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INCE the war, mountaineering opinion has swung from serious 
doubts about the advantages and propriety of using oxygen in 
high altitude climbing to a more definite belief in its merits. So 

much so, that from the start of the preparations for the recent ascent 
of Mount Everest there was no doubt that oxygen would be taken, and 
further, that all the assaults would be planned to use it, probably from 
a comparatively low level. 

The initial work on the apparatus was carried out by a committee 
under Sir Bryan Matthews, which decided that, in view of the limited 
time available for development, the apparatus should follow the widely 
used open circuit principle, and should use a compressed gas source. 

Reasons for using both Open and Closed Apparatus. 
However, the party led by Mr. Shipton to Cho Oyu, ' :vhich included 

the nucleus of the successful Everest party, had with it not only assault 
apparatus using a small reservoir bag with flow controlled by biting 
on a mouth-piece (as used by Finch in 1922), but also experimental 
apparatus capable of giving much higher concentrations of oxygen. 
The climbers who used this apparatus returned convinced of the 
advantages of a higher partial pressure than is practical with an open 
circuit set ; and they were satisfied that, provided it had a sufficiently 
low resistance, a face mask could be tolerated by climbers. Both 
points had previously been open to doubt. 

This favoured the use of a closed circuit set, but with the very short 
time then available it was considered impracticable both to develop 
a suitable set and to prove its reliability on acclimatised subjects at 
altitude. 

Mr. Shipton, supported by the Matthews committee, therefore de
cided that the expedition must rely primarily on an open circuit 
apparatus, but that closed circuits would also be advantageous. 

The open circuit apparatus had the highest practical flow rate. It 
used a low pressure side based on that developed by J. E. Cotes for 
Cho Oyu, and a high pressure gas supply similar to that made under 
the direction of Peter Lloyd for the same party. 

The closed circuit set had necessarily to involve the least possible 
development work and to be capable of quick production. For these 
reasons oxygen was supplied from high pressure cylinders as used in 
the open circuit sets, and soda lime was used to absorb carbon dioxide. 
Both these sets are described in more detail elsewhere.1 

1 Open circuit: London R.A.E. News, Vol. 6, Aug. 1953, 4· Closed circuit: 
Bourdillon et al., A.]. 59· z88. 
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It was further decided that oxygen should be used by the assault 
parties while sleeping. Fortunately a very light and simple system 
used by the British Overseas Airways Corporation was suitable for this, 
with only minor modifications. 

Apparatus taken out. 
In September, 1952, Colonel Sir John Hunt, on taking over the 

leadership of the party, drew up detailed assault plans from which the 
quantities of oxygen required could be calculated. Since the light-alloy 
cylinders could not be obtained in sufficient numbers, standard R.A.F. 
wire-wound steel cylinders vvere also taken. These were overcharged to 
nearly twice their normal working pressure, and then had about the 

· same capacity /weight ratio as the light alloy cylinders, but were more 
awkward to carry owing to their greater diameter. 

There was thus an undesirable diversity in the oxygen stores taken 
out. These included :-

6o light-alloy cylinders, each holding 8oo litres, 
100 steel R.A.F. cylinders, each holding I ,400 litres, 

I 2 open circuit assault sets, 
8 closed circuit sets, 

12 training and carrying sets, · 
8o soda-lime canisters, 
I 2 sleeping sets. 

. 

The numbers given for each type of set are the maximum number of 
that type that could be used at one time. Many of the components 
were common to different types of set. The total number of sets that 
could be assembled at one time was limited by the supply of these com
ponents, and was therefore considerably less than appears from this list. 

This equipment when crated had a gross vveight of about 2! tons. 
It ·was flown out to India in two consignments, the first primarily for 
use in training and testing during the preliminary acclimatisation period, 
the second for the assault proper. 

Faulty Cylinders. 
There had not been time for the cylinders of the first consignment 

to be left under pressure and vvatched for leaks over a period before 
their despatch~ and it was not practical to test the cylinder pressures 
during the march to Thyangboche. 

When we arrived there we found with some consternation that of 
the 48 R.A.F. cylinders we had with us, I 5 \vere either completely 
discharged or so nearly so as to be useless. Since there was not time 
to get further cylinders from Britain for the assault we had to save some 
of . the training cylinders to allow for the possibility of those in the 
second consignment having a similarly high percentage discharged. 
This involved very drastic curtailment of our training programme, 
and when the party reached Everest it had not as much experience in 
the use of oxygen as had been intended. · 
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Preli1ninary T1·aining. 
Considerable importance ' .vas attached to preliminary training in the 

use of oxygen. In Britain most of the expedition had been able, 
through the kindness of the Institute of Aviation Medicine at Farn
borough, to enter a decompression chamber and undergo pressures 
equivalent to 3o,ooo ft. altitude both with and '"'ithout added oxygen. 
This was of value in emphasising the insidious onset of loss of con
sciousness at lo'v partial pressures of oxygen and in providing con
ditions in \vhich the benefits of additional oxygen \vere obvious. Such 
conditions \Vere lacking during most of the training \vhich was neces
sarily carried out at relatively low altitudes and with lo'"' oxygen flow 
rates. 

