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DEEP DIVING TRTALS 41962

SUMMARY

Trials were carried out in a Norwecgian fjord in the Summer of
1962 with the object of developing a technique for diving with

Surface Demand Diving Equipment from a submersible Decompression

Chamber, to depths as great as 1,000 ft, The trials consisted of

two parts. Part I to extend to oxy-helium mixtures a technique
already proved for air dives to lesser depths. Part II to test new
decompression schedules which were aimed at reducing the time under
pressure in order to make this type of diving a practical proposition
operaticnally., In the event, for lack of a satisfactory decompression
schedulc, the maximum sea depth reached was 300 ft,.

CONCLUSTONS

2. It is considered that diving from an S:D.Cs using S.D.D:E. is -
a safe and practical method to depths down to 250 ft. on air, with
or without Transfer Under Pressure facilities, in sheltercd water
without strong tides.

3, The safety precautions taken during these trials should be
taken in future trialse

Le The decompression schedules using air after oxy-helium dives
appear satisfactory if the interval between dives is sufficiently
long - of the order of four dayse

5 The decompression schedules using oxygen after oxy-helium dives
appear satisfactory for dives 72 hours aparte They may be
satisfactory for dives at shorter intervalse

RECOMMENDATIONS

6 As a result of Part I of the trials it is recamended thabi—

(2) As proposed in AEDU Report No. XXVI further trials of this
method should be carried out where tides are strong and
underwater visibility lowe

(b) If the technique can be proved in sheltered waters to depths
of the order of 1,000 ft. consideration should be given to
much more radical measures, such as an athwartship gentry
or a submarine with a "wet and dry" egress, to allow its use
in open waters

(c) The air storage and supply system in H.leS. RECLAIM should
be modified to permit storage and use of helium with a
simple, straightforward system.

(d) That "Dead Load Testers" should be supplied to all ships
and authorities with Recompression Chambers
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As a result of Part II of the trials it is recommended that :-

(2) An intensive effort should be launched to prove new
schedules on oxy-helium as far as is possible in the RaC.Ca
to enable deep living in the sea to be continued as soon
as Holl 8, RECLATM is again available,

(b) These trials should also aim to establish clearly the
mininmun acceptable period between oxy-helium dives.

(c) In 2ll future trials of decompression schedules in the
RsCeCu the divers should exercise while on "chamber bottom"
beflore the schedule is accepted for use in the seao

(3) Divers should be given extra pay for experimental divess



INTRODUCTION

8 Deep Diving between depths of 180 ft. and 450 ft. using helmeted divers
and specially equipped ships (H.M. Ships RECLAIL and KINGFISHER) was dis-
continued at the beginning of 1959, Diving in the Royal Navy was limited

to 180 ft. =~ the maximum depth required for liine Countermeasurcs Worke.

Since 1959, however, it has become increasingly apparent that there is a
requirement for divers to be able to operate to depths considerably in
excess of 180 ft. for such tasks as helicopter recovery, recovery of other
crashed aircraft and missiles and possibly submarine escape and salvagee

It was also considered that with the advent of S.D.D.E. and making use, in
the first placc, of the Transfer Under Pressure system in HeM.S. BECILAIM

it would be possible to operate divers with considerable mobility to a
depth of 360 ft, and with limited mobility to depths as great as 1,200 ft.
Proposals to continue research into Deep Diving were accordingly put forward
by the Superintendent of Diving in January, 1962 and, in May, Board Approval
was given to start a programme of trials with the above aims in view,
HISTORY .
9¢ In 1933 a report was issued by the Committee appointed by the Admiralty
to consider and report on the equipment required for the provision of Deep
Diving and Ordinary Diving in H.li. Service, Before this date flexible dress
diving was limited to a depth of about 200 ft. Ordinary Standard Suits were
used with hand punps and the decompression tables only went to 204 ft. As

a result of the trials carried out by the Deep Diving Committee special Decp
Diving Committee special Deep Diving equipment was introduced. This included
carbon dioxide absorption apnaratus and the submersible Decompression Chambers
A new decompression table, Table III, was also introduceds This used oxygen
for the later stages to shorten the decompression time. A new limit of 300ft.
was established and, although greater depths were achieved during the trials,
it was recommended that for the time being this depth should not be exceeded
for this type of diving.

10 No further deep diving trials were carried out between 1933 and the
outbreak of war, but the techniques established were exercised annually until
1939, They were noct used operationally until 1946,

11, After the war it was clear that Deep Diving in the Royal Navy should be
brought up to date to take advantege of the very extensive experimental work
undertaken by the Admiralty Experimentel Diving Unit between 1942 and 1945.
War experience had also shown that submarines with "crash" depths far in
excess of 300 f+. were needed, There was therefore a requirement for divers
to go deeper as wells For the next three years, first with ik S. DEEPTATER
and then, in 1948, H,1S. RECLAIM, a series of trials was carried ocut with
the aim of achieving greater depths for flexible suit diving, These
eculminated in a dive to 535 ft. in 1948, The programme, conducted by the
Superintendent of Diving as head of the Admiralty Experimental Diving Unit,
was backed by the resources of Royal Naval Physiological Laboratory and the
Underwater Physiology Sub-Committee of the Royal, Naval Personnel Research
Cormittee. At the end of these trials it was concluded that the safe and
efficient working depth could be extended to 360 ft. using oxy-helium
mixturess

12, The next seven years were devoted mainly to consolidation and to
introducing the improvements recommended in 19L8, The depth for efficient
work was extended to 410 f4, although it was stated in 1954 that routine
diving beyond 400 £t. could not be regarded as safe or practicable until a
transfer under pressure system from the S,D.Ce to the R.C.C. was installed
in Deep Diving Ships. The primary reasons for this weres—
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(1) For the treatment of bends appearing before the surface was reacheds
(ii) To allow the diver to complete long stops in greater camforte
(iii) To release the S.D.C. for further divinge

13 In 1956, as well as continuing dives in the 40O £+, range, one dive to
600 ft, was carried out to prove that limited worlk, such as shackling on the
downhaul wire of the Submarine Rescue Bell, could be done at this depth.
Although this dive achieved its aim, the importance of a transfer under
pressure system was again demonstrateds In 1957 and 1958 deep diving train-
ing continued but experimental work was devoted to various trials in
shallower depths. In the Summer of 1959, however, the transfer under
pressure system was fitted in H.M. S. RECLAIM but by the end of the year the
decision was made to discontinue deep diving in the Royal Navys AcFsOs
532/59 outlined Admirelty policy and at the same time forcoast the gradual
replacement of Standard Diving Equipment in the Fleet. The last course to
qualify Naval ratings as Standard Divers was completed in 1950,

14s Thus in May 1962, when Board approval was given to continue research
into Deep Diving, the situation was as follows:-

(i) A technique for deep diving in special deep equipment using oxy-
helium mixture to depths of 400 ft. existed, but the equipment
had been disposed of,

= ii)Tha ReNo Diving Manual contained stoppage tables for oxy-helium
diving to 500 f't,

(iii) Only a Limited number of ships still had Standard Diving Equipment
~ with its normal limit of 180 ft. = and the pool of divers
experienced in both Deep and Standard Diving was gradually
dwindlinge :

(div)He M. Se RECLAIL, still available for part of her time for diving
trials, was equipped with an 8.D:Cs and T.U.F. system but all her
Deep Diving and Oxy-helium equipment had been removeds

15« It was clear that a new approach was necessary which would take
advantage of the new equipments that were being introduced into the Service
and the new generation of divers whose training was entirely in self-
contained equipment or surface~-supplied demand valve equipments. Trials in
1961 had successfully proved that divers using S.DsDeE. could operate from

an S.D.Co lowered to the vieinity of the job in depths dovm to 180 fte

(AEDU Report Nos XXVI)e This proved a straight-forward and popular technique
in sheltered waters. The aim, therefore, when the 1962 trial began, was to
extend this technique to greater depths using oxy-helium mixture after 250 fte

CONDUCT OF THE TRTALS

16s The trials extended from 25th May to 23rd July, 1962, There were two
reriods in H.l.S. RECLATY, about a month apart, and during the interval same
Recompression Chanber dives were carried out in the Royal Naval Physiclogical
Laboratory. The trials cen be divided into two main perts which took place
concurrentlys e

Part I - To develop a technique for diving on oxy~helium mixtures
using S.D.D-IEB from an SQD.G’

Part IT -« To prove decompression schedules.
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PART I TO DEVELOP 4 TECENIQUE FOR DIVING ON OXY-HELIUM MIXTURES

USING SaD.D.E. FRO;\‘[ AN Sme O-

17 The method for Part I was based on the technique used for the trials to
180 fte carvisd ont in July, 1961 and reported in AFDU Report Nos XXVI. The
important difference was the need to supply oxy=heiiun to the divers at
depths greater than 250 ft. For this series of trials air was used as the
gas in the S,1.C. and the divers were provided with S.D.D:E. sets supplied
from a bank of fourteen 150 cuafte cylinders mounted outside the S.D.C.

For work-up dives these were filled with air at 2,400 1lbs.peresdeine. and
for dives deeper than 250 ft. with 57 oxygen/95% Helium. . In the latter case
the pressurc rarely exceeded 1,000 lbs.persSgeine During the descent and
ascent the oivers breathed S.D.C. atmospheres The SuDeD.E's were used when
they left the S.D.C. and could be used in emergency while inside ite

18, The trials took place in Sor Fjord, some ten miles north of Bergen, in
the vicinity of the village of Utre Arne. Depths of over 1,500 ft. are
available in this area and in practice, after the very first dives, the
8.D.C. was never near the bottome By mooring the ship in a depth well in
excess of that required the need to move her whenever a new diving depth was
wanted was obviated. By instructing the divers to swim at a depth level
with the bottom of the SeDeCe an accurate indication of their depth was
obtained. In this sheltered area where tide and weather had no effect on
operations the technique used proved entirely successful both for work-up
dives at 180 ft. and 250 £t. on air and for 300 fte. dives on oxy-heliume

The divers did not in fact do any herd work, merely swimaing round the S.D.Ce
but in such circumstances this method proved both straight-~forward and
popular. In due course it will be necessary to carry out trials in water
where tides are strong and visibility lowe

PROCEDURE

19, The detailed drill is given in Appendix 6« The procedure Was as
followss At the start of the day's diving the S.D.C. was hung above the
upper deck while gear was checked, vent valve checked closed, communications,
1ight, air pressure eto. tested and the turns taken out of the S:D.D.E. air
pipes. It was then hoisted over the side and lowered until the bottom was
about 2 foot below the surface, It was also returned to this position ready
for subsequent dives on completion of T.UsFe and blowing downe The divers
already wearing UsS.Ds then entered the water from the diving door and

ducked into the S.D.Ce Once in, they put on their fins, tested canmunications
and reported ready. Normally the diver would then put on his S.D.D:sE. set,
except for the face mask, and sit with his feet dangling through the lower
door. Before lowering, the supply valve to the S.D.C. on the panel was opened
fully while the control valve in the S.D. C, was closeds While going down
the attendant in the S.D.Ce kept the water level down to about 6 ins. to

1 £+, sbove the lower doore The order to lower was given by the S.D.C. panel
operator and the S.D.C. was lowered at a speed of 100 ft. per minates .

This was achieved by varying the winch speed between that obtained by the
5th and 6th stops. Preliminary trials had been carried out to confirm

that this speed of lowering, which was required for physiclogical reasons,
could be achieved. It was found that the chamber could be lowered at this
speed without difficulty and there was no need for extra ballast or other
messures. Various methods of checking depth were tried but the me thod
finally used was to merk the winch wire with seizing wire and check this by
counting the revolutions of the winch drum (using a home=made abacus)e

APter the S.D.C. had reached "bottom" an additional check was obtainable
from the reading on the depth gauge on the panel, The order to stop
lowering was therefore given by the man checking the marks on the winch wires
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204 During the descent, due to the rush of air into the chamber, telephonic
camunication was impossible, A push button was therefore fitted so that,
should the divers wish to stop because, for exanple, of ear trouble, they
could make a "burst of silence" of which the S.D.C. panel operator would be
immediately aware, Suit inflation was unnecessary because the diver being
"in the dry" could let air in his neck seal or cuff. No,2. Diver would put
on his face mask as soon as he felt the jar of the chamber stopping. He was
thus ready to slip into the water as soon as "carry on with the diver" was
ordered (Flate 2). Halfway through the "time on the bottom™ +the panel
operator would give the order for the divers to change overs This practice
during these trials was carried out merely to glve both divers a turn. On
an actual operation, if the job could be best done that way, one diver
would work at it all the time. Alternatively, if the work was exhausting,
particularly for longer bottam times » the divers could change over as was
done during the trials.

21¢ Communication between the diver and attendant was by single lifeline
signals and two minutes before the time to start surfacing the order was
given te call the diver in.

22+ The orders %o hoist to each stop were given by the S&D.C. panel operator,
who was begide the timckeeper; but the orders to stop by the man checking

the winch wires This was because reliance could not be ploced on the depth
gaugee On one occasion (the first 300 ft. sea dive) at what should have been
the 20 f't. stop, the S.D.C. depth was only 6 £t. The result of this was
serious decompression sickness for both divers (see paragraph L) e

Subsequent investigation revealed that this was due to the fact that an air
Pipe leak was suspccted because the S,D.C. panel gaupge reading started to
 fall off while the S.D.C. was statiocnary a* 10 £t. An attempt to compensate
for this by putting a small flow into the pipe resulted in a build-up of
pressure which caused the gauge to indicate a greater depth than the true
depth of the S,D.Cs Again checks were provided by revolutions and panel
depth gauge, The deeper stops were carried out with the lower door open
until a convenient depth, when a stop of at least 8 minutes was provided for
transfer under pressure to the RaCeCe In practice it was found that transfer
could normally be completed in 3 minutes from the time of ordering "close
lower door". The remaining decompression was completed in the TeU.P.
Recompression Chamber and the S,D.C. was prepared for the next dive.

23+ Once transfer under pressure had taken place accurate depth for
stops could no longer be determined by markings on the winch wire but was
entirely dependent on the R,C.C. pgauges. It is thercfore vital that these
gauges should be accurate and it is considered that "Dead Load Testers"™
should be provided, not only for this chamber, but for all ships and
authorities with R.C.C. 's.

HANDLING THE S,D.C.

flie In calm water, with no movement on the ship, handling the S.D.C. is
perfectly straight-formrard, In open water the problen would be very
different particularly with the oxy-helium cylinders secured to the out-
side of the chamber. Some arrvangement with a large smount of fendering
and padding, and extra guys, might be feasible under certain conditions
but if the technique can be vroved in sheltered water to depths of the
order of 1,000 ft. consideration should be given to much more radical
measures, such as an athwartship gantry or a submarine with a "wet and dry"
egress,
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PLATE 3, Submersible Decowpression Chasber (S,D,C,)



THE SUBMERSIBLE DECOMPRESSION CHAMBER

252 The S:;D.Cs was modified to caryxy fourteen 150 cu.ft. light alloy
cylindsrs round the outside of the upper half, (Plate 3)., This left the
lower half free to fit into the transfer under pressure hatch., The
cylinders were comnected to a common manifold with a charging comnnection at
one ende The other end led into the chamber to an HePs gauge, a reducer
and two S,D.D.E. comnections,. Two S,D.D.E. sets were stowed in the chamber,.
Initially these had normal 60 f+. lengths of hose but for most of the trials
special 30 f£t. lengths were fitted. These shorter lengths gave plenty of
freedonm to the diver but greatly simplified the problem of stowing them
when in the 8,D,Cs When fully charged the fourteen cylinders gave a total
of 2,300 cucfh, of gas at 2,400 pss.i.

26¢ It was anticipated that at the deeper depths CO2 build-up in the S.D.Ce
would present a probleme Accordingly four wire panniers, each holding about
2 1lbss of soda lime, were provided for hanging inside the upper half of *the
S.D.C. To assist absorption a pgas driven fan was also mounted in the top
of the chamber %0 stir up the atmosphere and blow directly on to one of the
panniers, which could be moved round as necessary. The gas supply from the
fan came from the S.D.D.E. breathing system and was tapped off on the L.TFa
side of the reducer. A needle valve here further regulated the supply and
provided a fair range of speeds for the fan. It was noisy at speed but it
was not expected that high speeds would be required, In fact, for the ,
current series of triels, CO0p build-up was negligible and the system was not
used.e

OXY--HELTUM MIXTURE

27¢ In order to be able to use the same mixture for all depths, a mixbure
containing oxygen between the limits 42% and 57 in helium was ordereds

This was supplied in Admiralty-owned 200 cu.fts cylinders at 1,800 psSoeis

by thz British Oxygen Company. Time did not permit cbtaining supplies

from American Naval sources which would have been considerably cheapers

On testing, with a Servomex Model 101 Oxygen Analyser, the contents of the

25 cylinders supplied for the first series the distribution was found to be:-

Noes of cylinderse 1 1 5 12 5 0 1
Oxygen : ha 757 280%  4uB85%  L4e90%  La95%  5.00% 5.05%

This was considered very satisfactory and, for the 75 oylinders supplied for
the second series, only spot checks on selected cylinders were carried outs

GAS STORAGE

28, The facilities on board H.M S, RECLAIL consist of two four-stage air
compressors and ten 9,1 cu.f't. water capacity cylinders. During these
trials the two oylinders on the starboard side of the Diving Flat were used
for oxy~helium and the rest used for aira. Before compression began the
piping from the compressor to this twin bank was isclated from the rest of
the complex pipe network and blown down to atmospheric pressures The
method of transferring the helium to the storage bank was as follows,

The storage cylinders were blown down into a large rubber bag of 1,000
gallons (160 cusfte) capacity which was connected by a 3 in, hose to the
intake side of one of the air compressors. (The bag was cbhbained from
Fireproof Tanks Ltd., Portamouth), and was of the type designed primarily
for transporting oil, The compressor was run in the normel manner but drew
gas from the bag instead of from atmosphere. Twenty one 200 cua.f'te



oylinders were blown into the bag and compressed into the bank. The resulting
pressure was 3,100 peSsi. By Boyle's Law this should have been 3,300 pasaie
but the compressibility factor could reduce this by up to 10%s Furthermore,
100 peseis Was left in each 200 cu.f+t. cylinder which, with the small bore
manifold in use, could not be readily scavenged. It is fair to say, therefore,
that there was no loss.

