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Metal under water; to cut or not to cut, that is
the question
Jaap Stenger, Brecht, Belgium
Underwater cutting of steel was in the
past (and still is for a large part) a task
for divers. Different methods and equipment have been developed. Our Belgian
member Jaap Stenger has sent us this
article about cutting through the years.
Jaap founded Benelux Diving Corporation in Antwerp in 1967 and was diver,
owner and managing director for this
company until he retired 40 years later
in 2007. Among other tasks the company
did a lot of underwater cutting and Jaap
is an expert on this special field of underwater work.

Introduction
Nowadays almost every technical application can be adapted to function underwater. As soon as it became possible to send
a diver down in relative comfortable conditions (let's say about 1850) it became apparent that special adapted equipment and
tools were needed.
Of cause we must not forget the merit of
the “bell divers” who already before this
date had thought out all sorts of ingenious
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to be a manual for uw cutting. But too many
people still have no idea how it is possible
to cut under water with another tool then a
hacksaw!
As I have allready mentioned, my
comment about cutting torches comes from
my personal experience and I am certain
that many divers have done a lot of valuable
work with other torches. Mea culpa!

I agree that all this sounds spectecular
but in practice if you follow the logical
sequence of the operation there is no problem and you have a very powerful and
reliable underwater torch at your disposal.
I have used this torch down to app. 10 m.
The author in the work suit
contraptions to work from underneath their
bell!
Many tools were invented on the spot by
the men that did the job.
But as the people that built more complicated equipment, such as cutting tools, usually don't go underwater themselves, advice
from the divers was (and still is!) extremely
valuable.
According to www.weldinghistory.org
the first underwater cutting by use of a torch
should have taken place around 1915-16.
Hereby I would like to present you a
summary of how metal was cut during the
last 100 years.

Part 1
What tools are at our disposal??
Explosives
Gas cutting torch
Oxy-arc cutting torch
Thermic cutting torch
High pressure water/abrasives jet
Diamante cable

along a shotrope the torch is handed over
to him.
The tender uses a stick that has a rag
attached to it with a small quantity of gasoline. As soon as the diver has opened the
O2
the torch with the burning rag. Consequently
the diver puts the torch under water.

Cutting with explosives - is certainly the
oldest way to cut something underwater. I
refer to a certain Colonel Pasley who used
metal canisters filled with gunpowder to
remove the wreck of the Royal George (and
others) in Portsmouth harbor. (See “The
Infernal Diver”, by John Bevan)

I think that the use of underwater gas
cutting torches will be restricted to local
jobs, shiprepair (like clearing of fouled
propellers) and other shallow water work.
The gasoline torch is an excellent piece
of equipment but I am afraid that it will not
be used any longer. There is not enough
cutting work to cover the training costs of
divers and surface personnel and when it is
not handled properly it could become dangerous.
Oxy-arc and thermic torches will be used
as the main underwater cutting techniques,
even offshore when it cannot be avoided!

Epilogue
One last technical remark. Acetylene gas
you cannot use it under pressure (max.
waterdepth 5m!) because the composition
will become unstable and will explode!
I hope that I haven't bored you with too
many details and this document is not meant
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A part of my collection.
1: American Schräder hydrogen torch, 2: Dutch hydrogen torch from the company
“Loosco”, 3: Griesham gasoline, 4: American Victor hydrogen torch, 5:Manufacture
unknow but Swiss made and possible for acetilene as the lowest cock on the right has
the letters AC next to it, 6: Picard propan
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Heating oxygen
Cutting oxygen
Gasoline

Cutting oxygen

Heating oxygen

Griesheim torch head

ner (9 bar) and as long as all connections
are tight there is absolutely no danger.
The gas pressures must be regulated on
the surface with all cocks completely open.
This is the case for all the gas torches and
it is very important to have all gauges correctly calibrated!
Of cause you cannot do this with the
this is done by opening the cock of the torch
when the Nitrogen pressure is on and you
close it as soon as you see the gasoline
coming out. Check again that all connections
are tight!
Now is the time to dress the diver and
when he is ready in the water to descent