'iVhilst on the march from Kathmandu to Thyangboche, the climbers 
""'ere asked to '"ear the open circuit tnask for long periods. This was 
done because reports of pre-war expeditions suggested the possibility 
that the use of a face mask at high altitudes might cause acute discom
fort and claustrophobia, and it \vas thought desirable that the climbers 
should become accustomed to -vvearing masks under the comparatively 
easy conditions of the march out. In fact, while the masks were some
times unpleasant to -vvear in the high temperatures prevailing during 
the march, no discomfort \Vas noted later on the mountain, possibly 
because the resistance to breathing through them was very low. 

'¥e arrived at Thyangboche early enough to spend about a month 
in the mountains around the Everest massif, gaining experience -vvith 
our equipment and acclimatising vvithin the limits imposed by the time 
of year that is up to a height of about zo,ooo ft. 

The work done \Vith oxygen apparatus was limited, both by the acute 
shortage of oxygen cylinders, and because it is more pleasant at these 
altitudes for fit men to climb \vithout additional oxygen than with it. 
However, during this time every climber vvore the open circuit apparatus 
for at least one period of a fe\v hours, and most did some climbing while 
wearing the closed circuit. 

In addition, seven of our best Sherpas were given some instruction 
on the open circuit set. Only a short ' live ' run was possible because 
of the shortage of oxygen. This was carried out at I 6,ooo ft. and on 
a flow rate of 6 litres a minute. It was of great interest in that all 
these very fit men derived major benefit from the oxygen. They 
reported that \valking up-hill with it was like \valking on the level 
vvithout it. 

Troubles with the High P1~essuTe Side. 
This interlude was also of much value in revealing several troubles 

with the apparatus that would have been more serious if first discovered 
on Everest. Of these the more notable were as follo\vs :-

The intermediate pressure connections, although nominally standard 
fittings, \vere not made to sufficiently close limits, and were thus not 
all interchangeable. rfhis \vas serious, since it meant that the most 
thorough checking \Vas necessary to ensure that the cylinders, reduction 
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valves, and outlet manifolds sent up to any camp could be used 
together. 

The high pressure connections were !-in. copper unions, and we 
found that after they had been made and broken several times by 
muscular climbers, they were often difficult or impossible to seal. 

Some of the R.A. F. cylinders vvere fitted with stop valves which 
had a positive seal when either fully shut or fully open, but depended 
on a gland, usually leaky, at intermediate positions. In spite of pro
longed and repeated insistence on the need to have these valves turned 
fully off when the cylinders were not in use, and fully on when in use, 
not all the climbers \Vere able to remember this when high on Everest, 
and much oxygen was lost as a result. · Further, a few of the valves 
suffered either from bent spindles or damaged seatings and would not 
seal even though fully opened. 

These valved R.A.F. cylinders were used vvith separate reducing 
valves, and many of the reducing valves were found to leak from a hole 
inadequately plugged with solder. In some cases this plug blew out 
(with a noise which was most alarming till one became used to it). 
Attempts to re-solder were uniformly unsuccessful, and many of 
the reducing valves were thus useless. At one time, of the valves we 
had with us only three were serviceable, a severe limitation on the 
number of training sets we could use at a time. 

Different reducing :valves gave different intermediate pressures, so 
much so that the same manifold gave rates of flow varying over a range 
I : I · 7 when used with different cylinders. 

These difficulties occurred with the high pressure components 
common to the Open, Closed and Sleeping Circuits. They point a 
number of lessons to anyone who may undertake high climbing in the 
near future ; and of these the greatest, until a satisfactory and reliable 
apparatus has become readily available, is the need for sufficient time 
for preparations. The difficulties we encountered in the field followed 
inevitably the extreme haste in which we had to produce the apparatus. 
This was necessarily makeshift, unproven, and heavier than it need 
have been. 

Second only to this is the need for extreme simplicity in use. This 
tnust be emphasised. Shipton has likened the climber vvithout added 
oxygen high on Everest to a' sick man climbing in a dream,' and it is 
a good description. As an example, some of the party when on 
Everest were unable to make simple connections of pipe unions. 

Preliminary Work on Closed Circuit. 
By the end of the training period most of the party had worn the 

closed circuit for some hours without any serious trouble, except that 
at these comparatively low altitudes the temperature of the inhaled 
gas was undesirably high. The dry shavers proved slow in use but 
satisfactory. The C.D.E.E. mask was more comfortable than the 
Veedip mask and was used except for climbers with high bridged noses 
on whom the latter gave a better fit. 