29s After campression a siznificant volume of helium remained in the
compressor separator and filter, also at 3,100 pesSsi. This was scavenged by
connecting these to the storage ring built round the S.D.C. and equalisinge
The resulting pressure was 200 p.S.i. s0 there was minimal wastage herea

The compressed gas was free from odour,

30e Since the helium was compressed into a large volume (1842 cu.ft. water
capacity) containing air at atmospheric pressure and this was then cqualised
into the S.D.C. storage ring (10.5 cu.ft. water capacity) also containing
atmospheric air, the resulting mixture in the ring should have had an oxygen
content above the 4.90% originally put in, But if atmospheric air had also
been drasm into the compressor on the input side then the oxysen content of
the resultant mixture would be even higher., By computation the mixture in
the 5.D¢Ce ring, if uncontaminated at the compressor input, should have had
an oxygen content of 5.14%. As measured by the Servomex instrument it was
in fact 5.15%. The difference is within experimental error and it can be
concluded that there was no contamination.

31« The imprevised arrangements therefore gave completely satisfactory
results and great credit is due to Mr, S, Williams, Experimental Officer,
who devised and implemented them. WNevertheless they were complex and for
future trials it is strongly recommended that more permanent arrangements
be made to obviate the risks of mistakes in cross—connecting ete, It is
also particularly important to pay careful attention to the tightness of
valves, joints etec. When storing heliums It was some time before a constant
bressure gauge reading could be obtained over a twenty—four hour period.

SUPELY OF GAS TQ THE S.D.Ce

324 Gas was supplied to the S,D.Ce by Standard Diving hose which had been
tested to 900 pe.seis although it was not intended to use it at more than
700 pessis even for a 1,000 ft. dive, Control of the gas was given to the
divers by setting sufficient pressure on the reducer supplying the S.D.Ce
The hose length was 495 f't. for all dives and a pressure of 450 PeSele Was
found adequate to keep the chember dry for dives to 300 £t. with a rate of
descent of 100 ft, per minute. This pressure would probably cope with a
dive to 500 f't. and even deeper where helium was used instead of air.

SURFACE DEMAND DIVING EQUIPLENT

33s The S.D.D.E, breathing sets were modified to remove the mechanism which
gives double campensation for depth. This was necessary because the high
pressure delivered to the demand valve at depths over 300 ft. would make
‘breathing heavy and also because, after a certain depth, the reducor
pressure would cxeced the rclicf valve setting and the set would blow off
continuously. For the samc rcason the normal 100 peSsie PlUs one peScie

per feot of depth was not applicablc. Instead a manual control was supplicd
which could be set to give the most comfortable breathing at depthe This
was tested in the laboratory at the equivalent of 1,000 fte and gave
adequate, though not luxurious, breathing.



PLATE 4, Surface Demand Diving Equipment (S«D.D,E,)

(a) Front View

(b) Rear View



3he In practice the modified S.D.D.Es worked well and no trouble was
experienced except on two occasions during the first dives to 300 £t.
The reducer supplying the S.DsDeBE. developed HePs leaks due to metallic
particles lodging on the valve seat which caused continuous blow-off of
the brecathing setss On one of these occasions the resulting high flow
caused a heavy ice deposit to build up round the reducer, but the diver
in the water was quite unaware that there was a fault since his gas
supply was unimpaired. hus the system failed safe. No fuxther trouble
was met on replacing the seating but a large area porosint filter was
fitted for the second series of trials.

SAFETY ARRANGEMENTS

35, The fellowing arrangements were mades-

(a) The main Recompression Chamber was kept available for immediate
use throughout the trials,

(b) Divers were required to remain on board for L4 hours after a dive.

(¢) Adequate numbers of perscnnel were kept on board to deal with any
incident which might arise.

(d) ALl divers were given written instructions, in.I\Tonvegian, to
ensure that they would be returned immediately to the ship
should they become 111 while ashorce.

(e) One diver in the S.D.Cs acted as stand-by diver for the other,
Except in emergency, which mignt require the second diver to go
to the assistance of the first, only one diver was perm_tted to
leave the 8:D,Ce at any time,

(f) A diver with S.A.D.A. was also immediately available in the
Diving Flat in case of any difficulties with the S,D.C. or
divers near the surfaces

(g) A boat was elways available while diving operations were going
on to provide help to a diver in difficulties on the surfaces
For the ssame purpose a diver dressed in Underwater Swimmers’
Dross, and Fins, with a long recovery line, was kept zeady in the
Diving Flate

(h) Arrangements were made, and exercised, for hoisting the S.D.C. hy
forward capstan in the event of failurc of the winch. Carpenters®
stoppers were quite satisfactory on the special non-spin wire.

NOTE

Other restrictions which werc aimed at safety and related to the
interval between dives are described in Appendix 5,

GAS CONSUMPTION AND RESERVE AVATTABLE IN EMERGENCY

36+ Beforc the trials consideration was given to the amount of gas
available in emergency should the air pipe supplying the S.D.C, burste
In this event there are three sources of emergency gas supply:-—

(a) The SD.Ce When dry and with two occupants this contained about
BO cue £ts of fase (Thz.s has been checked by practical measurcment)a
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At 300 fte (10 atmospheres) this is equivalent to 22,000 litres
at surface, Initially this would be 5% oxygen so 1,100 litres
of oxygen arc available, At this depth the oxygen could be
reduced to 2% so 660 litres of oxygen are consumable.s A likely
rate of consumption under these conditions would be about‘one
litre per minute so two men could breathe for 330 minutes -

5% hours. At 500 ft. they would have about € hours and as the
depth increases so does the reserve of gas in the S.D.C.

(b) Storage Cylinders for S.DyD.E. When fully charged the cylinders
contain 2,300 cu.ft. of free mixture. At 300 ft., due to the
ambient pressure, only about 2,100 cu.ft. will be availablee
For an open circuit system a common rate of consumption is about
20 1.pam. at the surface. At 300 ft. this would be 200 1eDelo,
or 7 cuef'ts per minute, of atmospheric volume. Hence the syvstem
could supply one man for 5 hours or two men for 2% hours. At
1,000 £t. the figures would be 86 mimutes and 43 minutes. Thus
the time on the open circuit system deteriorates as depth increases
while that fyom breathing from the gas in the S.D,C. improveso
However, in real emergency the S.D,D.E. supply should be blown
into the S.D.C. atmosphere which would have the effect of doubling
the endurance given in (a) above,

(c) The S,DeDsE, Emergency Cylinderss. These cylinders contain 14200
litres of atmospheric air but at 300 ft., at 200 1.pems, only
6 minutes endurance could be expected. These cylinders can
therefore virtually be discounted,

37s In any other emergency, when the supply hose to the S,D,C, is intact,
the chamber can be fed continuously from the surface.

38. In practice it was found that the average consumption using S.D,D.E, was
about 1.2s cusfts per minute at surface or 12 cu.ft. per minute at 300 ft.
but, if allowance is made for the fact that moderate work was being done 3
this agrees reasonably well with the figure of 7 cu.ft. per minute, with
minimum work, given in paragraph 36(b) aboves

EXERCISE

39« During the earlier dives in the Recompression Chamber the divers did not
exercises In the sea dips they inevitably did more work and it is possible
hat this may have contributed to the incidence of bends., Some form of
exercise should be taken during all future- R.C.C. dives before the same
schedules are used for sea dives.

PERSONNEL

40, The first phase of the trials was terminated by a serious case of de-
compression sickness which resulted in the paralysis of A.B. WANNERTQN,

In spite of this, and in the full knowledge that they might suffer the same
fate, the divers who took part in the trials cheexrfully carried out all that
was required of them without hesitation. The standard of teamwork was high
and all, whether fit for diving or not, played their part. At present no
extra pay is given to divers to compensate for the risks inherent in normal
diving using proven equipment, schedules and techniques. It is considered
that for experimental diving, where the risks are unknowm, extra pay should
be given.



PART IT TO PROVE DECOMPRESSTON SCHEDUTES

L1 The progress of trials from this aspect are fully covered in Appendices
1 and 2 which deal respectively with the Medical and Physiological aspects
of the trials. A summary is, however, included in this part of the repoxts

42, The requirements were that satisfactory dives in the Recompression
Chamber, followed by satisfactory dives on the same schedule in the sea,
should be carried out at each depth, starting at 300 ft. before moving on
to a maximum depth of 450 ft. After the first series of trials it was
stipulated that :-

(a) At least 10 successful dives should be carried out in the
Recompression Chamber followed by 10 successful dives in the sea
before moving down, in 50 ft. increments, to the next depth.

(b) Every diver should carry out a satisfactory dive in the Recompression
Chamber before carrying out a dive at the seme depth in the sea.

L3, These stipulations were made by the Chairman of the R.N.FoRoCy after
full consideration of the accident to A.B. WAINERTON which occurred during
the first series of triels, the recommendations of the Flag Officer,
 Scotland and the conclusions of a meeting held by D, G.W.(U) to consider the
trials. Copies of the Trial Orders for both trials and the Chairmen of the
ReNePoRoC's lelbter of 29th June 1952 are included as Appendices 3, 4 and 5.

RESULTS

Llis A mew decompression schedule was used for the 250 £4, dives on air and
resulted in a decompression time shorter than that for 180 ft. dives on
Tehle I, It was used successfully with all but two divers who wrere
eliminated from the trials as being unduly susceptible to the rapid rates
of ascent involved. A schedule for 300 f't. air dives, based on the same
principles, was used successfully for a total of 19 ReC.C, dives during
preliminary triels by ReN.FoLs. It was considered that the use of helium
instead of nitrogen should be safer and two dives in the R.C.Co to test this
theory appeared to be completely successful. It was therefore decided %o
start dives in the sea to 300 ft. Six dives, that is three dsscents of

the 8.DeCs with two divers in it in each case, were carried out using this
sohedule. The first dive resulted in serious decompression sickness for
both divers. However, since it was clear that due to depth gauge erxors
(see paragraph 22) the 4O ft. stop had actually been done at 26 f4, and the
20 ft, stop at only 6 ft.,, this was hardly surprising. The two divers
concerned reacted normelly to treatment and there appeared to be no reason
for not continuing the trisls once their treatment was finished. Accordingly
a second dive was carried out using the same schedule. his was completely
successful but the *hird dive, under exactly the seme conditions, resulted
in the serious accident to A.B. WANNERTON which is fully repoxted in
Appendices 1 and Z.

5, This incident brought the first series of trials to a close but, after
#u1l consideration by the R.N.P.R.C., approval was given for the second
series of trials %o proceed subject to the restrictions refsrred o in
paragraph 42 above.

46, In the intervening period before trials were resumed some Recompression
Chamber trials were carried out at R.NePsl. but these had not producad a
tested schedule when H.M.S., RECLATM again sailed for Norway., Therefors,
after ssa dives to 180 ft. and 250 £t. to perfect drill and techniques,
further 300 ft. trials in the Recompression Chamber had to be carried out
before work in the sea could continuea
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47, Nine divers tried out a new schedule but, since there were three major
cazes of decompression sickness, it was revised to make the change back from
oxy-helium to air at 190 f£t. (the first stop) instead of at 100 ft. Twelve
divers carried out successful dives on this schedule. A thirteenth suffered
a bend which was successfully treated on Table 4 but, since he was nearly
eliminated before this dive because of undue susceptibility, it was decided
to accept this schedule and proceed with 300 ft. dives in the seae

L8, Three two-diver dives were carried out on 13th July and one bend
resulteds It was suspected that this was a result of the gresater amount of
exercise taken on the sea dives and it supgested that the schedule was very
close to the limit. It was considered that far greater value would be
obtained by carrying out five more dives at 300 ft., than from again altering
the schedule, These were started after every diver had had at least 60 hours
since his previous dive, but by the time eight divers had been dowm there were
four major cases and three minor cases of decompression sickness, Only one
diver was completely clear,

L9, It was concluded that breathing an oxy-nitrogen mixture (i.e. air) after
an oxy-helium mixture was causing stabilisation of minute helium bubbles
formed during the oxy-helium breathing stage. It was therefore decided to
use oxygen for decampression from 30 ft. and also, since there was no question
in the time remaining of being able to go below 300 ft., to use a greater
percentage of oxygen (about 20/%) in the oxy-helium mixture, In the past
oxygen was always used for the later stages of decompression when Deep Diving
but it was thought that the object of this was to reduce the otherwise very
long decompression times. No mention is made in any reports of any other
reascn for breathing oxygen.

50« A new schedule was worked out and so ten more trouble-~free Recompression
Chamber dives were needed before sea dives could be carrisd out, Four were
carried out (two divers per dive) but one of the last pair suffered a bend
which required treatment on Table 2, This diver had been under pressure
for 30 hours (as R.Ce Ce attendan’t) 56 hours before, and 48 hours before had
complained of minor symptoms. It therefore appeared that 48 hours between
helium dives was not long enough and it was decided that those divers who
had had clear dips should be given a further R.C.C. dive after a 72 hour
interval., Three dives (two divers per dive) were carried cut and they were
all trouble~free. However, it would have been necessary to wait a further
72 hours before sea dives on this schedule could have been carried out and,
since H.M. S, RECLATI's trial programme did not permit this, the trisls were
concluded,



AFFENDIX 4 TO A.E,D,Us REFORT NO. XXIX

REPORT ON MEDIGAL ASEECTS OF DEEP DIVING TRIALS 1962

-

By
Surgeon Lieutenant Commander D. E, Mackay, R.N.

SACKGROUND

It has been known that frequent diving on air to depths of the order
of 300 feet and deeper is dangerous because of the effects of the gases
used, normally at atmospheric pressure, %o sustain life. An artificial
atmosphere has been shown to be a practical solution in the past, with
helium as the gas chosen to form the inert volume expander and with the
proportion of oxygen reduced as compared with air. However +o avoid the
consequences of a long duration for the return to the surface, it has
been usual to breathe pure oxygen, rather than the mixture, from a pre-
determined depth, to encourage the elimination of the inert gas from the

bo&y.

2e¢ The men who carried out such diving started as fully trained divers
on air, with many years experience, During the practical deep diving
training period, it was rare for any diver to have more than one helium
dive in any week though he could have one or two other dives on air as
the attendant to a helium diver during that weeks It was customary to
have at least 48 hours between dives for each individual; +to devote
Saturdays to maintenance and breparation for the following week; and to
have Sundays as a day of reste

3s ° These 1962 trials had several differences in procedure enforced by
circumstancese The calibre of the men was as good as on previous trials,
but their general experience was limited to a maximum of 180 feet;
however 2 men had previously been deep divers but had not had any such
experience for at least the past L years, Praiseworthy attempts had been
made to give all divers experience of air at 300 feet in recompression
chambers but nobody pretended that this was a substitute for the drs [T
techniques, equipment, and mental attitude involved in a dive in open
water to a similar depth; it did reduce some of the element of strange-
ness and as such was highly justified,

L4e The breathing equipment was not specially devised for deep diving but
consisted of adaptation of existing equipment; this was perhaps an
advantage in that there was familiarity with the actual breathing apparatus.