”Griesheim” gasoline oxygen cutting system

Cutting off battleship H.M.S.Valiant’s inner screw shafts in 1944 by use of
the Siebe Gorman B.O.C. oxy-hydrogen underwater cutting torch (Robert
Davis: Deep Diving and Submarine Operations 1955)
It is not the purpose of this summary to
go too deep into cutting techniques with
explosives.
But explosives are certainly a very useful
and it becomes too difficult or too dangerous
to continue.
In the book “Ordeal by Water” written
by a certain Peter Keeble, a Royal Navy
salvage master in the Mediterranean at the
end of the 2nd world war you find the following report: ”The propellers and rudders

of the battleship “Valiant” were severely
damaged by the breaking up of a dry-dock
and two out of four had become useless so
the ship could no longer function because
of the vibrations caused by the drag.
Together with his chief diver he managed
to cut off both propeller shafts and brackets
with a gas cutting torch. The pieces represented a weight of 40 tons! So they finished
the cut with explosive charges as you can
well imagine how dangerous it would have
become for the diver to do this with his
torch”.

Courtesy of David Dekker
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feeble propane pressure!) but this was generally enough for inshore work. Under winter
circumstances you can heat the propane in
a barrel of hot water.
The controle unit became obsolute because of its weight and because you no longer
had to fear H2 explosions.
Of cause from then on you had to regulate
the right pressures by hand to the correct
waterdepth.
This is very simple; just add the water
pressure to the original settings; 0,1 bar for
every meter + 0,1 bar to be sure that the
pressure is not too low. Down to 10 m you
could light the torch on the surface but there

Oxygen-hydrogen cutting apparatus (The Diving Manual 1943)

because of the pressure difference.
So in the next fase you lighted the torch
underwater.
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The original Picard had a “pilot light”, a
small nozzle that you could light on the
surface before lowering the torch into the
water. When you arrive at the work location
you open the main flame.
This was a very good idea; only more
you had to go back to the surface to relight
it! When you are in a tunnel and 15 m underwater this is very bad for your nerves!
Another and simple solution is. You go
to the work location with an unlit torch and
light it with the spark of an electrical wire
and a car battery.
The last Picard torches were built around
1970 and from then on it became necessary
to go to a specialised machine shop for spare
parts. Of cause the torches that we used did
no longer looked like the one in the photograph on page 10! Handle and pilot light
were removed and in the latest fase only the
head with a small handhold and the cutting
cock remained. The two cocks for the fuel
2 were installed on their

hoses app. 50 cm behind the diver. (he only
had to close them when he wanted to stop)
- see below.

- Clients looked doubtful and asked: Are
you sure that this contraption works?
App. 15 years ago a “new” gas cutting
torch appeared on the marked the so-called
PVL torch. It works perfectly because it had
the Picard cutting head! You could even
interchange the different parts.
Gasoline torch
There are only two hoses; gasoline and
O2 . The O2 hose branched of into two separate sections app. 50 cm before the torch
into O2
2 cut.
The torch has 3 heads that can be interchanged from straight to an angle of 45 or
90 degrees to be adapted to the work.
The gasoline is brought under pressure
with nitrogen in a special (airtight!) contai-

Griesheim gasoline oxygen torch
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Picard automatic gas control unit
Dryer filled with silicagel
Oxygen for cutting

6 bar

Valve 3.75 bar

0.75 bar
Hydrogen bottles

Oxygen bottles 150 bar

Oxygen for heating
Hydrogen for heating

To torch

Oxygen

Hand wheel
Pressure regulator
cutting oxygen

Pressure regulator
heating oxygen

Pressure regulator
hydrogen

Connected to divers
air supply (pressure
at depth)

Output pressures are adjusted manually by adjusting the spring tension by turning the hand wheel

O2
2 cut 6 bar (depending on the thickness of the steel to be cut.)
The control unit has a unique feature that
divers handpump (helmet diving) which
means that they adjust themselves automatically to the waterdepth where the diver is
working. (for instance a vertical cut from
the surface to max depth could be made
without touching the regulators. For your
information: the German Dräger company
used the same principle for the regulator
that provided breathing air to the diver.
Should he fall to a deeper location the regulator compensated automatically to prevent
a “squeeze”).
You can connect 3 O2 and 3 H2 cylinders
so that the diver can continue working while
the cylinders are being replaced. The O2
passes through a silicagel dryer and for
safety the H2 pressure is reduced in 2 stages
by a supplementary regulator (from 150 to
60 bar)
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ufacturer changed the tip from H2 to propane. This was a huge improvement because
with 47 kg propane you can use app. 20
cylinders of O2. The working depth became
maximized to around 22 m (because of the