I 
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A number of experimental runs was made, mainly to establish 
endurances of cylinders and canisters. In one of these a zoo-lb. 
subject climbed from 16,ooo ft. to 19,300 ft. over easy ground in 
3 hours using one canister of soda lime and about S so litres of oxygen. 
A particularly satisfactory feature of these trials was the very sharp 
canister exhaustion which meant that the canister filling was very good, 
and that no shifting of the matrix had occurred during the necessarily 
rough journey out. With a less well filled canister the exhaustion would 
have been gradual that is considerable CO 2 would have passed before 
all the soda lime was exhausted and the utilisation of soda lime con
siderably less efficient. In the trial mentioned above a definite increase 
in ventilation rate was noted only so ft. above the point at which it was 
first suspected and at a point I oo ft. higher the ventilation rate was 
maximal when the subject was, perforce, resting. 

After finding how much leakage from cylinders had occurred during 
the journey to Thyangboche, we had sent a message to Major Roberts, 
who was bringing out the second consignment of oxygen apparatus, 
asking him to check its condition. It was a relief to get his reply that 
there was little wrong, and on his reaching Thyangboche to find that 
very few of the cylinders had discharged during the journey. In 
particular, of the sixty light-alloy cylinders assembled by N ormalair 
Ltd., only three were below their fully charged pressure. 

There followed a good deal of work in checking stores for transport 
to Everest and for the build-up to the high camps. This produced 
a strong belief in the desirability of each cylinder having an individual 
pressure gauge mounted on it (and indicating either continuously or 
on opening a valve), of packing cases that could be opened and 
shut again more quickly than by unscrewing and re-screwing a lid, 
and of the minimum number of different types of high pressure 

• equ1pment. 

Trials in the Cwm 
Towards the end of the build-up and before the assault proper a 

. number of runs at heights between zo,ooo ft. and zz,soo ft. were made 
by Evans, Hunt and Bourdillon using the closed circuit. These were 
mainly of value in training climbers and in proving the reliability of 
the apparatus at these rather greater altitudes. In the windless con
ditions and with the very high radiation temperatures then prevailing 
in the cwm the apparatus again proved uncomfortably hot. ~ 

One effect that had not been observed lower down showed up very 
definitely in the cwm. Each of the three climbers using the closed 
circuit in the cwm noticed it, both on himself and on his companions. 
When the apparatus had been worn for a climbing day the user ex
perienced for one or two hours after taking it off in the evening the 
symptoms of being at a height substantially greater than that to which 
he was acclimatised. That is, principally, slowness in any physical 
or mental act and extreme lassitude coupled with lesser idiosyncrasies 
of speech and memory that varied with individuals. 

VOL. LIX. NO. CCLXXXVIII s 
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This effect \vas first noted by Hunt, Evans and Bourdillon after 
carrying loads between Camps II and IV on May 1st, and again on the 
next day when the same party had returned to Camp IV after carrying 
out a reconnaissance from that camp. It was so marked as to become 
a standing joke in the party, but fortunately was of little inconvenience 
since the chief effects wore off in less than two hours. 

During this period Hillary and Tenzing, using open circuit apparatus 
at a flow rate of 4litres a minute, climbed from Base Camp (r7,goo ft.) 
to Camp IV (21,200 ft.) and descended in the same day. The oxygen 
seemed to · effect a marked reduction in the sense of effort and. in fatigue. 

~ 

The Lhotse Face Reconnaissance 
Towards the end of the build-up of stores in the cwm it became clear 

that the problem of making a route for Sherpas up the Lhotse face to 
the S. Col would be hard. Colonel Hunt decided that a reconnaissance 
of the face should be made. This 'vas done by Wylie, Ward, Evans and 
Bourdillon, the first pair using open circuit apparatus and the second 
closed. 

We were to attempt a comparison and a reliability trial of the two 
sets in addition to our primary task of climbing as far up the face as 
was possible in tw~ days. We had with us three Sherpas, Gelgin, 
Annullu and Ang Nyima, all of them competent on crampons. The party 
set off from Camp V (22,ooo ft.) on May 4th and made good time to the 
foot of the steep ice of the Lhotse face. Mter a considerable amount 
of work had been expended in the first one or two hundred feet of steep 
ground, Ward and Evans found a good line and led the party up some 
very enjoyable mixed ice and snow. Only a gross difference in per
formance of the sets would have shown up in these conditions, since 
the whole party's pace -vvas necessarily set by the man doing the step 
cutting. 