5e  Other factors had to be oonsidered; of these the most important
were the shortage of helium and the fixed dates of the availability of
HeMoS. RECLAIM, The cffect of these limitations was that there was in-
sufficient time to carry out the full experinental programme before
Joining the ship, especially in the section involving the exposure of men
to the oxy-helium mixtures in a recompression chamber, This meant that
part of the short time that I, 1L S. RECLATH was available had to be spent
carrying out this work before the men could carry out the dives in the
waters Relevant, though minor, factors were the shortape of divers
available for experimental work to replace those in the team who either
became unfit or were withdrawn as unsuitable; the loss of experience,
both practical and theoretical, on the use of heliwa and its problems
due to the long period of no-helium diving; and the lack of any means of
analysing the inert constituents of a gas mixture sc that some doubt
always lingered about the helium and nitrogen percentagesa

g !-"W-P



6« Some of these problems were appreciated before the trials started,
others became obvious as they progressed. Consideration had to be given
to many points,. such as the number of dives which should be done at each
depth both in the chamber and in the sea; the depth interval between
schedules; the interval between dives f‘or each individual; the tolerances
(eegs gas percentages, depth gauge, errors etcs) acceotable for a
satisfactory dive; the standerd of accuracy for depth, and, not least, the
means of treating any casualties. The problems were resclved by meeting
with members of the R.NeP.R.C. before the trials started and at the daily
assessment meetings of the trials officers while the trials were in
Progresss

RESULTS

7e The diving time was divided into two periods by the operational calls

on HeM.S. RECLAIM, The interval between these periods was spent testing
tables in H.M. 8. VERNON with a few of the divers from the team and scms others
that volunteered,

8s Altogether diving, in the chambers and in the sea, was carried out on
23 dayse 29 divers in all took part and 197 dives were carried out in all
circumstancese The first period in H,M. S, RECLAIM had diving on 7 days
during which, in the chamber, 29 dives were done to 300 feet breathing air;
2 dives to 300 feet breathing an oxy-helium mixture, and L dives to 400 feet
using the same oxy-helium mixture; 42 dives were done in the sea at 3 depths
to 250 feet using air and finally 6 dives were done in the sea using an oxy-
helium mixture. This makes totals of 35 chamber dives and 48 sea dives or,
put another way, 12 helium dives and 71 air dives, The interval period in
Hele 8. VERNON was occupied by diving in a recompression chamber on 4 days
when 10 dives to 300 feet using an oxy-helium mixture were done. The second
period in H,ii S, RECLAIM fell naturally into two phases., In the first phase
52 dives were carried out, breathing air continuously, to depths of 180 feet
and 250 feet in the sea; +this phase lasted 4 days. The second phase conw=
tained 8 diving days and all diving was at 300 feet using; an oxy=helium
nixture; 14 of these dives were in the water and 36 in the recompression
chambers The totals again are 52 air dives and 50 1101111311 dives, or 36
chamber dives and 66 sea dives.

e In all, 3 major cases of decompression sickness occurred during the air
dives and 17 during the dives when oxy-helium was breathed. The cases of
minor decompression sickness werc 1L and 10 respectively. Due to the many
changes in schedules there is no advantage in expressing these flgures as
percentages,

- Table I summarises these divese.

THE DECOMERESSION TABIES

10« The first tables used for dives to 300 feet breathing air were based on
tables used successfully at R.N. FPhysiological Laboratory. The calculations
assumed a descent rate of 100 feet per minute and a stay of 10 minutes at
depthe If the descent was too slow then the balance of time.was deducted
from the bottom time so that the start of the ascent was never more than 13
ninutes from the start of the dives If the descent was too fast, the bottom
time remained at 10 minutes so that the ascent began less than 13 minutes
from leaving the surface, Experience had shown that the decompression
schedules produced severe itching in a chamber (the degree varied with the
chamber) and though it was appreciated that the problem would be less in
immersed conditions, the mse of the S8,D,C.-T.U.Ps could ma.ke this a trouble-
some complications

A variation was thercfore introduced in that there was a rest at 140 ft. on the



*sfep JUTATP USOM]SQ OJOW JO SJNOY g JO TEAISJUT S§03ROTPUT SUTT TBOTAIOA LARSH

$SLON
| mw.wm %wm MW | yyegy | OFTE *1n
= VAT 00°08 WV | gpepg | B | NEAY
0D HM . L . A o NE* W0 » HM TTH ¥0*¥D o il
. 0S° 00 O HM R A e o] b - AVHIO
W i : i w NV*3I0 Ml B L20T R R TTL N oy
og og* 5 piionttic . tiros | TER | wmeon | wwros
BLIONEEI] VA HT 3 5 _
) 2 e i u A ) X " « o fmm] ¥ SESYD
ONHI. iz YONTH
Vit
e ‘ e Y : " & = - = = T i SESVO
0 1 HOLVI
SHATA J0
z
9 z b Z Zl Z 2 ol e ol 6 L ¢ T
qa Lag 19M g} =T Lag £ag LE=T| L7 RE=]) Ly Lag Lag INEWETH
UNTTOH oTqEL " I umTTeH Ty T | aTy i ITy ITY ITY
gsarg | T | reroedg | "UFIH | orqup | 9sxni | puooss | erqmr |pwooss | otqer | puoocss | gsarg | gsxrg | FIACHHOS
19 ¢ 4
00 ooft 042 oo% (0]2] 2 00 0g 00% 08 00¢% 00% 00% e
QOTEEI ISHTA
¢ ¢ 2961
b 0 62 12 Gz i
NALC Vi

SITNSEY d0 LNHTHLVLS

I UTdVL




*sfep BuTATp

UeSM}Sq SJOW JO SJANOY g7 JO TeAJOJUT SepeOTPUT SUTLT TEROTHISA £AwSl  HION
WV
DS*TH OS*IM 1 0008
O LIk OF*HM I O Ttk or L
arad | ootsd | IR0 | wrTa | oa S . AYEID
04" 51 pEieadcrt et T S
Y0 OH* il CRANHY 0d* @l ,
0 pIroRe ]
o *0S :
s - I - ol w:f - - SESYD
2 08* &I : . HONTH
- . STSYO
5 5 va b O FOLTH
; SHATA €0
zL ol T L z z * z e
uET) uk=T} oM LEJ Lxg Lag Laq Laq INAVETH
8TqE], T eTqET, ) . :
Teroadg oTqeL Tetoadg oTqeL ekl LGRS RIS
. *q4
04z o8t 0%e om: 00% 00% 00% 00% e
AV - QOTEEd QNODES TYAMSLINT
] 9 G 4 oz | dise {4 e 12 m. Zoel
e CHNOP m

SUINSHY 40 LNEHHLVLS

(*P3uco) I Eiavd




_ ssfep SUTATD USOM1©Q OJOW JO SINOY g JO TEATIOJUT SOJBOTPUT SUTT TBOTIIOA LARSH HEION
| 00°0S *00 00 0¥* 08 e 08
: U3 0g 5
0g°*0Yd O * HT R = e ¥3°00 i 8100 qvEIo
o 9 T U o pirind:te] Th 0¥ 30
|
ol
04 % ] s : SHSYD
= = o e Qi Ll HONTH
o
.ﬂ A
_ og
, y . 00 X! 2 SHSYD
W o Uz = - Mw,, HOLIH
K, 0g
Vo y G + SHATQ Jd0
L 9 8 8 9 9 6 e
1
‘ Lxq Lag oM 1oH £xq Lag Lxq Lag TNAHHTE
UNTTOH Y3ITE WNTTSH Y3INO0.T UNTTOH PITYL HINTHHOS
cos ¢ 00¢ 00% 00¢ 00§ ¢ 4 4
0] 0 00% 00 LI
,“ WOTTHEH/ZX0 - QOTEd QNODHS
| ‘ ¢ 2961
| | | ¢z 02 mﬁ 9l b Zhk 3 ok 6 e
Fne

SIINSHEY 0 LNHEHLYLS

(*P3uod) I HIGVL




ascent for 1 minute te reduce the incidence of itching which, while of
nuisance value only, could be most uncomfortable, This kind of pause

was referred to aw an "anti-itch" stop. A further departure from established
custom was the disappearance of a decrmpression stop at 10 feet as the stay
at 20 feet was made long enough tn allow direct surfacirg; (the main
edvantage of th:i_s is in-open dives where depth keeping at 19 feet may be
difficult in some kinds of sea state and weather)s 10 dives were carried
out, each with a 'bo‘bal deco*apress:mn time of 27 minuteses There were 7

cases of itching and 1 case of d_ecompress.,.on s:t.ckness, which took the form

¢f chokes with spinal symptoms. :

11« In view of these findings, the air tables were modified to slow the
rates of ascent between stops, and the stop at 140 feet was replaced by a
pause at 150 feet and 2 minutes at 90 feet; the total decompression time
thus became 35 minutes. 19 dives on this schedule were carried out with no
minor or major incidents and this table was adoptede It was considered that
the use of helium instead of nitrogen should be safer and two dives to test
this theory appeared to be completely successful., 4 5% oxyren/95% helium
mixture was breathed from 100 feet during descent to 90 feet during ascent

- 8 total of 15 minutes.

12, During the first part of the first period, when twenty practice sea
dives to 80 ft. and twelve to 180 ft. were carried out, there were no cases
of medical interests These dives were followed by 12 sea dives on air to
250 '+, on a schedule calculated on the same principle as the 300 f't,
schedules This schedule gave 10 minutes on the bottom, "anti-itch" stops at
130 and 80 f'ts and a total decompression time of 21 minutes. One incident
occurred at depth which was not due to the routine used, in fact the sub-
sequent decompression did not seem to affect the diver adversely.

13. The stage was now set for the first oxy-helium dives in the water;

but as the water dives had to be anticipated, 4 dives on oxy-=helium in the
chamber to 40OC feet were tried first so that a table would be ready for

the sea dives; the tables were calculated on the same principles. The first
dive led to serious symptoms in both divers which were not considered to be
due to decompression sickuness as generally understood; - this attitude was
apparently justified by a second paire. On this schedule the "anti-itch"
stops were at 220 and 140 feet; the total decompression time was 106 minutes;
and the helium mixture was breathed from 100 feet on descent to 60 feet on
ascent, a total of 21 minutes.

14, It was decided to commence the dives in open water to 300 feet for
10 minutes at depth, using the schedule which had a total decompression
time of 35 minutes. 6 dives were carried out with 2 scrious cases and 1
very serious case of decompression sickness. This bad result terminated
the first pet':.od of the trials.

15, During the interval between the periods, a second oxy-helium schedule
for 10 minutes at 300 feet was produced., A major departure in technique was
a stop of 8 minutes duration at 100 feet to 2llow the transfer-under~pressure
to take place. It was also considered, as a result of the cases, that the
ascent rate had been too fast when hel:_um was used, so this was slowed and
an extra pause added so that the "anti-itch" stops were at 190, 160 and 130
feet, each for 2 minutes. Oxy-helium was also used for the f:u:s‘b 6 minutes
of’ decormress;mn at 100 feet before completing the decompression on 2airs

4 decompression stop at 10 feet was reintroduceds This meant a total
decompression time of 64 minutes with oxy-hslium being breathed from 100
feet on descent to 100 feet on asccent l.ee 2 duration of 29 minutes.

10 recompression chember dives were carried out with 2 major cases and 2
minor cases of decompression sicknesss



16, The second period therefore started without a tested decompression
schedule for 300 ft. Twenty-six work-up dives to 180 ft. were carried out
without incident. These were followed by twenty-six dives to 250 ft. which
resulted in two major and seven very minor cases of decompression sickness.
Elimination of unsuitable men took place after this. (There were two of
these, DsyAs and ReBs, both men who did not seem to be capable of ascent
rates faster than 60 ft/minute after a stay of 10 minutes at 300 f£t.)

17« To permit the sea dives to continue work had te start in the recompression
chamber on dives to 300 feet for 10 minutes using oxy-helium on the third
oxy-helium schedule to be calculated. The main modifications, as compared with
the second schedule, were the much greater time at 20 feet, so that the total
decompression time became 93 minutes, and the disappearance again of the 10
foot stope Total helium breathing time remained at 29 minutes., 9 dives were
carried out with 3 major cases and 1 minor case of decompression sickness.
Consideration of the last 19 oxy-helium chamber dives suggested that the real
problem was the great increase in duration ~f breathing the oxy-helium

mixture, DBased on this assumption, a fourth version of the schedule was
produced; this was identical but for the single factor that oxy-helium was
discontinued at 190 feet, being breathed only for a duration of 14 minutes,

13 dives were carried out in the chamber on this revised version with one

very minor case and one, the last dive, a major case in a diver whose :
suitability was being questioned. This fourth version was then tested in the
water with a total «f 14 dives over two days; the first day saw 6 dives with
one nominal minor case and one major case and the second day saw § dives with

3 minor and 4 major cases of deccompression sickness. 4 study of the
individuals disclosed a pattern which suggested that breathing an oxy-nitrogen
mixture (i.e, air) after an oxy-helium mixture, led to stabilisation of

minute bubbles formed in the oxy-helium breathing stage. Mention of this
factor did not seem to be made in previous literature when oxy-helium breathing
was always fellowed by breathing pure oxygen, ostensibly to reduce the very
long decompression time which would have been required by the methods of
calculation then in use if air was breathed as the main decompression
respiratory medium.

18 Several changes were again made to produce a fif'th version of the
schedule. The gas mixture was changed from 5% oxywen/95% helium to 20%
oxygen/80%helium approximately; the gas change over levels were altered to
100 feet on descent and 30 feet on ascent; transfer—under-pressure took
place at 30 feet instead of 100 feet with helium being used for the first

6 minutes, and 100/ oxygen for the remainder of the time at 30 feet as well
as for the remainder of the decompressione The schedule thus had a total
decompression time of 46 minutes with the oxy-helium mixture teing breathed
for a duration of 42 minutes and pure oxygen for 16 minutes. Initially 8
recompressiocn chamber dives were carried cut on this schedule; these resulted
in 2 very minor cases and 1 major case of decompression sicknesse. This
disappointing result could perhaps be explained by the interval between dives
being too short as the diver with the major case had been exposed to increased
pressure for 30 hours after the others and had had minor symptoms. According=-
ly it was decided to repeat the same schedule with chamber dives by 6 of

the remaining 7 men after 72 hours at normal atmospheric pressure. This
resulted in neither minor nor major cases of decompression sickness. Thus

2 total of 14 dives on the fifth schedule resulted in 2 minor incidents and

1 major incident, and tended to confirm the opinion on the aetiology of
trouble on a second dive, Confidence was such that exercise was carried out
in the chamber on each of these fifth schedule dives, (the exercise consisted
in passing a 40 1b. back weight about 10 times per minute from one diver to
the other, and could be considered moderately heavy work ) e



THE MEDICALS

19« All divers on board H.l.S. RECLATM were examined by the ship's medical
officer, Surgeon Lieutenant B.H. Delany RoMo, before the start of the trials,
This included the Nexrwegian volunteers. In the first period and during

the interval period, men were alse examined before each dive on oxy-helium
mixturese In the second peried, the divers were examined before cach dive.
Divers were closely questioned after their dive and examined at surface
pressures (if possible; if not, under recompression), if there were any
complaints. Apart from the basic examination, the frequent medical checks
were to ensure that a man was fit to carry out the detailed dive and was not
handicapped by lack of sleep or any other cause; particular emphasis was
placed on examination of ears; sinuses, chest and blood pressure.

20s -In the first peried cne diver was exoiuded because of incomplete
recover: from a rib injury; one diver developed aural barotrauma on his
second chamber dive and cne diver found that the rate of ascent used was too
rapid for him, none of these took part again in that period as a divere In
the second period the effect of the rate of ascent was confirmed on the diver
previously affected, =and was discovered in the man who had previously had the
rib damage but whe was now fit to dive. The man with ear trouble was clear
but another man developed a painless perforation in a scarred drum during

a chamber dive; again these affected men were withdravm from the trial.

One man developed trouble in each peried as a result of a late night and too
much beer and, after several misleading statements, he also was withdrawn
from further dives. ;

21s The interval between dives was accepted as 48 hours for dives of 300
feet and deeper but no fixed interval was agreed as the period of absence
af'ter an attack of decompression injurye. Where there were no residual:
symptoms of decompression sickness 72 hours was regarded as suitables The
distinction between stiffness from the cramped position in the amaller
chamber, or a feeling of bruising, and residual minor symptoms was not always
clear - even if the patients were not intent on minimising symptoms - and
some errors were undoubtedly made at the time which, in retrospect, became
obvious and an interval of one week would have been more suitable. The

last feow Gays of diving showed that the interval between dives depended
perhaps more on the gases breathed than the actual depth and duration of the
divese &

THE DIVERS

22, There were 29 different men involved in the various stages and phases
of the trial. 14 men carried the main burden and performed 169 of the 197
dives done; 7 of these were part of the diving team of H.1L S, RECLATH,; 5 -
from the Admiralty Experimental Diving Unit, 1 from the R.N. Physiological
Laboratory and 1 from the Royal Norwegian Navy. Of the remaining 15 men,

L rating divers of the Norwegian Navy did 3 dives each; the remaining 3 men
of the diving team in H.iL S. RECLAIN carried out 6 dives; and 8 men from the
Admiralty Experimental Diving Unit did 10 dives. The details of the men

are described.

Diver A.D, A B DL Us Age 27
Experience Clearance diver third class 1061045l
Clearance diver second class 412456

Clesrance diver first class 22, 9.61



Diver AT,

Dlver A.ML

Diver B.(.

Ddver C.l.