Diver using Picard torch

Salvage of wreck after cutting into sections

Underwater cutting of steel section

To finish the “explosive” part I just want
to mention that I attended a lecture where
we were shown a (military) application

water is blown out of the way and the flame
hits a dry surface.
You will see the color change to bright

filled with a very fast explosive, thus making
a pliable shaped charge.
According to the instructor it cuts through
30 mm of steel despite its feeble dimension
of 4x4 cm!

ing that the metal is melting.
And what now? Of cause we have forgotten an essential feature of a cutting torch.
In the middle of the mixing chamber a small
tube that is called the cutting nozzle is installed. The dimension of de hole in the
nozzle is determined by the thickness of the
steel to be cut.
Through this hole a jet of pure O2 hits the
melted metal causing it to burn and thus
making a hole in the plate.
By moving the torch carefully and steadily
in the wanted direction the cut is made.
Don't go too slow or too fast because the
cut will stop and you have to restart the
melting proces leaving an uncut section in
the proces
This technique you can only learn by
doing a lot of cutting! On a workbench in
clear water this is still not easy but not too
difficult but in cold water without visibility
in a layer of mud the situation unfortunately
changes rapidly!

The gas cutting torch - how and why does
it works?
When you are speaking about using a
often is: “How is it possible that a flame
can continue to burn?”
The answer is fairly easy; a flame needs
a fuel gas and oxygen, which means that if
this combination is available a flame will
burn anywhere. When you put a conventional torch underwater, the chamber where
the fuel gas and the O2 are mixed, gets
flooded and after some small explosions
the flame blows itself out.
The tip of an underwater torch is much
larger and around the inside nozzle a third
tube injects air (or O2) that prevents the
water from getting into the mixing chamber.
Now when we press the tip of the torch
against the steel where we want to cut the

During the past 100 years there have been
periods during which a lot of divers were
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Picard propane torch

Cofferdam in the Albert Canal at the town Genk and removing of box piles after cutting
at bottom level
needed to do cutting operations. Think about
all the wreckage of two world wars!!
In civil engineering it took a lot of work
(and money) to pull cofferdams back out
of the bottom with sheerlegs and steam
power.

An experienced team of divers could cut
sheetpiles and tubes much faster and cheaper, despite the loss of the steel remaining
in the bottom.
But the price of steel went up and electrical and hydraulic vibrators were introduced. Sheerlegs were replaced by pontoons

Now what makes the Picard torch so
special?

O2 is opened in the same way with a wheel
from closed to open also in 90°.

It has only 3 hoses and the “protecting
2”

The Picard has (or rather had) an automatic control unit. This needs some further
explanation as we are talking about historical
diving equipment. All pressures are preregulated on the surface: fuel gas 0,750 bar,

It has only one cock to open the gasmixture in 90° from close to open. The cutting

Cutting through a cofferdam from the
water side to fill the inside with water
6

A cut through 60 mm steel

Picard automatic gas control unit. After pre-setting the pressures with the torch on the
surface the unit will adjust the pressures to the depth by continuously and automatic
adding the pressure in the diver’s air hose to the pre-set pressures
11

Cutting the front section of Kursk using a wire with diamond covered pipe sections.
This cut was made from top to bottom because of the depth (120 metres). Photographs
with thanks to the Mammoet Company from their book Salvage of the Kursk.
Cutting with a diamond cable
I mention this method to make the list
complete.
A hundred years ago not too large shipwrecks were literally sawed in pieces with
an anchor chain between two sheerlegs on
each side of the wreck. If the diver could
start the cut with his torch where the chain
had to start (bilge keel!) it was a great help
when the sawing began.

Nowadays the chain is replaced by a
diamonds cable. The core is an ordinary
steel cable that passes through sections (app.
30 cm long) of diamonds covered tube.
Normally the cutting is done from the bottom
and up. First a guide wire is placed under
the wreck by directional drilling and then
the sawing is done with hydraulic cylinders.
This cable cuts through anything. It was
used to cut off the bow (titanium!) of the
Russian nuclear submarine Kursk.

Part 2
Let us have a closer look at what are in
my opinion two of the most reliable and
powerful uw torches: the Picard H7 (hydrogen) and P7 (propane) built in 1937 by the
French company L'air Liquide and the German gasoline torch built by the MesserGriesheim company. I don't know when it
the readers?)
This is a personal opinion and I am certainly not saying that other torches are no
good but so much depends on the preparations, the accuracy to regulate the gas pressures, the general know-how and the training
of the divers that the smallest mistake causes
a torch to malfunction.
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Picard torch. The pilot light can be seen
below the nozzle.