No difference was noticed between Wylie, Evans and Bourdillon, but 
Ward presently said that he was having to make a disproportionate 
effort to keep up. Examination of his set by interchange of its corn- .... 
ponents with Wylie's, using the rate of filling of the economiser bag 
as a flow-meter, showed that he was getting an actual flow rate of 
It litres a minute where he should have had 4· This was due to a fault 
in the reducing valve, which was giving far too low an intermediate 
pressure. Since we were unable to reduce the fault with the few tools 
we had with us, Ward waited at this place. The closed circuit appara
tus and the remaining open circuit were working well and we were 
able to make good progress although much step cutting was necessary. 
For the closed circuit pair conditions were definitely better than they 
had been in the cwm, where the apparatus had been most unpleasantly 
hot. The climbing continued to be very pleasant until we came to 
a very long and rather exposed traverse. The whole rope Bourdillon
\Vylie-Evans was committed to this traverse and was without security, 
when I heard rather faintly behind me Wylie's voice saying ' My 
oxygen has given out, what shall I do ? ' 



OXYGEN APPARATUS ON THE MOUNTAIN 
• 253 

The rest of the traverse was rather anxious, and it vvas a relief to 
reach a satisfactory stance. We had noticed lower down that the 
sudden cessation of oxygen supply while the user was moving resulted 
in a very high ventilation rate and some weakness for a few minutes. 
We had no experience of it at this altitude and were not sure how drastic 
the effects might be. Fortunately Wylie stayed in his steps and was 
able to complete the traverse. He had been using open circuit apparatus 
at a nominal flow rate of 4 litres /minute and at this rate should have 
had an endurance of five and a half hours. In fact either the true 
rate of flow was more than 4 litres /minute or his set had a slight leak. 

Just above the end of this traverse we \V ere glad to find the remains 
of a Swiss camp of the autumn, set on a ledge at about 23,<?00 ft. This 
ledge was big enough to accommodate a Meade tent, and was the first 
reasonably flat ground we had seen for some while. Part of the ledge 
was banked up with snow and when clearing this we were delighted to 
discover four full Draeger oxygen cylinders. 

After helping to pitch the tent, Wylie went down with the Sherpas, 
who had come up very well. Evans and I settled down to cooking 
and to preparing our apparatus for the next day. This involved 
changing the canisters and cylinders, and drying the valves, since other
wise they froze up shortly after removal of the set. These things took 
a very long time for we were not using oxygen in camp and the hypoxic 
symptoms we had noticed in the cwm immediately after taking off the 
closed circuit set in with more severity than before. 

I remember vvatching Evans sitting cross-legged and holding a 
saucepan of hot cocoa which he was pouring slowly on to the tent floor 
beside an empty mug. I was using a spanner and each time I had 
tightened a nut would put it down beside me. When I wanted it 
again, a long search was necessary, and each time it was found I would 
make a resolution without effect to put it down only where it could 
not be missed again. The condition might perhaps have been alleviated 
by forced breathing had \Ve tried it. Fortunately these effects are 
short lived. 

We wore a sleeping set that night for the first time, using two Draeger 
cylinders. It was rather pleasant ~o find that the adaptors made in 
some hurry by Normalair for these cylinders (\vhich \Ve had not seen 
before) fitted perfectly and with no trouble, particularly since the Swiss 
regulators we found with them were no longer usable. The Draeger 
cylinders lasted nearly five hours each at a nominal flow rate of 2 litres 

• a minute. 
Next morning we both felt very much rested, fit and eager to get on 

with the climb. 
The face above our camp continued to give good climbing, though 

the snow conditions were bad. There had been snow-fall in the after
noons for several days past~ and at this level it had not consolidated 
apart from a thin surface crust. The route-finding was not easy, and 
the climbing was hard work, since for much of the time \Ve were either 
step-cutting where the ground was too steep for snow to lie, or breaking 
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through the crust knee-deep into soft snow. It was very satisfactory 
, to find that we were able to make reasonable progress in these con

ditions, and to do so with remarkably little sense of effort. Less effort 
in fact than one ,;vould expect when carrying a similar load 24 lbs.
in the same conditions in the Alps. 

The apparatus worked very well until we came to a steep and 
unstable snow slope. We did not see any way to avoid this (though 
later Lowe made a better route which avoided it by a long traverse 
to the left and then back again). It was clearly most undesirable to 
traverse it, so I led straight up it and belayed to a piton driven into the 
ice-wall above it. Evans came through and cut a way to the right in 
the steep ice at the head of the snowslope, a delicate business in which 
handholds were necessary. I was using a body belay and when he was 
half way across the wall noticed that my ventilation rate was increasing 
rapidly. It became very great and I was very weak before I realised 
that the rope had caught on and pulled the drainage cork at the bottom 
of the breathing bag. This was causing partial replacement of the 
oxygen in the circuit by nitrogen, a most undesirable thing since under 
these conditions it would be possible to breathe gas containing less 
oxygen than air, if the oxygen supply was less than that consumed by 
the wearer. Turning the oxygen supply full on gave recovery sufficient 
to enable the cork to be replaced and the set flushed out. 