Ddvee: 1
Ef'f'acta; 1
R.lors .
Experiennas
Divasa 3
Eff'acta: 1
Hotes:

AE DU,
Expariencea:
Drlwres 1
Ef'facts:

H. il 8 RECLATE

Bxperienoe;
THvaa: 15
Zffecta: 2
AE.Thls
Experienco:
Dives: 17
Bf'f'eata: - |

a) 1 oxy-helium dive; O air dives
b} 1 chamber dive: 0O ses dives

mejor anse of decompression gickness

age Eearly twrenties

Hrorwremian frogoan (i.e. ;'m-ﬂg clearance

ddver, partly asgaulit svimmer
a) 1 oxy=-helium dive; 2 air dives
b) 1 water dive; 2 chacber dives
major case of deormprossion sicknesa:

not available af'ter first period.

Ape 24
Olearance divar star 20, 559
Olearapnce diver ssoond cl=ss 29, Fe51.
a) 1 oxy-helitm dive; O sir dives

b) O water dive; 1 chamber dive

ne i1l effeots,

dpa 21
Shallos Fater diver T« 2.58,
Diver third clsaass {812,559,
Clsaranoe diver stor 2. 2,62,
a) & oxr=helium dives; 9 air dives

b} 9 water dives; & chamber dives

major and 1 minor cass of decompression
slolkness,

Age 29

Bhollew Water diver 2 1:53.
Dlearance diver third class T7e Ha53s
Oleararce diver sesond aolass 3. B.55.

a} B oxy-helium dives; 9 alr dives
‘b]m water divesy 7 chamber dives

major snd 2 minor cases of decompression
sicknesa,



Diver DLH.

Diver F. B

H.M, 8, RECLATM
Experdenosat

TDivaa: 11

Effents: ;|
Note:

H. M. 8. RECLATN
Txperiencet
Dives &
EBffeots: 2
Hote:

Ha B DaTa
Exparienos
Diven: 11

Iffeats: G

Bs Nors Havy

Exparienos;
Tdvran ]

Effeota:
Hote:

He}e 8. RREOLATH
Egperlenoe:

Divea: 14

Effectar 1

Ape 2B
Clearsnce diver third olass 14 554
Clesrance diver seasond oloss Le 5e56
Clear=nce diver flrst class 21,10.60
a) 3 oxy-helium dives; B air diveas

b) & water dives; 3 chanber dives
mejor ocage of descipression siokness

Perforation L. car drum on 11.7.52 and
withdrewn oot triale.

Ape 36

Diver third olass B350
Diver scoond classa f.52
Olearance diver third olass 154
Clearance diver seoond olass 6.56
Olearance diving officer 3u61

a) O cogp-helium dives: 3 air dives
b) 2 water dives; 1 chesber dive
major cages of decoampression siclmess
Withdreen frop trials.

Ape 14
Pirst diving experience 1941
Qualified sopervisor 1947
Clearonce divipg officer
Standard & deep acquaint 1955
2) 4 oxp-helium dives; 7 air dives
b} 7 water dives; . chember dives
mejor casse of decompression sicknems.

Ee50

Ape eprly trentiesd
Hormregian Tropman
a) 1 oxy-helim dive; 2 air dives
b) 1 water dive; 2 chambar dives
Ho i1} affeots

Hot awvailsable af'ter first period,

Age 24
Bhallow Water diver 18,12,59
Claarance diver star Ge 12581

a) 5 omr-helium dives; 9 air dives
b) B water dives; & chamber dives

pajor oass and 1 minor gase depompreassicon
gicknosz.



Diver F.0.

Diver J.C.

Diwer M.O.

Diver iL K,

AR, DU,
Experiance:
Diwvaas 1
Effecta: 1
Hota:

HoMs Fhysiologicel Loboratory Age 36
Spanial course for Cul.C.

Bxperiencet
Dives: 6

Effects: 1

-&qlr EIll.t:lr ut-
Experisnca;

Ddsras 1

Fffactas

E: Hor. Havys
Experienceas
Divea: b

Effants:
Kote:

-'I:I‘-EI Dt- LTl
Experienoe:

Dives: 3

Eff'acta; 2

.
Experlenoe:

THves: 1

Effecta; 1

Ame 26

Clearanse diwver third clasze

Clearance diver secord olasa

he124 54
2% 3ab2

a) 1 rogy=-helium dive; O air dives
t) @ water dives; 1 chamber dive
major cass of decompression sickness

withdrayvm from trials,

1961

a) 1 oxgp=helium ddve; 5 air dives
b) 2 water dives; i chember dives

minor cass of decompression siclmess.

Ape 23

Jlearance ddver star
Diwer third olass

Ta 1060
20.12.57

a) 1 oxy=heliuwn dive; O air dives

b) O water dive; 1 chamber dive
no ill-effectaa

Apa aarly bventles
Horwepion fropmen

a) 1 oxy-heliu dive; 2 alr dives
) 1 water dive; 2 chamber dives

Mo i1]l—effeata

Kot available after first period.

Ape 3h

Diver third class
Experimental diving

6457
5 yeara

n) 2 oxy-helium dives; 1 air dive
b) @ woter divee; 3 chamber dives
minor capes of decompression aickness.

Age 31

Clearance diver third clasza
Qlearance diver sscond olass
a) 1 oxgy=helim dive; O air dives

b) O water dives; 1 ohamber dive
minor case of decoipression slokness.

a- Ei.&s
25s Sa61



Diver M.R.

Diver P.C.

Diver F.L.

Diver H. E.

H.M. B, RECTLATH
Experience:
Ddives: 1k
Effeots: 2
ALE DT,
Exparienca;
Dives: 1
Dffecta:

He il 8, RECLATM

Experiencea:
Drdvea: 1
Effecta: 1
H.E. 8. RRCTATH
Experienne;
Ddvraa: 2
Effeacts: i
Hote:

H.M 8. RECLATM
Experience:
Disres; G
Effactas o
Noter

Ape 22
Shallow Water diving He 360
Clearance diver stor Bel2.61

a) & oxy-helium divas; B air dives
k) 10 water dives; 4 chamber dives

major oases and 5 minor cases of
deocompreasion siclkness,

Age 26
Cleararnce diver star 2l. 3.58
Olaaranoce diver peoond olass 29, T.61

a) 1 oxy-helium dive; O air dives
b} O water dives; 1 chamber dive
Fo fll-effectas

Age 2l
Bhallew Woter diving £.60
Olearance diver star 11, B.51
a) 5 oxy-holium dives; 9 air dives
b0 water dvea; 4 chamber 3ives
major casa and £ minor onsea of
decompression siclness,
Age 30
Diver third olaas 15« B.52
Diver second olass 22. Tu55

a) 0 oxy-helium dives; 2 alr dlves
b) 2 water dives; O chamber dives
mojor case of decoimpression slokness

Withdrssm from trdel. This men had not
fully recovered from rib injuriea so he
did not take part in the first period.

Age 24
Shallosr Woater diver 2«58
Clearanoe diver atar La 10.58
Clearance diver second clasa 1a TFeb0

a) 3 oxp-helium dives; 6 air dives
b) 6 water dives; 3 chamber dives
minor ocoses of decompression sickness

Developed blookape of Eustoohian tubes
on compreasion on 30.5.62 and wilthdrawn
from first stage of trials.



Diver R,0.

Eﬂ:r 2.0

D vrar '~.TEH...

-p-li E.'D'U'
Experience:
Divens 15

Effeotsa: I

||-!|-i E-IJI UI-
Experience:

Divaes: 14

Effecta: 3

H. Nor. Navy
Experdence:

BEffeats: 1

H.AL 8, BECLAIM

Effects: 2

Ape 22

Ehallew Water diser 10.57
Cloarance diver atar 10.59
Cleerance diver second olassa 362

a) 6 oxy-helium dives: 9 air dives
B) 8 water divea; 7 chamber dives
minor cosss of decampresalon sickness,

Age 30
Dlver third class I h2
Ddver second class Te bl
Diver first cla=s 1157
Clearance diver first olasa .62

a) 6 oxy-helium dives; 8 air dives
b) 8 water dives; 6 chamber dives
minor cases of decompression slolmess,

Age early tweanties
Norwegian frogman
a) 1 oxy-helium dive; 2 air dives
) 1 water dive; 2 chamber dives

mojor case of decampressicn sickness
Not available after first perlods

dpe 28
lesrance diver third olass 29, 9.56
Olearance diver second class 23, 3.62

a) 1 oxp-halium dive; 5 air dives
b} k4 water dives; 2 chomber dives
najor cage of decompression sickness
Withdrem from trials,

Ape 33
Diver third class 177150
Olearenoe fiver third alasa E2a LubB2
Olearance diver second olasa 1. 654
Clearance diver firat clasa 11. 5.56

a) 3 oog-helium dives: 9 air dives
b) 7 watar dives; 5 chamber dives

major cases and 1 minor aass of
deconpression gicknoss.

Thizs man hed an atteck of mymocopes at
280 feat in the wrater,

Withdrasm from trdisls.



Diver W.l. B. Nor, Kavy Ape about 39

Experienoes Norveplon stondard ddver and froman
officar

Dives: 11 2} 3 oxp-helitm dives; 8 alr dives
b) 9 water dives; 2 chamber dives

Effeots: i mojor oase of decompression sickness,

Koter 1. Divers ﬂ'ﬂ,' H.Ei, F-Uq., BiEl_q J.0. and P.0. took part in
the intervel dives at H M8, VERNOW and were not availahlas
for either period aboard 1, M S, BECLATM,

Note: 2, Diver J.ds of H.M.S. HECLAIM and DMver W.l. of AE.D.T.
wers prevented by their supervisory dutles from telding part
in the trial for other than 1 dive ench on air in the wuter

THE CAZRS
inor D s Siclnesa

23« There were 2 instances whers divers reported symptoms which were due
to the decompression tables used, 12 of these were cassa of itching; it
seems that some divers are unduly susoeptible to itching and that the same
sohedule, used in different ciroumstances sush as s diff'erent chamber or on
a different day, may lead to cases o varying severity in the individunl
divers Apart from the first two days of diving to 300 feet on air in the
chamber when 7 out of 10 divers had severe itohing, this disocmfort vas only
volunteered on five other ccoasions, all after dives to 250 feet in the
water on air, Diver (LH. showed some interesting aspects of the problem.

He had carried out a pgreat meny similar dives on air st B, N, Pula and he
seemed to be a pgood subject on whom to test the "antieital? schedule, On
board RECLATM this modified schadule, though longer in decampression time
thon the ones he had previously used, made him iteh much more. On the whole,
1% was decided not to mentlen the matter after o dive to avedd a Fsychological
complicating itoh and to await complaint - this poliey resulted in only one
further cage,

2hse There were 8 cases of "nipdles” after various dives in B divers. Thosze
"nigglea™ are deseribed am a mild ache in an sves with a feeling of loss of
confidence in the stability and power in the part of the limb involved {a11
cages imvolved the lizhaj, Divers M0 and MK, developed these sensstions
in ths upper avm (one in the right and the other in both arms) after diving
on the second oxy-helium scheduls, Diver MO had a similar episode in the
right upper am using the fourth oxy-helium schedule (14 days after hia
previous cagrhellun dive with no other diving in between). Diver R0, had
W0 episodes, one in his right shoulder after an air dive o 250 feet, the
day affer an air dive to 180 feet, and the other deep in his right hand on
the chamber dive on the fifth oxy-helium sohedule, This latter dive was an
axerolse dive and took place L days after a waoter dive on the fourth schedile
had led to neurclogles] =igms of deccmpression siolnese, Diver P.R.
developed left shoulder tip ache after o dive in the sea to 250 feet on air,
2l houra after o almilar dive 4o 150 feet, It was posaible that this was
due to muscle strain as he had made an error in aasusing the 8.D,0., had
completed 1ts descent and he left the vehiole; he was then drapred the
remainder of the journey — a matter of L0 feat at a epeed of 10C feet per
minute, "Higplea™ usually clear fairly rapidly, particularly after a hot
bath, and this harpened on the above cocasions,



25, The remaining two cases of niggles occurred in diver M.R. who also
developed a feeling of wealmess in his knees., The sequence was an attack of
niggles in his right shoulder after a dive to 300 feet in the chamber on the
third oxy-helium schedule, 48 hours after a dive to 250 feet in the sea.
using air. After a further 48 hours, he dived on the fourth schedule in the
chamber but, repeating this in the sea after another 48 hours, he developed
a very mild sensation of weakness in his lower limbs which could not be
substantiated on examination. 3 days later he repeated this latter water
dive and had some slight niggles at the 20 foot stop which cleared at the
surf'ace, However, in case it developed again, he was recompressed as
attendant to a serious decompression case. After the treatment had progressed
to 5 hours at LO feet iuR, was relieved by another diver attendant and was
decompressed breathing pure oxygen for 45 minutes at 30 feet and 75 minutes
at 20 feet. 6 hours later he was wakened by aching in his right knee which
eased over 1-%- hours and he went back to slegps In the morning there was
residual stiffness which was assumed to be the result of the cramped
position for the therapeutic compression, This was probably wrong in view
of his own florid attack of decrmpression sickness after a later dives

26, Diver 8.C. had two episodec of a sensation of tightness in his chest

on deep inspiration; both cleared within minutes and €zamination revealed

no abnormality. The first occasion was af'ter his water dive on the fourth
oxy-helium schedule 5 days after his chamber dive on the same schedules;

and the second occasion was 4 days later after his working dive in the chamber
on the fifth oxy-helium schedules Diver R.Ce had a serious symptcm after his
water dive on the fourth oxy-heliuwnm schedule ~ again 5 days after the chamber
dive on the same schedule, He surfaced with paraesthesia of his right hand
attributed to a tight cuff on the suit he was wearing and which cleared within
10 minmutes of changinge 30 minutes later he reported flashing lights in his
vision and blindness; examinaticn showed a large blind area in the lower
outer quadrant of his left field of vision; improvement occurred during the
examination, it was decided not to recompress and vision returned completely
over the next 24 hours.

Other Minor Events

27« Diver R.E. suffered minor barotrauma #o his ears durinp descent to

12 feet at the start of a 300 foot chamber dive on air , This resulted in
his exclusion for the remainder of the first period as he could not catch
up the various stages., However he was fully recovered and remained fit
throughout the second pericd,

28. Diver CusKe regrettably suffered a-large perforation of his lef't ear drum
during his chamber dive to 300 feet on the fourth oxy-helium schedule,
Apparently, due to scarring, he had no sensation of trouble during his dive
and only a gquery on itching of his external auditory canal led to examination
of his ears about an hour after he had regained the surface, He was with—
drawn from diving during the remainder of the triale

29, Diver W.H. posed quite a probleme He was one of the most experienced
and able divers, Durinz the first phase, while at 250 feet on air, he flelt
very faint and almost lost consciousness. However, his partner was able to
cope and both returned to the surfaces W.He still looked a little faint and
he was taken to the Sick Bay where he broke down and was obviously very
depressed, He was withdrawn from the water diving team for the next day
(which was the final day) but he pled his case well to be permitted to do
the chamber LOO foot oxy-helium dives, This be was allowed to do and he
carried out the drill in a splendid mammer, Then it transpired that the
night before his water diwve he had been up with divers C.0. and S.C. and
others till 0400 drinking beer. Presumably hangover plus apprehension plus



I

high oxygen partial pressure had cowubined to give a case of OXygen Syncope€s
It is of interest that divers C.0. and 8.C, had no difficulties, During the
second phase, diver W.H. was again a leading figure till he developed
decompression sickness (see later)s (4bout one month later W.H. was seen by
a psychiatrist who considered that the patient was liable to reriods of
depression), ;

Major Decampression Sickness

30e 15 cases were treated by recompression and 5 by other means, The
reasons for this difference are given with each case as the decision was made
on the clinical picture each time with the best interests of the patient as
the overruling guide, '

31e Diver DsAshad trouble on two occasions, each time breathing air. The
first time ocourred after a 300 foot chamber dive on the anti-itch aim
schedules He had carried out several chamber runs to this depth bef'ore, using
the Table IIT in the RN Manual adapted for air breathing throughout, This
time - it transpired later - he continued his usuel habit of controlled deep
breathing "to eliminate the nitrogen more repidly™ but now the rate of ascent
was 120 feet per minute to begin with and the total decompression was much
shorters His symptoms started as very mild difficulty in inspiration at

40 feet and had worsened slightly as well as being accompanied by mild chest
pain on surfacings His condition improved considerably and rapidiy but an
error was made in allowing him to carry out duties involving the ascent and
descent of 4 ladders, each about 8 foot high, on two occasions before
examining him, because after 20 minutes he developed difficulty in controlling
his legs and then loss of power of his legs. He was imuediately recompressed
to 165 feets His symptoms had cleared at 100 feet and exemination at 165
feet was negative, It was decided to use therapeutic Table IIT but to use
only 2 hours and not 12 hours at the 30 foot stops This was apparently
completely successful and it came as a shock 4o be told several days later
that he had had a slight woolly feeling of his right foot persisting, which
was not detectable on examination at the tines Apart from the patient's
objections to the therapy, as there did not seem to be any advantage to be
gained by recompression, no further action was taken.