Diver using oxy-arc cutting torch
with large crawler cranes (draglines) equipped with spud poles instead of anchors and
cables so it now became possible to pull
sheetpiler and tubes out of the bottom much
easier and less and less steel was cut underwater.
In the 70ties one of the largest canals in
Belgium, the Albert Canal from Antwerp
to Liège was enlarged and 5 new lock complexes were built. Because of the large difference between the high and the low level
(10m) it was not allowed to pull the sheetpiles back out. My company got the contract
to do the cutting and we cut them faster than
the crane driver and his crew could manipulate the pieces. The total estimated length
for the 5 projects was more then 1,5 km!
Unfortunately the glory days of the gas
cutting torch are over.
The main disadvantage is the fact that
they are only practical in relative shallow
water. (25m) And secondly there is not

enough cutting work so the diving schools
now only train for electrical cutting.
Oxy-arc cutting torch - the main rival of
the gas cutting torch.
I think that the origin of the oxy-arc cutting system lies somewhere between the
two world wars.
An electric arc produces a lot of heat
which means when the electrode touches
the metal it instantly melts. The cutting
electrode or rod is nothing more than a thick
walled tube.
Once you touch the metal you open the
O2 and the flow hits the melted metal and
cuts right through and you can start to cut.
The oxy-arc system as well the thermic
system cuts non-ferrous metals as well; only
in this case the melted metal is blown away
instead of burned away.
As the cutting rod consumes itself it is
very important to replace it in time otherwise
you can damage the tip of the torch.
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Old Russian oxy-arc cutting torch

Now I hear a question coming up: “How
is it possible that you are not electrocuted
like in the electric chair?”
There are 2 different types of electrical
current: The current we use at home is called
alternating (AC) current. NEVER use this
under water. The shock that you receive
interferes with your heart rhythm.
The second type is called direct current
(DC) and under 50 Volt you can use this
underwater. Of course all equipment has to
be isolated.
The oxy-arc is a very powerful tool and
it works the best with a 500 A (or more)
generator.
What's more? - there is no depth limit.

The thermic cutting torch - is more or
less based on the same principle as oxy-arc
cutting.
The torch is exactly the same but the
electrode is a thin walled steel tube instead
of the solid oxy-arc tube. The tube is filled
with a number of small steel rods (1mm).
For higher temperature and more efficient
cutting some of the steel rods can be replaced
by magnesium or aluminum rods.
The difference is that the electrode burns
by itself once you have lit it with an electric
arc and a flow of O2 is maintained. For
shallow water work you can light it on the
surface with a gas cutting- or welding torch.)
The metal to be cut is melted and at the
same time burned and blown away by the
heat of the burning rod and the oxygen flow.
You need a much smaller generator and
even a large car battery will do the job.
Theoretically once it burns you can turn off
the current. The system works OK for light
work and for emergency operations.
To eliminate the replacement of electrodes
experiments were undertaken with a steel
cable inside a plastic hose or sleeve. The
idea is sound but the cable started to burn
faster than the sleeve and because of the
control. On top of that the cable was terribly
Expensive.
This does not mean that it is no good but
I have never used it for an actual job.

Patented thermic cutting torch
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Cutting with high pressure water/abrasives
- has the advantage that this jet cuts
through anything. It was partially developed
by a Belgian colleague (Deco diving).
In the cutting nozzle the high pressure
water is mixed with a very special granite
"sand" found somewhere in Africa.
Ordinary sand turns to dust when it hits the
steel because of the enormous speed caused
by the extremely high pressure. Consequently it looses its cutting power. Only
high pressure water is not enough to obtain
the same results.
Practically every task needs a special
preparation and the high pressure pump is
a heavy and delicate piece of machinery
with a huge engine so the operation is not
cheap. It also is slower than the other cutting
techniques. Today the working pressure is
3000 bar, the pump can go to 3800 but they
haven't yet found a hose that can handle
this.
But there are several unique advantages:
You can cut through concrete and steel
at the same time. (imagine 300 mm
concrete on top of 30mm steel!)
You can make a thoroughly machined
cut with a predetermined angle. (For
rewelding or for making precision holes
for heavy lifting.)

The high pressure watercutter can make precision cutting. Here the the pipe is cut and
shaped for welding in one operation
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