This was the only occasion in the expedition when a drainage cork 
came out without the user's knowledge and then it was due to gross 
clumsiness in belaying. Even so the incident has left a strong con
viction that there should be as few corks or joints as possible in a closed 
circuit climbing set, and that those that are unavoidable should be. 
both protected and easy to reach. 

We had no further trouble with the sets and soon after this incident, 
at a height of about 24,200 ft., we turned and went down past Camps 
VI and V to Camp IV. We were very ,;veil satisfied with the perfor
mance of the closed circuit set up to that height: it had made possible 
at 23,000 ft. what 'vould have been a good day's climbing at 13,ooo ft. 
in the same snow conditions, and that with very little more sense of 
effort or resulting fatigue than would have been expected at 13 ,ooo ft. 
We were also much impressed with the difficulties of the Lhotse face. 

Assault Plan 
After this reconnaissance the whole party returned to the Base Camp 

at Lobuje to recuperate, and Colonel Hunt outlined the assault plan: 
One pair was to start from the S. Col and go as high as possible in one 
day, returning to the col. On the next day a second pair was to start 
from the col with a carrying party and establish a camp as high as 
possible, and then attempt the summit from this camp on the third day. 

We were not likely to be able to carry to the top camp enough supplies 
for more than one summit party, and thus the other party had to start 
from the col. The open circuit, while more reliable, gave very little 
chance of reaching the summit frGm the col and was therefore to be 
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used by the pair taking two days for the assault. The closed circuit 
was still unproven at these altitudes and was to be used by the pair 
starting from the S. Col. Thus if it failed completely, it would not 
have wasted invaluable weight at the top camp ; if it worked fairly 
well it might result in steps and information useful to the second party ; 
and if it continued to v1ork as well as it had done on the Lhotse face 
it gave a good chance of reaching the summit from the S. Col. At that 
time we thought that there was a broad easy ridge from the S. Col to 
the summit. 

The S. Col Carry 
A very great deal of work was necessary on the Lhotse face to make 

a route up it for laden Sherpas. Most of this was carried out by Lowe 
and others, without oxygen. It is interesting that on tvvo occasions 
work was held up by cold extremities, a thing that was never observed 
with men using oxygen sets. 

The last part of the route to the col \¥as the traverse from the top of 
the Lhotse glacier. This was forced by Noyce and one Sherpa, Annullu, 
wearing open circuit sets on May 21st. On the next day a party of 
fourteen carried supplies to the col, led by Wylie and escorted by 
Hillary and Tenzing on open circuit sets. 

The First Assault 
On the 23rd Hunt, with Balu and Da Namgyal on open circuit, and 

Evans and Bourdillon on closed circuit sets, left Camp V ( 22,ooo ft.) 
for Camp VII (24,ooo ft.). The day was warm and windless and we 
reached Camp VI (23,000 ft:) fairly quickly, since although while we 
were heavily laden (carrying about so lbs. each) the track was now 
extremely good. At Camp VI, Evans and Bourdillon stopped to 
change canisters, since two unused ones had been left there and for 
laden men the endurance with only one canister \vas barely adequate 
for the z,ooo ft. climb over difficult ground from Camps V to VII. 
1"'he canisters at Camp VI were not in a tent and had been partly buried 
in wind-blovvn snovv. They were thus very cold. The introduction 
of this large cold mass caused the valves in both sets to freeze up, 
although in the still air and high radiation temperatures they had been 
comfortably, or even rather more than comfortably, warm during the 
climb. 

We had not before appreciated the severity of this problem of freezing 
caused by inserting a fresh cold canister in a set in use and therefore 
moist.2 It could have been met by connecting the upper spigot only 
of the fresh canister and using the set as an open circuit for a few 
minutes until the canister had warmed up. Unfortunately this did 
not occur to us until the first assault was over. A better solution 

2 One of the end-products of the absorption reaction is water. Thus a 
.. soda-lime canister gives off in use a considerable amount of water vapour. 

This is of great merit in high climbing apparatus since the climber breathes 
moist air and consequently does not suffer so badly from the sore throats nnd 
dehydration that have been characteristic of earlier attempts. 

• 
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would have been to connect the two canisters in series for a few minutes 
after inserting the new one. This we were unable to do since we had 
no spare connector tubes above Camp IV. After some delay we \Vere 
able to raise the canister temperature and unfreeze the· valves, but in 
more severe conditions, it vvould probably have been impossible. We 
completed the climb to Camp VII (24,ooo ft.) and spent the night on 
oxygen there without further incident. 