32, His second episode occurred in the second period, 39 days later. A
successful dive on air to 180 feet in the water using ReN. Manual Tables had
been carried out the previous day. On this occasion, the tables devised on
the theories on which the oxy-helium tables were based, were used to 250 fect.
12 successful dives had been done during the previous period using these
tables, so confidence appeared to be justified, However a fast rate of
ascent, of 120 feet per minute, was required, On surfacing, Diver D.A. again
had a pain in his chest; difficulty in breathing; pins and needles of his
whole body; skin flush and a marked skin rash., Examination confimed the
rash and there was an area of hyper-resonance in his left chest as compared
with the right but no alteration of the breath sounds, His condition was
impreving continuously, so rest and observation were ordered and in about 1%
hours he had made a complets recovery, On the assumption that for some physio=
anatomical reason he could not carry out a fast ascent after a dive, he was
withdrewn from the triale (He has successfully carried out submerine escape
traiming at 240 feet/minute ascent but this procedure irwolves a short
exposure at 100 feets ;

33« Diver R.Be This man hed the third and last case of decompression
sickness breathing aire He did not dive in the first period as he had not
yet returned to diving following rib injuries. However, he was fully fit and
had been diving in the chamber te 300 feet during the interval period, so he
Was accepteds Like diver D.A., on the second day, diving to 250 feet on air



on the fast schedules, he developed symptoms attributable to the fast rate of
ascents He had an ache in his left shoulder which cleared completely in

10 minutes, leaving him with a scnsation of tightness of his chest.
Examination disclosed a similar difference in resonance of the lung bases to
diver D.A, Iio evidence could be found to confirm a sensation of numbness
over the right forefoots Again symptoms cleared rapidly so no treatment other
than rest was ordered and he was withdrawn from the trial. There is little

to be gained from speculaticn on the effect of his rib injury on the occurrence
of this case. The remaa.nlng 17 serious cases all occurred during diving with
oxy-helium mixtures, 16 with 5 01qrgcn/95/ helium and the last with 18.5%/
81+5% heliume

34e Diver UsLs and Diver A.N, These Norwegian divers carried out a chamber
dive to 400 feet. Both men were trained to clear their ears by swallowing.
Inside the chamber one used a surface demand diving equipment and the other

a built-in-breathing system submarine escape breathing unit and a nose clips
Both sets were connected to the oxy-helium supply by an S.D.D.E. panel. The
sets were donned at 100 feet on descent and doffed at 140 feet on ascent the
compression being continued while breathing chamber air which was changed
often. At 20 feet, diver U.L. complained of discomfort, backache radiating
round the abdomen, and he looked distressed. Diver A.N. mentioned that he had
a mild ache over the lef't shoulder arca. They were cexamined by Surgeon xirm
Lieutenant Delany, who thought that distension was the major though not the
entire troubles Both men were recompressed with relief, especially in the
case of diver Us,L., by vomiting and retching as well as by increased pressures
Therapeutic Table II was used with complete successs It was considered that
unfamiliarity with equipment and gas and depth had led to excessive gas being
swallowed during ear clearinge It was therefore assumed that they were not
true cases of gas bubbles forming in the tissues.

35, Diver CaX. and Diver M.H. These two men had been diving every day in

the first period on the plamned prozramme of 300 feet on air in chamber,

80 feet on air in water, 175 feet on air in water, 250 feet on air in water
and now 300 feet on oxy-helium in water on successive days with one dive each
daye The dive started according to plan with oxy-helium breathing starting
at 100 feet and continuing till 90 feet was reached on the ascent. On
arrival at 20 feet, the lower hatch was closed and transfer-under-pressure
started and hurriedly completed when the divers requested a rapid increase

in pressure. They were joined at 20 feet by Surgeon Lieutenant Commander

D. E. Mackay, Medical Officer for the trials, and, because diver ILR. was
writhing on the deck of the chamber having d:if:,culty breathing, he ordered
a pressure increase to the equivalent of 1OO f'eet, It transpired that between
LO and 20 feet both divers had noticed slight difficulty in breaiking; at

20 feet this became very marked and in diver M.R. was accompanied by a
tightness in the chest, developing into a severe pain in the left chest which
radiated all over his body. In the case of diver C.K. the symptoms had had
a similar development except that the radiation was confined to the left
shoulder and on to the occiput. Both men had recovered as soon as pressure
was increased and at 100 feet, examination was negative except for slight
stiffness in both men. Presumably both men had suffered from "cheokes";
however, because of the rapid application of treatment, the rapid d:.sappearance
of symptoms and the knowledge of recurrence after therapy in some 20% of
cases, it was decided to try therapeutic Table I, though if there was any
trouble, Table IV would be immediately tried. Treatment was successful, both
men being left only with a feeling of stiffness. During ingquiry into this
accident, it was discovered that the decampression had erred grossly as the
stop depths, instead of being 4O feet and 20 feet, were 26 feet and 6 feet
respectively. In view of the gross abuse of decampression and the apparent
speed and ease with which adequate treatment could be given, it was decided
to continue diving on the same routines Divers B,0s and C.,0. then carried
out a successful dive and the third pair of divers started.




36s Diver W.A.was accompanied by diver P.R. and the dive was carried out

as in the previous incident free dive, On arrival in the transfer-under-
pressure chamber it was obvious that diver W.A, was deeply distressed, so
pressure was immediately inoreased to 60 feet where the divers were joined

by Surgeon Heutenant Commander Mackaye It transpired that diver VW.A. had had
some slight difficulty in breathing at 40 feet which had become much worse at
20 feet but on return to 60 feet everything had cleared. Because of the
experience of diver C.K. and diver M.R., therapeutic Table I was started with
30 minutes at 100 feets However after 25 minutes, W.A. complained of coldness
of his feet and numbness of the front of his thighs; he was therefore
compressed further to 165 feet with relief of his coldness and almost complste
relief of his numbnesse It was decided to treat him with 2 hours at 155 feet
and then decompress on therapeutic Table IV, Unfortunately his condition
deteriorated and after 2 hours, examination by Surgeon Lieutenant Delany
showed that he had a complete paralysis to the nipple level and complete
anaesthesia to the same level with paraesthesia for a proximal two inches.

In the state of knowledge at that time, it was decided ite continue the
decompression and to use a 60% oxygen/h.o?’a nitrogen mixture for the last hour
at 60 feet and the first hour at 50 feet with perhaps 100% oxygen at a later
stages Nursing problems were prominent and antibiotics and sedatives were
used as required. The effect of the mixture breathing was mixed in that there
did not appear to be any objective deterioration on examination but the patient
was much worse; this seemed to be due to the resistance to respiration of

the NOVUS apparatus used and the discomfort due to the weight and heat of the
equipment. At any rate, his morale improved after it was discontinued and he
was eventually transferred, in a similar physical condition, by BRITANNIA
aircraft of Re.A.F. Transport Commiand from Bergen to R.N. Hospital, Haslare

His attendant, diver F.R., was naturally exhausted and cramped and it was
considered fair to reslieve him after he had been at 30 feet for 1 hour by
decompressing him for 1 hour at 20 feet and for 1 hour at 10 feet. He surfaced
with a slight ache in his right knee which deteriorated to a fairly severe
ache but, rather than recompress him, it was decided to use analgesics and
sedatives and his condition improved over 48 hours., Consideration at a later
date brought forth the suggestion that oxy-helium might have been used and
perhaps an increase in depth to a maximum of 300 feet. Reading the U.S.N.
lanual, it was found that these suggestions are in fact recommended there

if required. Other literature recommends flushing doses of nicotinic acid
and the usec of urea has been discussed though it does not appear to have been
useds The subsequent decompression was a problem that would have had to be
solved at the time. It was hoped not to meed such a table again.

37« Diver F.U.This diver took part in the chamber trials of the second
oxy-helium table during the interval period at H.id.S. VERNON. He surfaced
with a stiff right arm which fairly rapidly developed into a severe pains
There was a personality clash between diver and diving officers and he was
not recompressed because of doubt as to his symptoms, His condition took
over 3 days to reach full recovery; he was told at this time that he would
not be taking any further part in the trials,

38, Diver A.D.Again this was an interval chamber dive on the second
oxy~helium schedule, The diver had slight stiffness of both his

shoulders on leaving the chamber but this gradually worsened till, when he
reported after 2% hours, he had to be recompressed because of severe pain in
both shoulders but much worse on the right. Symptoms were relieved at 120
ft. and treatment was carried out on therapeutic Table II, There was a mild
recurrence in the right knee which it was originally decided to treat
conservatively., However after 24 hours he had not completely recovered and,
in the absence of the trials officers, he was recompressed, Thirty minutes
at 165 ft. gave little relief and he was retuwrned to atmospheric pressure
using therapeutic Table II, He considered that there was some relief at the
surface., There was some fluid in his knee so there might have been some other
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injury, even if this was not disclosed, to explain the change of site and the
only slight response to treatments

39+ _Diver F.E.This case occurred during the first oxy-helium dive on the
third schedule « His last dive was on air to 250 feet in the sea 2 days
befores There were four divers in the chamber using the equipment and |
there was a need to open some more supply cylinders., Diver F.E. became
confused and moved valve openers the wrong way and strained at several
cylinders before achieving his task. During decompression, after 8 minutes
at the 29 feet stop hs developed an ache in the sacro-iliac region which
became severe in 3 minutes and then proceeded to clear over the next 15
minutes. Exemination in the chamber was negative. However after 5 minutes
on the surface, symptoms recurred as a mild ache, and on examination, there
was weak extension of both legs. His condition was fair and in view of the
earlier improvement, it was decided to keep him under observation and he
recovered till there were no signs though he still felt some weakness after
2 hours. This condition persisted for 24 hours and the correct action would
have been recompression but the patient was more comfortable and preferred
the sick bay bunk to the recompression chamber: his treatment was therefore
shorter and more comfortable than recompression. It was decided to continue
the testing of the schedule.

40s Diver WiH. and Diver B.Os The last dive by this pair had been 48 hours
before to 250 feet on air in the sea. These men were the 8th and 9th tests
of the third helium schedule in the chamber and the dive continued normally
to 20 feet, After 20 minutes there, diver B.O. devcloped a dull ache in the
coccygeal area with slight numbness of his right foot, all of which cleared
before reaching surface., However, the symptoms then recurred and increased
in severity and there was a marked rash. The ache sharpened and spread to
the perineum and pain developed in the left shoulder. Muscle power was lost
in his legs while he was being put back in the compression chamber. Diver
WeHs had been normal during the decompression but about 10 minutes after
surfacing, he developed a sudden severe pain in his left calf and upper lef't
thigh, Both divers were recompressed. Diver B.O. had recovered at 100 feet
and diver WoH. at 165 feet; both men were decompressed on therapeutic

Table II; and both men reported well afterwards, AS always, there were some
disclosures after such troubled dives. Divers F.B. and B.O. had been
canoeing the previous evening for two spells of about 30 minutes in the
course of 2 hours, Diver W.H., had been drinking heavily the previous day
although he seemed well on examination, (it transpired he had been comatose
at one stage in the evening).

1. 60 hours after leaving the chamber apparently perfectly f£it, Diver W.H,
was due to dive again. He seemed fit and there was definitely no
indiscretion on that occasion and he was permitted to dive in the chamber on
the fourth oxy-helium schedule, At the 20 foot stop, he complained of pain
in his chest and numbness and stiffness of hands, wrists, thighs, feet and in
his buttocks, His condition deteriorated and the pain spread as an ache to
his lumbar area, e was rccompressed, along with Surgeon Lieutenant
Commander Mackay but there was little change at 60 feet and 100 feet and he
was compressed with his attendant to 165 feet., He was examined by Surgeon
Lieutenant A.Gs Slark R.NeZsN., observer on the trials, after 30 minutes

and he reported scattered rhonchi in a very depressed patient - perhaps due
to narcosis., He was decompressed on therapeutic Table III but on arrival

at 100 feet his condition was reported as bad by his attendant, He was
recompressed to 165 feet where he was examined by Surgeon Lieutenant Delany
who reported that the patient's morale was much better and that he was
recovering from a vaso-vagal type of attack., After 2 hours at 165 feet,
therapeutic Table IV decompression was carried out, The patient complained
of generalised body pains at 50 feet but some codein compound tablets cleared
his symptoms and he surfaced well though extremely fatigued. It should be
noted that he was accompamied on his dive by diver B.O. and diver F,.E,



a0

Diver WeH. was at last withdrawn from the trial as unduly susceptible to
"pends"s (One month later he mentioned that he still had feelings of
stiffness in his shoulders which he attributed to his bend).

42, Diver D,R.It was considered that 12 clear dives had been carried out

in the chamber on the fourth schedule and as both divers B.0, and F.E, had
had no trouble, it was assumed that the 13th dive by diver W.H. was biassed
adversely by his habits and previous dives. Divers D.R. and R.E, had dived
on this schedule in the chamber 3 days before. They started their dive and
while out of the chamber swam continuously. A4bout 20 minutes after surfacing,
diver D,R., showed signs of syncope with marked body rash and he mentioned
mild pains in his shoulders.  He was treated by rest with elevation of feet
and kept under constant close medical observation and his faint cleared over
two hours. He then developed a mild ache in the low lumbar region and the
next day his legs felt slightly weak. Again this diver might have been
recompressed but it was considered such treatment would take as long as
therapy by bedrest which would be far more comfortable. However he would
have been symptom free, if unconfortable, in the chamber and the wrong
decision was perhaps taken in his case in view of the duration of his minor
troubles. If his condition had deteriorated, he would have been recompressed
immediately as ohservation was kept beside the open door of a chambere The
other 5 divcrs on that day were relatively trouble free. 4 of these men
repeated these dives 3 days later along with 4 other men who had not dived

at all for 4 dayss

L3, Diver B.Os.developed his second major case of deconpression sickness

L. days after his last dive which was a chamber dive on the same fourth
schedule. While at the 20 foot stop it appeared that helium had contaminated
the chamber air supply end this was quickly corrccteds Seven minutes later
diver B,0s complained of mild ache in his right knee which eased and then
worsened and eased again in the course of 1/2 an hour, Examination was
negative., After surfacing, the ache in his right knee spread throughout his
lower limb and up to the sacro-iliac recgion., He was recompressed 5 minutes
after reaching surface, his symptoms clearing before 60 feet was reached,
Therapeutic Table I was used and on surfacing, in the early evening, his
right leg flelt slightly rubbery: this however oleared after a night in Sick
Bay comfort.

