in these circuits 
to obviate problems caused by residual magnetism.    To 
date,  it has not been necessary to employ either of these 
emergency measures. 

To maintain stability of the bathyscaph at a midwater 
point,   it is necessary to alternately drop ballast and re- 
lease gasoline.   At a depth of 1000 feet, for example,  the 
craft gradually becomes heavier due to slow cooling of the 
gasoline.    The pilot, therefore,  has to continuously meter 
out ballast to maintain his position; should he meter out 
slightly too much ballast,  the craft would begin to ascend 
and,  as it headed for the surface,  the expanding gasoline 
would cause an increase in speed and,  finally,  the dive 
would be aborted.   To prevent this happening,  the float is 
fitted with a separate 1200 gallon gasoline tank called the 
maneuvering tank from which the pilot can release gasoline. 
This tank has a magnetically activated valve that permits 
the gasoline to flow out and sea water to displace it.    Also, 
it is isolated from the rest of the system so that,  if the 
valve should fail,  the craft could not lose all its gasoline 
load and become too heavy to come back to the surface. 
With all the gasoline evacuated from this small tank,  the 
bathyscaph is 3Ü00 pounds negatively buoyant.    Thus,  even 
if the valve should jam open,   only 3000 pounds of buoyancy 
would be lost,  and this would not be a problem as the 
empty ballast tubs weigh more than 1500 pounds each. 

An additional maneuvering feature was added during 
the recent reconstruction.    Vertical motors were fitted, 
one in each of the two ballast tanks at the ends of the float. 
These vertical motors operate in a tunnel or tube and exert 
a vertical thrust of some 200 pounds in either direction. 
Activation of these motors assists in maintaining the bathy- 
scapn in a hovering position.    By combined use of these 
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devices (ballast,  gasoline, and motors), the bathyscaph 
can be maintained in a midwater position within 10 or 15 
feet of the intended depth.    However,  much still depends 
on the proficiency and experience of the pilot. 

Landing on the sea floor is accomplished easily through 
the use of a Fathometer which gives some 200 fathoms of 
warning before actual contact with the sea floor.   The pilot 
can watch the Fathometer and gauge his rate of descent so 
that,  as he approaches the sea floor, he can slow down to 
a rate of a foot or so per minute and make a smooth landing. 
Normally,  at about 2 00 feet from the I)ottom, the outside 
lights are turned on,  and at 60 feet the pilot is able to see 
the back reflection of the bottom through the front window. 
At 30 feet,  he will see the bottom.    With this slow rate of 
descent,  he can easily abort the landing by the control 
method described in the previous paragraph if the presence 
of a large rock structure or some other undesirable terrain 
feature should make landing unfeasible.    He would then turn 
on his propulsion motors, move to another area, and try 
the landing again. 

Another device borrowed from aerial balloon opera- 
tions and used for the landing is a guide rope consisting of 
an 80-foot steel cable that is suspended beneath the bathy- 
scaph.   If the craft is trimmed so that it is only a few pounds 
heavy as it approaches the sea floor,  it should attain equilib- 
rium riding on the end of its guide rope through the loss in 
negative buoyancy as the cable gains support from the sea 
floor.   This equilibrium,  of course,  is not permanent 
because cooling of the gasoline will eventually make the 
craft heavy and cause it to settle to the bottom.    The pilot, 
by manipulating the shot valve,  can counteract this effect. 
The guide rope also tends to provide a lateral stabilizing 
effect,  if there is any current at the bottom,  by acting as 
a sort of "sea anchor."   Finally,  the pilot can throw a 
switch and jettison the guide rope by means of a magnetic 
release,  if it should become fouled on the bottom. 

Upon completion of observations at the bottom,  the 
pilot releases ballast,  watching the Fathometer and the 
sea floor.    As th- craft starts to leave the bottom,  he stops 
dropping ballast.    The craft will become lighter once the 
ascent is started,  gradually accelerating as it goes upward. 
Release of only a modest amount of ballast is normally 
required for ascent.    There is no control over the ascent, 
and this part of the operation is normally not scientifically 
useful.   The only way the bathyscaph could actually be 
slowed would be to release gasoline from the main tank 
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system,  which would,  of course,  lead to obvious problems 
if the pilot were not careful.    The release of gasoline from 
the small maneuvering tank,  which is dependent on dis- 
placement by sea water,  is insufficient to appreciably slow 
the craft's ascent once it starts to accelerate toward the 
surface. 

The uncontrolled ascent is perhaps the most dangerous 
part of the bathyscaph operation and the prime reason why 
the surface ships must remain well clear of the diving 
point.    Standard procedure for the surface ships is to 
stay at least 4000 yards from the diving point to avoid 
collision with the ascending TRIESTE.   It is hoped that, 
at some time in the future, a portable sonar may be fitted 
to the project work boat to allow it. to "see" TRIESTE as 
it ascends.    Present procedure calls for keeping the work 
boat at the diving point to maintain underwater telephone 
communications with the bathyscaph.    The intensity of the 
underwater telephone signal is a fairly good gauge of the 
proximity of the bathyscaph and,  if the latter appears to 
be too close,  the work boat can move away from the diving 
point. 

Finally,  it must be remembered that the bathyscaph 
is not a submarine.    It has neither the mobility nor the 
controllability of a submarine.    Whereas a submarine may 
be regarded as analogous to a dirigible or a blimp,  the 
bathyscaph may be considered to be a lighter-than-water 
free balloon.    The craft is at the mercy of currents and is 
limited mostly to "elevator" type operations,  such as inves- 
tigations of the water column from the surface to the sea 
floor and detailed studies of the sea floor at the base of the 
water column.    The bathyscaph type of configuration does 
not lend itself to survey work. 
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provide vertical motion either ascending cr descending,  and 
one is installed athwartships for turning.    The motors all 
drive propellers through gear boxes.    Special features of 
the motors include epoxy coating of the armature to lessen 
windage losses, and helical grooving of the commutator to 
provide a wiping action on the carbon brushes to prevent 
excessive buildup of an insulating oil film between brushes 
and commutator.    As mentioned before,   motor control is 
effected via control circuitry from the sphere to the topside 
control box. 

Motor   locations 

Ballast 

The ballast system of the bathyscaph consists of two 
steel ballast tubs located in recesses in the bottom of the 
float. Each tub is held in place by a chain that passes up 
through the float and is attached to a large electromagnet 
on the topside of the float. This system gives the operator 
the opportunity,   in case of emergency,  of jettisoning the 
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