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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
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(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



APPET‘]DIX l|- TO AOEOD’:UO R:EE)O.RT NOn X}i:.:‘:

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
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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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