A fe\v minutes after starting on the next day Hunt said that he \Vas 
having to make a disproportionate effort to keep moving and suspected 
that he was getting no benefit from the oxygen. He was using an open 
circuit apparatus. Examination of his set showed that his intermediate 
pressure supply pipe had kinked and he \vas therefore getting little or 
no oxygen. When this had been corrected it was found that th~ 
nominally self-sealing 2 litre a minute 'Outlet was in fact not sealing. 
The only way in which we coul? stop the leak was to plug into this 
outlet, since vvith the leak the endurance of the set would have been 
intolerably shortened if he had to climb on 2 litres a minute. 

The climb from Camp VII (24,ooo ft.) to the S. Col (25,8oo ft.) 
seemed long and painful to the whole party. Evans and. Bourdillon 
were breaking trail much of the time in breakable crust, tJ unt with 
his defective set had only 2 litres a minute oxygen supply, and the 
Sherpas were without added oxygen. The Europeans were all carrying 
over 50 lbs. and the Sherpas about 40 lbs. 

It was a relief to reach the shoulder of the Eperon and a shock to see 
the S. Peak from there. Instead of the broad easy ridge we had ex
pected we saw a very fine steep snow peak. It was clear that after the 
first two or three hundred feet of more easy ground the climbing would 
be continuous to the S. Peak. This was depressing since \Ve were 
committed to start from the S. Col and the chance of reaching the 
summit from there in one day now looked very small. 

Two hundred feet below the shoulder we found the stores on the col 
and then for a most unpleasant hour and a half struggled to pitch a tent. 
1'he col must be one of the least hospitable places on earth. 

Evans and Bourdillon had gone from Camp VII (24,000 ft.) to the 
S. col (25,8oo ft.) with one soda-lime canister only, since we wished 
to carry as much useful load as possible in fact we were carrying over 
50 lbs. each. We had been breaking the trail in fresh snovv, which 
was very hard work, and the canisters lasted until we reached the col. 
They gave out a few minutes later and most of the work in pitching tents 
\Vas done without oxygen, which was thus a most exhausting business. 

By the time the tents had been pitched and the gear unpacked the 
sun had nearly set. The temperature in the tent was too low to permit 
the handling of metal without gloves, or indeed to permit the removal 
of gloves for more than very short periods. We were too exhausted 
to prepare our sets for an early start under these conditions. Since 
an early start is essential to an attempt from the col this meant post
poning the assault for one day. ·Fortunately the stores on . the col vy~~e 
adequate for this. . . . . .. - . 

• 
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We slept very well on oxygen and woke much recovered. May 25th 
was spent in preparing the sets, eating, and melting snow for drinking. 
We found that theY-piece on one set had stretched and was no longer 
a good fit on its junction tube. This was solved easily by taping the 
junction to increase its diameter. It was also noticed that the outer 
surface of the Y -piece on the other set had cracked, presumably having 
lost flexibility at low temperature. This did not matter, since the 
crack had been stopped by the cotton mesh reinforcing it in the Y -piece, 
vvhich was still gas-tight. The night was again warm and comfortable 
on oxygen, and we wore boots, three pairs of socks, long wool under
pants, down trousers, windproof trousers, string vest, wool shirt, 
three jerseys, down jacket, windproof jacket and gloves inside our 
single sleeping bags ; but it was rather less comfortable than it might 
have been because we had our second canisters in our already well 
filled sleeping bags to prevent them from becoming too cold. 

On May 26th vve woke at five, and since there was little to do other 
than drink a thermos of water already melted and sweetened and tighten 
bootlaces, were ready to start at six, but Evans' set was found to be faulty 
as soon as he began to move and it took an hour and a half to find and 
cure the trouble. The conditions were not easy, very cold and with 
a strong wind. We found that in a misguided but well meant attempt 
to obtain further economy of oxygen while resting, the protective stop 
fitted to protect the oxygen control valve from damage by forcible 
closing had been displaced to one side and the valve screwed down 
too hard. As a result the floating pintle had been jammed in its 
seating and could not be freed under the conditions prevailing. We 
had to replace it with a 2 litre a minute fixed aperture from an open 
circuit set, which was extremely wasteful of oxygen when resting and 
which limited the maximum effort Evans could make . 

We started at 7.30 A.M., about tvventy-five minutes after Hunt and 
Da Namgyal, who were carrying some of the stores for the ridge camp 
(Balu had been unable to start). Hunt had some trouble with his 
oxygen near the top of the couloir, but in spite of this they succeeded 
in carrying their loads to 27,350 ft. We passed them where the snow 
of the big couloir begins to steepen. They were wearing open circuit 
apparatus and were clearly making a magnificent effort. It was an 
·interesting demonstration of the improvement in relative performance 
given by the closed circuit at this height. 