Lie In an attempt to gain some knowledge of the behaviour of oxy-~helium
mixtures, it was decided to continue the dives as long as a recompression
chamber was available for treatment. Eventually it became the turn of those
four men who had dived 3 days before and the first such pair were diver P.R.
and diver C.0. On the 20 foot stop, diver PsR. complained of a mild ache of
his right shoulder which eased theres However it recurred on the surface,
sprecad over both shoulders and he began to develop the signs of shocke

Diver C,0. complained, on surfacing, of stiffness and mild aching in his ham
strings bilaterally. They werc both recompressed under the care of Surgeon
Lieutenant Delany. Diver P.R, was free of symptoms by 60 feet but diver C.0.
whose symptoms had improved at 100 feet, worsecned and both were compressed to
165 feet and therapeutic Table III started. All symptoms were quite cleared
on release from the chamber,

45, Diver W,I. and diver M.R., made up the final pair. During tke 20 foot
stop it was noticed that diver W.I. was restless and looked worried; he asked
for frequent flushing of the chamber but he constantly maintained he was well;
on arriving at the surface he complained of pain in the front of both thighs
and he rapidly becsme shocked, He was immediately recompressed with Surgeon
Lieutenant Delany and there was no improvement till 165 feet when he
recovered, Diver M,R. had had a minor niggle at 20 feet which had cleared,
but in case it developed into something serious it was decided to lock him

in as attendant to diver W.I. on a therapeutic Table III, During his 40 foot



stop diver W.I., was examined by Surgeon Lieutenant Commander Mackay because
of the development of dizziness and vomiting. He looked badly shocked, .
radial pulse and brachial blood pressure were unobtainable; his tendon, skin
and eye reflexes were present. He was recompressed in stages but there was
no improvement till 165 feet and even then there was not complete recovery.
Therapeutic Table IV was started after 2 hours at 165 feet and 30% oxygen/
70% helium mixture was used with a modified NOVUS for periods of 53, 21 and
18 minutes while going from 165 feet to 120 feet, from 160 to 80 feet and
80 feet to 60 feet respectively. The duration of each spell was at the
request of the diver who could not bear the equipment for long. He
obviously suffered from hypotension as he retched and vomited whenever he
sat up and this aggravated matters by leading to dehydration; while
intravenous or intragastric infusion was being considered, he managed to
retain sips of water and his condition began to improve. Examination while
he was at B0 feet disclosed that there was a slight weakness of his right
thigh but otherwise he was in good condition. On release from the chamber
he was quite rccovered, except for fatigue, and his thigh weakness had
cleared,

6o Review of the cases led to the fifth oxy-helium schedule and a new
series of dives in the chamber. These began 4 days after all the divers but
one had last dived. The exception was diver MsR., attendant to diver Wels
(see paragraph 45) who had been rcleased from pressure 2% days beforc and
had residual trouble. In retrospect, he should not have been allowed to
dive but he was and he did and he became the last serious case of the trial,

L7« Diver MsRecarried out a chamber dive on the fifth oxy-helium schedule
which involved the use of 18.5% oxygen/81.5% helium mixture, 10 minutes
after surfacing he complained of numbness in the sacro-coccygeal area and a
feeling of heat radiating down the left leges This developed into severe
pain with loss of power - due to pain rather than paralysis - in both legs
though worse in the left. He was recompressed and symptoms were relieved at
100 feets Accordingly therapeutic Table II was used with stiffness as the
only residual symptoms and this he reported as cleared with a few hours
sleep. However, 2 weeks later, it was indirectly reported that he still had
some stiffness of his shoulders on occasions, :

MISCELLANEQUS MATTERS

24e Temperature was always a factor to be considered, both on the surface,
at pressure in the chamber, and at depth in the seas Over the geriod of
this trial the air temperature varied between 50°F and 70°F (10°C and

2141 0); the temperature of the sea water at the surface varied from 50‘7’F
to 62°F (‘H.'loﬁ; to 16.700) as ‘the summer advanced; the temperature of

the gea water at depths of 25C feet and 300 feet varied little from L3°F
(6.‘1 C)s Temperatures in the recompression chamber were only measured in
the later dives to 300 feet when readings of 129°F (53.9°C) were obtained;
(the reading of the thermometer may have been up to 59F (2.78°C) high due
to compression of the bulb)s

25, Clothing was another relevant matters The Norwegian divers wore
brushed nylon undersuits which may perhaps be bulky and too warm for summer
conditions in more temperate climates, but at depth, in Sorfjord, they were
much preferred by ReNe divers to their customary cotton underwear, string
vests and woollies. This preference was stated wocally by the divers and
could be observed in fact as the R.Ne personnel borrowed their colleagues
suitse ©Some divers tried the wet suit but this was not popwlar; others who
used the wet suit as an undersuit were quite comfortable — though they did
not repeat the experiment due to the difficulty of dressing.
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26, A very important matter was - and is - incentive. The motive

provided was that of taking part in a new diving technique which could
possibly lead to prestige depths being achieved. Even the discomfort of
decompression sickness, the confinement in a small metal cylinder; the noise
of frequent air changes which prevented both carbon dioxide accumulation and
sleey; the recollection of colleagues with severe disablement; all these
did not materially affect morale and keeness. On the contrary, there was
tolerance and pity for the trial officers whose best laid plans were gamging
aft agley. However, there was an underourrent of pointed comments to the
effect that special service pay was surely not intended to inelude such
experimental work; that they were not truly volunteers in that they had not
offered themselves as participants ‘though their personal pride as well as
esprit de corps would not permit them to opt out; that they would have
received so much for such and such a dive in the old days, It did not help
to know that Norwegisn diver W.I., received about 75/= per hour for his dive
to 300 feet - and this included the subsequent therapy! Even diver W.I.
agreed that if the choice had been "no bend and no money" or "bend and £150"
he would rather have been comfortable and poorer but, if he had to have a
bend, the reward eased the after effects. That type of comment was typical
of the attitude in the trial - they would do their best on the dive hoping
that this time the right answer had been obtained and that they would not
need any therapeutic measures or that any trouble would be so mild that a
night's rest would clear it - anything almost in preference to 39 hours
more or less in the rceccompression chambers

DISCUSSION

27« This trial did not achieve all the stated aims but in falling short a
great deal has been learnt, Fortunately one can say that Wwery little, if
unything, was being relearnt by those practised in earlier days but whose
expertise had been almost forgotten through lack of prectice. That using
sir as a breathing medium for decompression following a deep dive on oxy-
helium mixture might be a source of trouble was a startling discovery,
particularly as preliminary work had suggested that the main problem would
rather be the total duration during which the mixture was used. The use of
oxygen following dives involving moderately heavy work at high temperatures
with prolonged oxy-helium breathing, as carried out on the last days of the
trial, showed that the hypothesis which led to its use scemed reasonable,
The old tables used oxygen during the decompression but the impression is
strong that this was done to cut down the very long decompression which
would otherwise be required - and done for that reason only. These trials
suggest that oxygen must be breathed because of its safety but that the
previous tables can be considerably shortencd - probably within the compass
of the self-contained diver for a dive to 300 feet.

28, While shortage of time prevented the testing of this schedule in the
open water, there can Justifiably be some confidence in trying this at the
first oportunity. This shortage of time had an unexpected advantage in that
the resulting heavy pressure on the programme led to very intensive diving
and so led to the finding of the important factors involved in the interval
between dives for each individual. A disadvantage may perhaps have arisen
- however in that this pressure may have clouded = guite unconsciously =

the medical assessment of the individual casecs and the most suitable treat-
ments This may not have been real but the attempts to make treatment as
tolerable as possible certainly led to departures from the strict application
of the written word or of instructions when confronted with the patient in
person, In the end, such a departvre was seen in retrospect to be an error
in the case of divers DeRe. and Wil

29, Another problem which exercised the minds of the medical team was how
to define the criteria for selection of the divers., There were few divers,
all keen, for various reasons, to dive and all qualified to a similar
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standards The solution chosen was that a man could dive as long as there
was no reason why he should not dive rather than a positive selection to
dive: at any rate the variation of fitness and personal habits on diet and
drink, smoking and sleeping, and other points, was very ureat and no
adv1ce can be given as a result of this trial,.

30, The biggest problem, and the one that caused great perturbation, was
the character of the cases of decompression sickness. There were times when
a simple case of a limb bend would have been welcome as a reassurance that
that type of case still occurred. As an example, diver W,I. -surfaced with
mild aching of the front of his thighs like an old=-fashioned bend, and
looking in good condition, so good in fact that he agreed to leave the
chamber for a few minutes while cushions and blankets were put in to make it
more comf'ortable for his expected 62 hours sojourn. However, he rapidly
went into a state resembling primary shock and he was recompressed without
further ado - having been on the surface about 2 minutes. His subsequent
progress was worrying in the extreme as is shown by the use of the 30/70
oxy-helium mixture. (This mixture was chosen because the NOVUS equipment
was adapted as a semi-closced circuit breathing set; the whole set-up was
prepared before any dive in the interval period was done and it was carried
intact to HeM.S, RECLAIM for the second period without further modification)s
There are records of only one other case in R.N. underwater work in which
oxy-helium was used in therapy and that was a case in the Submarine Escape
Training Tank in 1957 where the outcome was excellent but the amount of
credit due to the mixture was debatables There is no doubt that in this
case the use of this mixture resulted in a greater interest in life as far
as the attitude of the patient was concerned ~ if this lightening of
"narcosis" was the only effect it was still justified - but it was felt by
all who dealt with the case that the mixture also benefited the symptoms
themselves, though the mechaniasms allegedly involved are controversial,

This case exemplified most of the lessons learnt on this trip as applied to
decompression sickness therapy. It must not be overlooked that air dives

as well as oxy-helium dives produced cases with signs of peripheral circula-
tory failure and central nervous system involvement.

31e A point that is rarely mentioned is the judgement of the doctor
concerned in examining a patient under pressure; 1like his patient he is
subject to the effects of gases breathed including the narcotic effect of
nitrogen: other circumstances may require that he leaves the chamber and so
he must limit the unavailability of the lock and this results, in his cramped
circumstances, in a rapid, gross assessment of the case rather than the calm,
collected, examination technique of the consulting room that would be ideal.
Yet another point, of minor importance to the initiated, is the "Donald Duck"
distortion of the voice due to the much greater density of aire

CONCLUSION

32¢ Facts have appeared which do not seem to have been knovn by our
predecessors who, however, had the right answers if for different reasonss
Some form of selectiecn of men will be needed and the amount of diving will
have to be regulated by the number available. With the best of intentiovs
arbitrary limitations are set and the trials show just how arbitrary they
ares It was some consolation that the mechanical part of the trial was
carried on with great successe.
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33, 'The lessons to be learnt are relatively few. First the extreme
difficulty of deciding the type of case with which one is faced and so
the sppropriate treatment, either explicit in the tables or improvised
after initial preparation. Secondly, the prolonged testing that is
required in slow time, in adequate numbers, under laboratory conditions,
to determine the schedules for exercise dives and for the interval
between dives, must not be skimpeds Finally, the close association of
practical divers and back-room scientists pays intangible dividends in
mutual understanding and hence improved efficiencys
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APPENDIX 2 TO A.E.D,U. REPORT NO, XXIX

PHYSIOILOGY REFORT
by

H.V. Hempleman, R.N. Physiological Ieboratory, Alverstoke,

INTRODUCTION

These trials were undertaken with a view to seeing how deep underwater

. it was possible to go with experienced divers., The stay at depth for 10

minutes duration was taken as a minimum requirement to give the dive a

. practical value and a decompression schedule for such a dive not to exceed

% hours, otherwise the procedure is exhaustingly long and not considered
worthwhile for so short a stay at depth, except perhaps in exceptional
circumstances, ‘

THE DECOMPRESSION SCHEDUIE CAICULATIONS

5, These caloulations may be said to rest on the foliowing set of
obgervations:- : ik

(a) The U.S.N, have conducted a number of no-stop diyes from which
it is clear that for a given duration at depth it seems possible
to go deeper on helium (20% O,, 80% He) than on air.

. (b) The shape of the no-stop curve for air is well established, and
this is taken as representing the uptake-of-gas curve for the
situation which produces decompression sickness on air, Trials
on this assumption have always proved successful.

(¢c) There is a safe decompression ratio to be used in conjunction
with the quantity of gas obtained as in (b) above, This ratio
varies somewhat with the pressure of the dive, being 1.9 at
“low pressures and reducing to 1.5 with high pressures (200 fte
sea water and above). This has been found experimentally on
animals and tested on humans, e

(a) Oxygen at pressure plays a part in the occurrence of decompression
sickness, Thus for any mixture it is unwise to ignore the oxygen
content, and for these very deep dives the mixture was treated as
just gas, without discriminating between oxygen and helium, or
oxygen and nitrogen. L :

3, With these observations and assumptions tables were calculated for:=
(a) 250 ft, on air with 10 minutes on the bottom.
(b) 300 ft, on air with 10 minutes on the boftp@.
(c) 300fft. on 5% 02, 95% He with 10 minufe%'bnxthe bottom,
(d) 400 ft, on 5% 02, éé%-Hé with 10 minutes on the bottom,

L4y One particular part of these schedules was somewhat arbitrary and this
concerned the rate of ascent to the caloulated stop values., From
considerable experience on volunteers it was clear that most normal persons
could well tolerate a 120 ft./minute rate of decompression to the first
stoppage. However most people experienced varying degrees of itching
either during decompression or immediately upon surfacing., It was found
that if a short stop was introduced approximately half-way between the
bottom pressure and the first stop pressure, then there was a marked
improvement in the comfort of the dive,



THE AIR SCHEDULES

5¢ 300 feet on air schedule

Depth Time (Mins. )
Leave surface 0 5
Arrive . 300 feet _ 3
Leave 300 feet ' 15
Arrive 140 feet : 144
TLeave 140 feet 15%
Arrive 40 feet i 8
Leave LO feet 19
Arrive 20 feet Chg 20
Leave 20 feet 37
Arrive surface 39

Despite the laboratory success of these anti-itch procedures this
schedule created severe itching amongst the divers and even to one of our
laboratory divers who tested it on board H,M.S, RECLAIM in order to compare
i% with Royal Naval Physiological Laboratory conditions. It was decided to
introduce a further 'anti-itch' stop and try againe. The temperature changes
in the RECLAIM recompression chamber were unusually large and it was felt
that this was mainly responsible for making the schedule less comfortable
than at Royal Naval Physiological Laboratory.

6o - 3od feet on air schedule with further anti-itch stop

Depth j Time §mins.}

Leave surface : 0
Arrive 300 feet %
Leave 300 feet 13
Arrive 150 feet . ; 11
Leave 150 feet 15
Arrive 90 feet : 16
Leave 90 feet 18
Arrive - 4 Peet 19
Leave 40 feet : : ' 23
Arrive 20 feet i PR
Leave 20 feet : i
Arrive surface 48

: This schedule was used with considersble success in the recompression
- chambers In the light of the expericnce with anti-itch stops from 300 feet
it was deemed prudent to introduce two such stops on the 250 feet schedule.
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7e 250 feet schedule on air

Depth - - Time (Mins,)
Leave surface SavE - O3 oderd
Arrive 250 feet ' 7 N 2%
Leave 250 feet 124
Arrive 130 feet . : 155
Leave 130 feet. FeoBe. s 14
Arrive . 80 feet 15%
leave . Bdrfeet' ¥ 17%
Arrive 30.feet 18%
Leave EOifeet 21%
Arrive 20 feet . 22
Leave 20 feet 32
Arrive surface _ 33

This schedule was used with complete success in the sea exoept for Hwo
incidents on July 7th 1962, Neither diver was given recompression treatment.

8e Summaxy of air dives

Depth *| Time of Dive | Dives in Sea |Dives in R.C,C, | Incidents
Al B

300 13 mins 0 29 1 9]

250 123 mins 38 0 S 2

4 Incident is one where resort was made to therapeutic recompression.

B Incident is one where resort was not made to therapeutic
recompression, consequently it is milder in character than A,

Of the three incidents above, two involved the same divers

OXY-HELIUM DIVING

9¢« The mizture 5% oxygen, 95/ helium was chosen largely because of lack
of storage and mixing facilities aboard H,M. S, RECLAIM, Using just this
one mixture enables diving to be performed at all depths from 90 feet to
1200 feets At 90 feet the oxygen content is just sufficient te support an
active diver, and at 1200 feet the oxygen pressure is approximately

. 2 atmospheres which is the highest permissible pressurec. As the mixture

- ocannot be breathed at. depths less than 90 feet there arises the -question
as.to - what can be breathed at these shallower depths. Without resort to
further mixture breathing it:is only possible ‘to breathe air. Consequently
air was used throughout these trials as the gas breathed during the bulk of
the decompression procedure.. This had the additional advantage that
breathing masks or mouthpiéces were not required, and using the ideas out=
lined above the decompression was not unduly prolonged. Knowing that
anything accomplished on aixr should be more readily performed on helium the
same schedule for helium breathing was used as for air breathing (paragraph
6) but, as noted above, the low oxygen percentage dictated turning over from
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air to helium at 100 feet on the descent and from hellum to a1r at the
90 feet stop on the ascents This schedule was tested in the sea and in
the dry chamber (recompression chamber).

RESULTS

10. First Period - 300 f4. Oxy-helium Dives

Dives in

Incidents

Time of |[Dives in
Dopih Dive sea ‘ReCe €, A B
300 13 mins 0 2 0 0
300 13 mins L. 0 1 0]

11« Now the one case of decompression sickness recorded in the table above
was the very unfortunate case of A.B. Wamnerton who progressed to paralysis
in the lower half of his body during the course of the therapeutic
recompressions The exact cause of this major incident is very difficult to
determines It is clear that signs of decompression sickness were present at
the 4O foot stop, thus either the rate of ascent following the changeover

to air must be considered to be responsible, or the rate of ascent on the
hellum mixture from 300 feet to 150 feet,. TeE

12. Erev1ous to this dive of Wannerton's six divers had Wlthstood this
part of the schedule without any trouble whatsoever, and the diver who
accompanied Wannerton also was untroubled at the 20 foot stop. This
Wannerton was the odd man out of eight divers. Nevertheless it is obvious
_that some allowance must be made for such persons, especially when failure
may entail such a disastrous attack of decompression sickness. Accordingly
it was decided to slow up the rate of ascent to the first true stop by means
of a series of small stops based on using 2 hypothetical tissue with a two
minute half-time and a decompression ratio of 1.5. The two minute half-time
was chosen because this corresponds to the half-time of the blood and lungs,
and bubbles in the blood were considered to be the major hazard of a too
rapid ascent. It was alsc decided to change the stop at which the transfer
under pressure took place. In the prcvious dives this had been at 20 feet,
because this was the only stop of sufficient duration to allow the whole
procedure to take place without undue haste. The new T.U.F. stop would be
at 100 feet and be of 8 minutes duration, thus bringing the diver inboard
for the whole of the decompression from 100 feet down to surface pressure
giving maximum possible safety. The introduction of these two extra
measures would considerably lengthen the schedule, especially if-the
original idea of surfacing from 20 feet was to be maintained. Accordingly
this latter idea was temporarily abandoned and a 10 foot stop was used.
A further ohanga was made to see whether the schedule could be shortened
and this was to try a 1.6 ratio instead of a 1.5 ratios. This schedule was
tested at A,E.D,U. by 10 divers and found to be unsatisfactory, in that one
bend and two or three 'niggles' resulted. Accordingly it was decided not to
. depart from 1.5 as a ratio, or 20 feet as the stop from which to surface.
The second phase of this trial was entered with the following decompre ssion
schedule for use with 5/95 oxy-helium as the breathing mixture :-

Depth Time §m1n52

Leave surface O
Arrive 300 feet &

Leave 300 feet i

Arrive 190 feet 14
Leave 190 feet 4 16%
Arrive 160 feet 17%
Leave 160 feet 18%
Arrive 130 feet 20%
T e dFm pee L nnl



Arrive 100 feet 23%;
T.UsPs stop 8 mins.