The climbing was continuous from the start of the couloir, never 
very difficult but always requiring considerable efforts whether in step 
cutting, step kicking, or climbing rock. It is described more fully 
elsewhere. 3 The apparatus worked very well, though with a fairly 
high supply rate because of the strenuous climbing, and at about five 
minutes past nine vve reached the ridge at the point where Lambert 
and Tenzing had pitched their Spring camp. This meant that we had 
climbed 1.,400 feet in one hour thirty minutes and the prospects lookecl 
very bright. 

3 By R. C. Evans, A.J. 59· 287. 
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However, from there the going became worse, deep powder snow 
on good snow alternating with deep powder snow on rock, both very 
trying, since we were wearing short-pointed crampons. It took us 
a further two hours to reach a ledge little more than mid,vay between 
Lambert's camp and the S. summit. There Evans proposed to change 
canisters, although the first canisters were not exhausted. His reasons 
were that this appeared to be the last reasonably fiat ground before the 
S. summit, some two hours away, and that it might be very difficult 
to change canisters on steep ground. Further, if we did succeed in 
changing them and the valves 'vere to freeze on introduction of the 
cold canister it might be most unfortunate. We had used a considerable 
part of the endurance of my first canister while repairing the fault on 
the col. After some discussion we changed canisters and left them 
and the still partly filled first cylinders on the ridge, where later they 
were used by the second party .. 

Soon after starting again Evans' ventilation rate became very high, 
and it was clear that some fault had developed in his set with the 
introduction of the fresh canister. We did not locate this fault which 
might have been due to a partially frozen valve, to a distorted valve, 
or to a small leak to atmosphere. The rest of the climb was exhausting 
for Evans who made an enormous effort to keep going with his damaged 
set, and very irritating for both of us. 

We reached the S. summit at one o'clock. We estimated that the 
canisters had still about two hours' life with hard work left. The 
summit ridge rose about 300 feet in 300 yards, and would, we thought, 
take at least two hours to traverse. The position was thus that there 
was a good chance of reaching the summit, but particularly in view 
of the state of people for an hour or two after taking off a closed circuit 
set lower down very little chance of getting down again afterwards. 

After a short rest on the summit in rapidly deteriorating weather we 
began the descent. A stong and rising wind was blowing powder snow 
off the ridge beneath us in a great plume, and it was clear that we should 
very soon be in cloud. Evans' set was still giving a very high ventilation 
rate and for part of the descent we converted it to open circuit. How
ever, with this arrangement he obtained less benefit than from the 
faulty closed circuit and after a few hundred feet it was changed back. 

The party had succeeded in climbing z,goo ft. (from 25,8oo ft. to 
z8, 700 ft.) in 5 hours 30 minutes in spite of the defects in one set. 
The first I ,400 ft. had been climbed at the very respectable rate of 
930 feet an hour, although step-cutting. or kicking was necessary for 
most of the way, and we were carrying gross loads of over 50 lbs. This 
confirmed our belief in the great value of a reliable closed circuit 
apparatus for high altitude climbing. 

The Second Assault 
The second assault party also wore oxygen apparatus from Camp V 

(zz,ooo ft.) to Camp VII (24,ooo ft.), and slept with r litre a minute 
each at Camp VII. They had open circuit sets which had been 
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modified at Base Camp to give a choice of 2, 3, 4 or 6 litres a minute. 
This was done because after the preliminary trials of the open circuit 
it seemed that even with a camp above the S. Col the endurance of the 
set was not likely to leave much margin to deal with difficulties of 
ground or weather. It was thus desirable to give the party freedom 
to choose the most economical flow rate for different parts of the climb. 
The party used 4 litres a minute from Camp VII (24,000 ft.) to the 
S. Col (25,8oo ft.). The second assault was also postponed by one 
day, and the party thus spent two nights on the col before it, sleeping 
with I litre a minute oxygen. 

Gregory and three carefully chosen Sherpas went up to the col with 
the assault party in order to carry the remaining stores from the col 
to Camp IX (27,8oo ft.). Two of the Sherpas were incapable of 
going above the col, but fortunately Lowe was there in support and fit 
to go higher. The carrying party thus consisted of Gregory, Lowe 
and Annullu. 

The relatively poor performance of some of the very fit and willing 
Sherpas chosen for the carry of stores to Camp IX was probably partly 
due to their having slept on the S. Col without added oxygen. One of 
the most striking features of the expedition was the way in which even 
a few hours of sleeping-oxygen revived and rested the user. This was 
true as low as Camp IV (21,200 ft.) where it was used in two cases of 
illness, and was very pronounced indeed on the S. Col. A night on the 
S. Col without oxygen was definitely weakening. The only Sherpa to 
use oxygen at night was Tenzing, a man of exceptional intelligence.. 
The perform'}nces of Annullu and Da Namgyal in carrying above the 
S. Col are therefore all the more creditable. 