Leave 100 feet 31%)
Arrive 60 feet 33
Leave 60 feet 35
Arrive - 50 feet : 35%
Leave 50 feet b
Arrive LO feet 38 .
Leave L0 feet L0
Arrive 30 feet 40%
Leave 30 feet 52%
Arrive 20 feet 43
Leave 20 feet ; 105
Arrive surface 106 -

13« Using this schedule the diver descended on air and commenced breathing
the oxy-helium at 100 feet depth and continued breathing this throughout

the whole dive until, having completedsix minutes at the 100 foot T.U,P,
stop, he removed the mouthpiece and went straight back on to alr breathing
for the remainder of the decompression. The first 4 dives on this schedule
in the recompression chamber were somewhat confused. All four men were
supplied from the same gas source simultaneously and a failure of the source
to cope resulted in men being sometimes on air and sometimes on oxy-heliuma.
In addition the time of descent to 300 feet was approximately 5 minutes and
the total dive time was 14 minutes instead of the stipulated 13 minutes.

Two bends and one mild bend resulted from this dive. Despite the mistaken
behaviour at depth the decompression was performed correctly and it was:
clear that the schedule was .too near the trouble levels This was further
confirmed by another 5 correct dives in which two of the divers were ob=
viously feeling ill effects. The cause of this was probably due to
decompressing on oxy-helium (5/95) as though it was air (20/80) and
consequently the divers were instructed in the next set of dives to turn
over to air breathing at the 190 foot stop and do the great majority of the
decompressing on air, This schedule proved to be a success and preparations
were made to conduct experiments in the sea.

14, Six dives were made in the sea and this resulted in one bend which was
not given recompression treatment and one case of temporary painful stiffness
after surfacing. At first this day's diving was considered a typical result
cf decompression schedule testing i.c. guite safe in the dry chamber but

not necessarily safe when. tested in actual. sea conditions. It was decided

to give two clear days rest and re~test the same divers on the third day
using the same schedule and again in the mea. In addition to re-testing
these divers it was also agreed that four divers who had not dived for some
days, but who had passed troublb—free “through the dxy chamber routine,

should alsc be dived.

154 The results were completely unexpected but so clear cut and easy of
interpretation that despite the set-back to the hopes of going deeper the
facts gathered are of great theoretical and practical importance. Only
eight men were dived that day, and not tery, as was originally intended.
This was because all pressure chamber facilities were occupied with divers
undergoing therapeutic recompressions by the time the last pair were due

to dive. ' To the results. Foux men who had dived entirely trqubla-free

on Friday July 13th complained of symptoms of decompression sickness at the
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20 foot stop during the dive on Monday July 16th., Any schedule which gives
decompression sickness at 20 feet in four fit men is very grossly wide of
the mark. Yet these men had already proved the dive was trouble f-~ee for
them both in the dry chamber and in the sea on the previous Friday. - Only
two conclusions are possible, cither the dives were not conducted -+ the
same manner on these two occasions or elsc the men themselves had cranged,

A careful check of the procedures adopted showed that the time-pressure
course of the sea dives on bnth Friday and lionday was identical and that

the composition of the breathing mixtures was identical, It could only mean
that the men themselves had changed. To turn now o the other four results
obtained that day. These were four divers who had not dived for some days.
Two of the four (FE and BO) had had trouble—free dry chamber dives on
Thursday 12th July and two others (SC and RO) had had trouble-free dry chamber
dives on Wednesday 11th July. Of the Thursday men one man (BO) had a bend
which rcsponded readily to therapeutic recompression, of the Wednesday men
both came through the dive with only minor troubles that required no therapy.
Thus although the numbers are small the situation presented seemed cepable
of only one interpretation.

TABLE I
Days Between Number Number Therapy
Last Two Dives of Men of Bends
2 4 L Table IV
~Tablie Ll
2 et Table I
L 2 6] Rest ‘

The column headed Therapy serves to show the decreasing severity of the
attaéks in the various cases., The men have changed in their sensitivity.

16, Let us now apply some elementary statistical analysis to the situation
presented by the sea dives. Fourteen sca dives were performed by a total

of 10 men, all using the same decompression schedule. Four of these men had
carried out 4 trouble~free dives in the dry chamber, 4 trouble-free dives

in the sea (Friday) and L bend dives in the sea (Monday). The distribution
of their bends performance is therefore 0,0,4 on the three occasions they
dived. This result has a relatively small probability of having arisen by
chance. There are 81 ways in which 4 bends may be distributed amongst k4
men on 3 separate occasionss The arrangement O, O, 4 is unique. Such
arrangements as 2, 1, 1, can occur no less than 12 times, and say 3, O, 1 or
1, 0, 3 occur L4 times each. There is thus approximately a 1 in 7 chance of
2, 1, 1, occuring, approximately a 1 in 20 chance of 1, 0, 3 occuring and only
a 1 in 81 chance of 0, O, 4 occuring. It must be concluded that the diving
results obtained were unlikely to have arisen by chance. Are sea dives
significantly more dangerous than chamber dives?. This question is unanswer-
able with the prescnt data because the 2 -sea dives which were performed
produced such different results. Clearly the Friday sea dive with one
untreated bend and a 'niggle' out of 6 dives is not significantly different
from O bends out of 6 dives which these same 6 men previcusly performed in a
recompression chamber, This set of sea dives is obviously worse than the
compression chamber diving in the sense that an incident did occur, but this
could well have been just random variation in the divers performences. The
sea dive on Monday was, as seen above, a very different affair and signifi-
cantly different from all previous diving for at least 4 of the men.
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17+« Further than these conclusions it is not possible to go with the small
numbers available. The conclusions was tentatively reached that Monday's
diving was different from all the previous diving because it re. resented the
end of a period of considerable diving activity using helium-oxy en at depth
and air as the decompression medium, This conclusion became rei. i'orced when
a further schedule was tested in the recompression chamber. This schedule
was calculated for 18% oxygen 827 helium at depth and oxygen as the
decompression medium. (Sec Final Schedule). Fourteen dives were carried

out in the recompression chamber on Friday 20th July and Monday 23rd July
using this schedule and one major case of decompression sickness ocourred on
Friday 20th July. This one case was a further piece of evidence for the idea
that some. residual effects can remain after oxy=helium diving and subsequent
air decompression, as this diver (M.R.) was the last man to suffer ill
effects from previous diving and in fact had complained of pain and stiffness
in the legs on the morning of Vednesday 18th Julye. This pain and stiffness
was directly atbributable to his unsuccessful dive on Monday 16th July and
the subsequent very prolonged therapy which terminated on Tuesday 17th July
at 2200 hours.

18. It 1s also necessary to note:—

(a) The therapy for many cases of decompression sickness from oxy-helium
and subsequent air decompression was not as dramatically effective as usually
experienced, Recurrences of signs and symptoms whilst still under

considerable pressurcs were not uncommon.

(b) & number of unusual after effects ocourred, Rubbery feeling in
legs, which in one or two cases persisted for many days.

(c¢) The type of decompression sickness was unusual. Numbness in the

‘buttocks, woolly feeling in the foot, stomach trouble and lower back pain

were common -ogcurrence Se

(d) The decompression schedule used throughout the period 10th to
16th July appears to become less and less effective with the passage of
ti}neq

19, Thus with this type of diving we appeared to be progressively
sensitising the divers. The time necessary between dives to ensure safety
must be of the order of 5 or 6 days, That a highly stable bubble system
oan be formed from this type of deep diving was amply demonstrated by the

“ difficulties encountered with the therapy. It is perhaps not too surprising

therefore that a dive which is apparently trouble free can leave behind an
unusually -stable asymptomatic bubbles Whilst one cannot really give credence
to a minute bubble (or bubbles) remaining intact for several days, it is
quite feasible that as a result of the presence of foreign bodies «(bubbles)
in the body for a considerable time there arises in the tissue concerned a
situation which is not normal, and consequently all subsequent .diving is
affcoted until the tissue returns to its normal state. This complicating
factor in decompression sickness is an extension of-findings that have been
known smongst compressed air workers for many years. Herc it has been known
that a work-up pcriod for beginners in compressed air is. good practice.

Such introductory periods serve to decrease the workers' chance of getting a
bend in his first few shifts.: It is further known that the work-up period
must extend over several days to be effectivé. This is then a further
example of a cumulative effect lasting overs several days, However, as
opposed to these findings we at Royal Naval Physiological Laboratory have
not discovered any such effects from air dives. For instance, quite
recently several men performed air dives to 30€ ft. with a bottom time of

11 minutes and this dive, which had a very short decompression schedule of
the type used aboard H.M.S. RECLAIM, never gave rise to trouble desplte men
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diving regularly every 48 hours, for runs of 3 and 4 dives at a time.

It must therefore be deduced that either the helium dives used aboard

He M. 8¢ RECLAIM were nearer to threshold bends than the correspon ing air
dives or that helium diving is more prone to produce bubbles whic-
subsequently stabilise with nitrogen when the diver is decompress ¢ on

© aire Consideration of the results tends to support both factors. It was
proved that by decreasing the total helium breathing time from 28% minutes
to 13% minutes, without altering the time and pressure course of the dive
in any way, then the schedule was turned from being a bend-prone one to
being a bend~free one, Thus less helium breathing using the same schedule
was safer, We are therefore nedréer to trouble on the oxy=-helium dive than
on the air dive, Accordingly the assumption that oxygen is playing a part
in bends formation and that, for dives to these depths, the hazard from
5/95 is similar to 2C/80 is not true. Using this assumption and decompressing
on 20/80 (air) from 190 ft. to the surface has just managed to render the
schedule safe for most divers. This presumably because there is always a
fairly large safety margin in most of the calculations. However, being a
'just safe' schedule has meant that after effects have been more likely.
Once this became clear in the course of the trial then a shif't was made in
the method of calculation, and for the last series of dives two magor changes
were mades

20s¢ In the first place the mixture used was 18% oxygen 824 helium and due
account was taken of the oxygen perocentage in the calculations, in the second
place oxygen was used from 20 ft., to the surface. This latter change meant
that the longest stop was spent entirely on oxygen breathings By this means
it was hoped to overcome all the troubles so far encountered, Any bubbles
formed upon surfacing would have a high oxygen content due to the oxygen
breathing at 20 ft. and would consedquently have a very short life span. This
would very much minimise the risk of any cumulative eff'cots from this type of
diving. Further, by making allowance for the oxygen content of the mixture
breathed at depth, the stops became deeper and longer than would otherwise
have been the casecs For instance 18% 05, 82% He has an equivalent air depth
of 310 ft. for a dive to 300 ft. Up to the present the calculations, being
based on an active role of oxygen, had assumed thc depth to te ' only 300 ft.
and the ratio used was 1.5, As it appears that oxygen is not playing such a
large part as was supposed then the new method of calculation is doubly safe,
gaining the benefit of an increased oxypen content and yet still using 1.5
ratlo. :

FINAL SCHEDULE

21. 300' for 13 minutes breathing 18% Oxyeen + 82% Helium

Depth (Feet) : Time (Minutes)
Leave surface 0
% Change to Oxy-Helium at 100

Arrive 300" 3

Leave 300! i 13
Rate 70' per mine

Arrive 200t 143

Leave 200" 16%
Rate 40O' per min.

Arrive 160" 17%

Leave 160! 195

Rate 30' per mins



Depth (Feet) : < . . Time (Minutes)
' Arrive 130" 20%
Leave 130! 22%

Rate 30! per'min

Arrive 100! ' 23%
Leave 100" 25%
Rate 20' per min :
Arrive 80! : | 26%
Leave 80! 28%
el ' Rate 20' per min. ;
Arrive - kit ok st ‘ ool
Leave 60" Gk
Rate 20' per min.
Arrive 50" 32 3
Leave 50! 3l
Rate 20" per min.
Arrive 40! 3k
Leave 40! 36%
Rate 20' per min,
Arrive 30! o
Leave 30! 45
Rate 20' per min,
= Arrive 20' % Change to Oxygen on 45%
Leave 20! srrival at this stop 57%
Arrive surface 58%
STOES: —
DEPTH (FEET) 200! 1601 130'| 100'| 8o'] 60'| s50'| Lo'| 30'| 20!
DURATION (MINUTES) | 2 2 2 2 2 2 2 2 o
G rmemend 8% Oxygen + 827 Helium ~——- y | 02

22, Tor sea dives on this schedule it was suggested that transfer-under-
pressure should take place at the 30' stop. For convenience it was also
agreed that gas change-over from oxy-helium to 100, oxygen could take place
after 6 minutes at the 30' stop. In the chamber dives these conditions were
strictly adhered to. This schedule was used with considerable success in
chamber dives (with exercise)s As explained previously, the sole case of an
attack of decompression sickness occurred to a diver who 48 hours prior to
this dive had suffered limb pains as a result of a prolonged sojourn in
compressed air, acting as attendant to a diver undergoing a therapsutic
recompression on Table IV.e This further emphasized the conclusions reached
sbove that insufficient time had been allowed between the dives, especially
when symptoms of decompression sickness are involvede
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CONCLUSIONS

(a) Diving on oxy-helium mixturcs using air as the decompre sing medium
is quite feasible and safe except when the diving interval is le. s than four
or five days. ‘ 5

(b) Calculating helium schedules in a similar manner to air schedules is
also successful except that rates of ascent to the firststop must be slower
on the helium mixtures. :

(e) Oxygen does not play as big a part in the aetiology of decompression
sickness as was suspected, and represents the only gas for breathing during
decompression at the lower stops in order to render repetitive diving a
reasonable proposition in deep diving.

(d) & good deal of successful air diving (chamber and sea) has been
carried out and it is clear that with minor alterations these new schedules
represent a major advance over the existing Table III schedules.



APPENDIX 3 TO A E.D.Us REPORT NO, XXIX

TRIAL ORDERS FOR HM.Se RECTAIM - PERIOD 25TH MAY -~ 5TH JUNE, 1962

Authority

1. Director General Weapons, Underwater Weapons Division's AC.525 dated
14th May, 1962.

Aim

2. To carry out trials to prove a new technique for Deep Diving (i.e, in
excess of 180 ft.) with a view to achieving depths of the order of one thousand
feet at a later date,

Ship and Authorities Taking Part

3s HeMsSe RECTATHM
Admiralty Experimental Diving Unit
Royal Naval Physiological Iaboratorye.

Date and Place

Le The trial will be carried out in Sor Fjord between 28th May and 5th
June, 1962,

Eguigmeg_'{_:.

5. As described in the enclosure to S, of D's 68.9. (232/62) dated 17th
May, 1962, The trial equipment will be delivered to H,M.S. RECIAIM before
departure for Bergen,

Conducst of the Trial

6. The trial is to be started with dives at a convenient depth with a
view toi=

(a) Proving new equipmento

(b) Assessing the fastest practical lowering rate of Submersible
Decompression Chamber and associated water level required.

(¢) Compiling decompression schedules frem results obtained from (b).

(d) Developing a drill to be used for subsequent deeper divess

7+ On satisfactory completion of the tasks emmerated in paragraph 6 above;
the diving depth is to be increased by suitable increments to a maximum of 450
feeta

8. Scrubiny on the performance of the divers is to be maintainad. The
least suitable are tc be eliminated from the trial, A team of six of the mest

experienced divers should be nominated for the subsequent deeper trials,

SAFETY PRECAUTIONS

9, Decompression

(a) Schedules for each specific depth and time under wompression will be
provided by Mr, Hempleman P¢S.0s = RN PoLs

(b) The min Recompression Chamber is to be kept available for immediate
use throughout the trials,

(c) Divers are to remain onboard H.M.S, RECIAIM for 4 hours after a dive.

RESTRICTED



-0 e

(d) Adequate personnel should be retained onboard H.M.S) RECTATH to deal
with any diving incident whioch may arise as a result of diving,

(e) Arrangements should be made to ensure that sheuld a diver become
urrvell whilst ashore, he can be returned to H,M.S. RECIATIH immediately,
This should be promulgated to all divers,

10, B[e&ica.l

Divers are to be medically examined before and after each dive,

11 Stand-by Diver

(a) With diving technique to be used, one diver in the Submersible
Decompiression Chamber is to act as Stand~by for the other, Only one
diver is to leave the Submersible Decompression Chamber at any one
time except where an clnergency may require the second diver to go to
the other's assistance, '

(b) A diver, with Swimmer's Alr Breathing Apparatus equipment is also to
be available in the Diving Flat to assist in any difficulties that
may arise with the Submersible Decompression Chamber or Divers near
the surface, -

12. Emergency Surfacing

A boat is always to be available during diving operations to assist a . diver
in difficulties on the surface and in addition, a diver fully equipped in
Underwater Swimmer's Dress and a long recovery line is also to be available in
case a diver surfaces away from the ship and urgently requires recompression,

13+ Diving Intervals:_

Divers are NOT to dive more “Ehan once in 2l hours,

1hs Responsibilities

The Commanding Officer HaMSe RECTATM is in general charge of the
trials, ‘

Lieutenant Commander GelfeH, TRUM/IOND - .

Representative of the Superintendent of Diving.

Responsible to the Commanding Officer H,M.S, CLATH for the safe
conduet of the trials,

Surgeon Iieutenant Commander D.E, MACKAY, Medical Officer - Admiralty
Experimental Diving Unit.
Medical Officer fur the e o

Mry HoV, HEMPIEMAN, P.S.0, = Royal Nayval Physiological Iaboratomy,
Respongible for Diving Physiology and Decompression Schedules.

Mo S WILLIANS, E.O. - Admirelty Experimental Diving Unit,
Responsible faor design and operation of trial equipment.

15« Mr, WILLIAMS is 4o Prepare an interim repert immediately on

completion of the trial, in order that Plans can be deawn up for HeM.S, RECIATM!s
2nd Diving Period,

; A full report of the trial is alsc to be prepared by Mr, WILLIAMS %o
include detailed reports from other Trials Officers ag appendices,

RESTRICTED
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TRIAL ORDERS FOR DEEP DIVING TRIALS =~ PERIOD 30th JUNE TO 27th JULY 1962

Authority

1., Director General, Weapons, Underwater Weapons Division's AC.525 of 14th May,
1962,

Aln
2, To carry out trials to prove a new technique for Deep Diving (1se0 in
excess of 180 £t,) with a view to increasing the operatiomal potential of Royal

Naval Divers.

Ships and Authorities Taking Part

3' H.]\”I.Sh REOIAIL’I )
Admiralty Experimental Diving Unit,
Royal Naval Physiological Iaboratory.

Date and Place

Lo The trial will be carried out in Sor Fjord between 20th June and 27/th July,

Equipment

5, As described in the enclosure to S, of D's 68.9.(232/62 of 17th May, 1962)
with minor adjustments as a result of experience during previcus trials.

6, The S.DsCe panel and T.U.P, panel gauges are to be checked for accuracy
daily with a Dead ILoad Tester.

Conduct of the Trial

7. The trial is to be started with each diver making 2 dives to 180 £, and 2
dives to 250 ft, on air, The trial will then be continued using Oolle, to 300 fta
for all divers and thence to 450 ft. maximum with a selected number of divers as
governed by the quantity of helium availlable.

8, Decompression schedules for dives deeper than 300 ft, are to be tested in
the Recompression Chamber before being used in the sea.

SAFETY FRECAUTIONS

9. Decompression

(a) Schedules for each specific depth and time under compression will be
provided by Mr, Hempleman P,.S.,0, = RN.P.l.

(b) The main Recompression Chamber is to be kept available for immediate
use throughout the trials,

(c) Divers are to remain onboard H.M.S. RECIAIM for L hours after a dive.

(a) Adequate persomnel should be retained omboard H.M.S, RECLATM %o deal
with any diving incident which may arise as a result of diving.

RESTRICTED
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(e) Arrengements should be made to ensure that.should a diver become
umwell whilst ashcre, he can be returned to H.M.S. RECIATM immediately,
This should be promulgated to all divers.
(f) Close observation of the performance of the divers is to be
maintained and any showing signs of unsuitability for these experiments
are to be eliminated.
Medical

10, Divers are to be medically examined before and after each dive.

Stand-by Diver

11, (a) With diving technique to be used, one diver in the Submersible
Decompression Chamber is to act as Stand-by for the other. Only one
diver is to leave the Submersible Decompression Chamber at any one time
except where an emergency may require the second diver to go to the
other's assistance.

(b) A diver, with Swimmer's Air Breathing Apparatus equipment is also
to be available in the Diving Flat to assist in any difficulties that
may arise with the Submersible Decompression Chamber or Divers near
the surfaces

Emergency Surfacing,

12, A boat is always to be available dwring diving operations to assist a
diver in difficulties on the surface and in addition, a diver fully equipped

in Underwater Swimmer's Dress and a long recovery line is also to be available
in case a diver surfaces away from the sghip and urgently requires recompression,

Diving Intervals

13, Divers are NOT to dive more than once in 24 hours,

Responsibilities

14, Iieutenant Commander G.!I,Hs DRUMMOND, Deputy Superintendent of Diving (desig).

Responsible for the conduct of the trials,

Surgeon Lieutenant Commander D.,E, MACKAY, Medical Officer - Admiralty
Experimental Diving Unit.
Medical Officer for the trial,

lMres HeVe HEMPTEMAN, P.S.0, - Royal Naval Physiclogical Iaboratory.
Respronsible for Diving Physiology and Decompression Schedules,

Mr, 3. WILLIAMS, E.0, = Admiralty Experimental Diving Unit,
Responsible for design and operation of trial equipment,

Reparts

15, Lieutenant Commander TRUMMOND is to prepare a complete report of the trials,
including the reports of other representatives as appendices.

RESTRICTED



APPENDTX 5 TO A.E.DeU, REPORT NO, XXTX

From: The Chairman, To: Director General, Weapons,
R.N:PsR.Ca Underwater Weapons Division,
Date: 29th June, 1962.
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The detailed report of the results of the diving trials carried out in
H.f.S. RECLAIM during the perdicd 29/5/62 and 5/6/62 has now been received from
Se of De and studied with parfticular reference to the medical and physiological
implicaticns of the incidents which coourrede The case of Wanmnerton has besn
the subject of careful consideration, The letber from the Flag Officer for
Scotland, and the findings of the Board of Enquiry on the diving accident to
Waanerton have also been considered. The mein conclusions reachsd at the
meeting eonvened by DeU.W, on 27th June, 1962 have been discussed with
Mre HeV, Hempleman (R.NeP,L.) 2nd Mr, F,E, Smith (Secretary RoNsPoR«Co) who
were present as no minutes of the meeting are yet available.

Fellowing discussion, the endorsement by the R.N.PeR.C. of dives to 150 ft,
which are due to commence in HeM.S. RECIAIM from 21st July, 1962, is veaffirymed
subject to the following conditions which are now imposed in light of the infor=-
mation gontained in the papers referrved to above,

The purpose of these conditions isg; on the one hand, to make it pessible
for H.Se RECIATM to keep to the experimental diving programme and, on the
othery; to mrevent further incidents which might well jeopardise plans for the
future and the achievement of the aim of the trials; i.e. to dive to 1,000 ft,
The proposed econditions take acacunt of the fact that the trials are baszed on
still unproved tables, and that the purpcse is to establish an operational
schedule rather than simply to achieve, cnce or btwice; some given depth.

(1)  Every case of any pain, disability or itching (other than mild
itching) should be regarded as decompression sickness,

(ii) Therapeutic recompresslon should be enforced rigorously according
to the Therapeutic Tables. In addition, in the events of a
recrudescence of the symptoms at 165 £to the diver should be
returned to his working depth using the gas mixture he breathed
during his dive, No patient should be decumrressed until it is
proved that no improvement can be obtained by further compressione

(iii) No diver should be exposed to depths desper then 200 fta on
successive dayse, If a diver is exposed to a depth of 300 ft. or
more he should not be permitied to dive again for 48 hours,

(iv) Diving should comence at 300 fte with inorements of 50 ff, subject
tn the fellowing provisca:-

(a) Every diver available should carry out a satisfactory dive ia
the Recompression Chamber and in the sea at a given depth
before deeper dives are undertaken.

(b) If this is not practicable at least 10 satisfactory dives in
the Recompression Chamber and 10 dives in the S.D.C. should
be made at each depth.

(e) A satisfactury dive should be considered to be one in which
there is nw decompression sickness ag defined in (i) above,

(d) In the event of an unsatisfactory dive at a given depth, the
tables should be modified and satisfactory dives carried ocut
before deeper dives are attempteda

Ref: AC 525 of 14/5/62, (signed) G.L. BEROWN,
UPS 3/62 of 19th June,
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APPENDIX 6 TC A.F.D,U, REPORT N0, YXIX

DRTLL FOR DEEP DIVING USING SURFACE DEMAND DIVING EQUIPMENT
FROM A SUBMERSIBIE DECOMPRESSICN CHAMBER

The following are required:~

(a)
(v)
(o)
(a)
(e)
(£)

(g)
(h)

(3)

(x)
(1)
(m)

(n)

8.D.Cs Panel Overator. Communications, control of air supply valves
and relaying of depth readings.

Regorders Compilation of Form 3, 288 and regulation of timing

Schedule s

No. 1 Winch Operator, Hoisting and lowering S.D.C. on purchase wire
at varying speeds as ordered,

Mo, 2 Winch Operator, Holsting and lowering topping 1ift as ordered.

Speed Controller, Regulating rates of ascent and descent by stop
watche On descent; counting the number of revelutions of the winch
drum to obviate any ervors by the wire chacker,

8.D.Ce Wire Checker, Continuous checking of depth by wire seizings on
purchase wire. '

Transfer Under Pressure Pansl Operator. Controlling T.U.,P. Routines

Transfer Under Pressure Chamber Attendant. For cloging the heavy top
hatch in the T,U.P. Chamber after transfer.

Capstan Operator. For swinging the S.D.C. into position above the
TeUng Gm‘ﬁbﬁt‘ by‘ pUW@ro

Guy Hands, For contrelling guys and for steadying S.D.Ce during
Tocking on and unlocking.

Nog 1 Divera In S.D.C.
Ho, 2 Diver, In S.D.C,

‘Nos 1 Stend-by Diver. DIressed in Underwater Swimmers' Dress with
SQ_AQBQAQ Set I‘eady 1:0 P‘U.t Olle

Nos 2 Stand-by Diver. Dressed in Underwater Swimmers! Dress and ready
to swim out with a recovery line should a diver surfacee

(i) No. 1 Winch Operator mans the winch on the side of the ship on
which the S.D.C., 1s being operated,

(ii) Stand-by divers are normally the divers for the dlve after the

one in progress.

CHARGING AND TESTING EQUIPMENT PRICR TC DIVING

2o The following points must be considered:-

(a)

(v)

Test‘all gauges with Dead Ivad Testers This should be done at
sufficiently close intervals to ensure accuracy.

Build up air line pressure to 3,DeCe t0 450 pesei. and hold at this
Pressure for 2 minubtes to test for leaks.
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(¢c) Test telephone and lighting circuits to S,D.Ce including "cut-out" push,
() Charge S.D.D:E. sets and check automatic ocut-in.

(e) Chorge extermal cylinders on S,D.C, and test for leaks.

(f) Stow ancillary equipment in S.D.C. = fins, torch, mallet, spanners etce

(z) Hoist S.D.C. Over the side and submerge completely to test for leaks
(bottom door open)s

(h) Raise S.D.C. until bottom is about 1 fte below the surfaces The S.D«Ce
is now ready for the diverss

CARRYING OUT THE DIVE

3, Before the dive starts:-

(a) TFirst four divers get dressed in Underwater Swimmers' Dress = 2 divers .
and 2 Stand-by divers. ;

(b) The two divers drop into the water from the ship's side diving doorg
duck under the S.D.Ce« and enter it by the bottom door.

(¢) No, 1 Diver closes equalising valve on deck of $.,D.C., closes control
valve for chamber air, sets the line pressure for the S,D.D.E's and
tests communications with S,D.C. Panel Operators

(d) S.DeCe Panel Operator opens S.D.C. Air Supply Valve fully.

(e) Nos 2 Diver puts on his fins and sits on deck of S.D.C. with his feet
out through the bottom doors No, 1 Diver puts S.D.DiE. set on him -
face mask off, .

Ls The dive now proceedsi=~

(a) S.D.C. Panel Operator, "Testing Communications -~ How do you hear me".

(b) 8.D.,C. One blow with mallet signifying "Message has been heard and
communications ars satisfactory"s

(2) Panel. "I hear you loud and clear" (on hearing the blow) "Report when
ready to leave",

(d) 8.D.C. = One blow (to acknowledge message) followed by 5 BELLS when
ready.

(e) Recorder. "One Minute To Go", This is to give the Well Deck Party a
"Stand=by". If the Panel Operator keeps his telephone push dewn it
also gives the divers a warnings

(£f) Panel, "Iower". Again telephone push should be pressed so divers can
hear this order,
The S.D.C» is then lowered at 100 ft/min, the contr¢l valve in the
chanber being opened and the air supply regulated by the divers to
maintain a convenient water level in the chamber, (N.B, Keeping abcub
2 f'te of water inside the chamber improves visibility through the
bottom door, aveoids waste of air and facilitates egress and ingress).
The SeDsCs can be stopped at any time by the divers (e.g. for ear
trouble) by pressing the "cut out" push and causing a "burst of silence',
The SsD.C. is stopped at the required depth by crder of the wire checker,
a cross~check is provided by the count of winch revolutions and,
eventually, by depth gauge readings (See (i)).

“
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(g) Panel., "Carry on with the Diver",

(h) 8.D.C, One blow ("Understood"). The Panel Operator can hear the
breathing cycle of the set and knows when the diver is breathing from
ite i

(i) Panel. "Open Contrcl Valve", This order is given after the main supply
valve on the panel has been closed and is used to register the depth at
the level of the water in the 8.D,C., allowance being made for the
pressure)required to open the non-return valve (should be less than
1 Peeals)e

(j) 8.,D.Co One blow,

e e

The Recorder calculates the timing of the dive and passes the varicus
times to the Panel Operators. ,

Half way between the time of starting the dive and two minutes before
the time of leaving bobtom:-

(k) Panel, "Change over divers",

e

(1) SeD:C. One blow ("Understood"), 5 BELLS by No. 2 Diver when Noo 1
Diver is in the water, :

Two minubes before the time to leave bottom:-
(m) Panel, "Call the Diver In., Report when Ready to Leave"s

(n) S8.D.C. One blow, followed by 5 BELLS when ready to leaves

(0) Panel, "Understood", "Stand by", "Hoist".
As the S.D.C,. is raised at a laid down rate, according to the schodule
in use, the panel operator calls out each 10 ft. reading from the gauge
to emable the Speed Controller to check the rate of ascent by stop
wateh and adjust the speed of the winch accordinglye The S,DeC. is
stopped at the appropriate depths for each stop by the wire checker.

At the stop before the T,U.P, Stop:=
(p) Panel, "Stand by Bottom Door",

(q) SsDeC. One blows, The door is lowered and held ajar by leaving a clip

-

on top of a doge
When the 3.D.C. reaches the T.U.P, Stage:-

(r) Panel, "Close Becttom Door",

(s) 8,DeC. One blow followed by 5 BELLS when door is olosed,

(t) Panel. "Hoist and T.Uc.P.".
’l‘h.e'S?D.&i is now raised at maximum speed congistent with safety and
positioncd on top of the T,U.P, Chamber. The T,U.P. Panel Gperator
locks on the S8.D.C. and raises the pressure in the T,U.P. Chamber to
that in the S8.D.C.
On hearing the shut-off of air into the T.U.P.:-

(u) Pancl. "Equalise and TLock Through",

The bottom door is cpened and both divers drep into the T.U,P. chamber
where the top hatch is closed by the T.U.P. Attendant,
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(v) T.U.P, Panel Operator. "Locked Through., Hatch Closed!,

The vents on top of the S.D.C. are then opened and, when the pressure
has fallen to atmospheric pressure, the S.D.C. is unlocked and re-
positioned in the water alongside the diving door ready for the next
dive,

The decompression of the divers in the T.U.P. Chamber is carried out
in the normal way, the necessary information from the Recorder being
passed by telephone to the T.U.P. Panel Operator.

OXY-HFLIUM DIVES

5¢ The above drill is related to air dives to depths not exceeding 250 ft.

For deeper dives using oxy-helium mixtures the drill is similar except for the
additional requirement to change over from air to oxy-helium and vice versas

In the 1962 trials decompression was done on oxy~helium or air, In fubure trials
it is likely to be done on oxy=~helium or pure OXygene

6o The variations in drill are as follows:—

(a)

(e)

On descent the S.D.C. is stopped at 100 ft, by the Wire Checkere
This is the signal for both divers to put in their mouthpieces and
start breathing oxy-helium. When both are on mixture 5 BELLS are
signalled on the "Cut Out" Push. On receipt of 5 BEILS lowering is
resumed,

At the bottom "Carry on With The Diver" is answered by one blow
followed by 5 BELLS when the diver leaves the S.D,C,

(N.B, This differs from the procedure for air diving, paragraph 4(h),
because)the divers will have been breathing from their sets from

100 ft,

On hoisting, both divers continue to breathe oxy-helium from their

sets until the T,U.,P, Stop is reached,

(NeBe This is only applicable if the later stops are being carried

out on air, The change over from oxy-helium t0 some other gas will
depend on the schedule in use),
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