The carrying party left the col at about 8.45 on the z8th May. They 
were using open circuit sets with a choice of 2 or 4 litres a minute and 
had gross loads of 40-45 lbs. Few traces of the first assault parties 
steps were left in the couloir, and considerable step-cutting was again 
necessary. Hillaryand Tenzingstarted from the col at9.30 and followed 
the tracks of the carrying party. They were using a flow rate of 4litres 
a minute and the two parties met at the site of Lambert's Spring camp 
(27,200 ft.). 

From Lambert's camp all five went on to the dump of stores left by 
Hunt and Da Namgyal at 27,350 ft. This they picked up, increasing 
their loads to so-ss lbs. each, save Hillary, who was carrying about 
6o lbs. He and Tenzing had used more oxygen than had been expected 
during the first part of the carry, and they each had to use part of one 
of the cylinders intended for the next day. A site for Camp IX was 
reached at 2.30 at an altitude of 27 ,goo ft. 

Since the carrying party were confident of being able to descend 
without oxygen they left their partly emptied cylinders at Camp IX 
for use by the assault party during the night. One R.A.F. cylinder 
and a reducing valve had been carried up to provide sleeping-oxygen. 
Soon after the carrying party had started down Hillary observed that 
they had taken with them the reducing valve. The R.A.F. cylinder 
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was therefore useless and for sleeping-oxygen he and Tenzing had only 
the partly emptied cylinders used by the carrying party. These were 
adequate for about three hours at 1 litre a minute each, and were 
used in t\vo periods, one shortly after sunset, and one just before dawn. 

On May 29th Hillary and Tenzing started at 6.30 A.M. using a flow 
rate of 4 litres a minute. The snow conditions were trying, including 
some breakable crust. Presently Hillary observed an increase in 
resistance to breathing, and on examining the protective snout of his 
mask, found that it was partially blocked with ice. Tenzing's mask 
proved_ to be in a similar condition, but fortunately Hillary was able -
to clear the masks without damage to the inspiratory valves, a notable 
achievement at this altitude. 

They reached the S. summit at nine o'clock. Hillary was con
cerned about the amount of oxygen they had left they had started 
with one full and one partly used cylinder instead of two full ones, 
having used rather more oxygen in the carry to the Ridge Camp than 
had been expected and reduced the flow rates to 3 litres a minute. 
From the S. summit the snow and weather conditions were good. 
Apart from one short but strenuous rock pitch they were on snow at 
an angle such that Hillary was chipping steps most of the way. With 
3 litres a minute he was able to maintain a good pace and they reached 
the top at 11.30 A.M. There both men removed their oxygen masks, 
and, without oxygen, Hillary took some satisfactory photographs. 
After a few minutes some loss of control was observed, but it was 
sufficiently gradual to allow replacement of the masks without difficulty . 

Since the cylinder pressures were uncomfortably low, Hillary 
reduced the flow rates to 2 litres a minute for the descent. At this rate 

\ 

their oxygen just lasted till they reached the cylinders left by the first 
assault party when changing canisters. These cylinders were about 
one-third full, and after being used at 2 litres a minute they became 
exhausted as the party reached the S. Col. 

Conclusions 
It seems clear that oxygen equipment was of the greatest value in 

this ascent, both while climbing and while sleeping at heights above 
23,000 ft. The benefits afforded by the use of sleeping-oxygen at or 
above 21,500 ft., and by the use of high concentrations of oxygen while 
climbing _above 26,ooo ft., were particularly impressive. 

Before the expedition some doubt had been felt about the possibility 
of harmful ' deacclimatising' effects of closed circuit apparatus. The 
fact that the first assault party survived a night on the S. Col at 2 5 ,Boo ft. 
without oxygen, after wearing closed circuit sets continuously for 
approximately 9 hours, suggests that this is not a serious danger. 

The lack of sufficient oxygen cylinders for use in sleeping probably 
had marked effects on efficiency and made it inadvisable to remain 
above the icefall after the second assault party had returned. Hence 
no strictly comparable tests were done to show the relative performances 
obtainable " rith open and closed circuit sets at high altitudes. · 
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CO,MPARATIVE PERFORMANCES AT HIGH ALTITUDES 

With and without Oxygen Equipment 
' 

Party. Altitudes. 

Lamb·ert, Tenzing, J' 8 ' 2 00-2 200 ~lorey and Aubert 5' 7' 

Hillacy and Tenzing . 27 ,9o0-29,000 

Gregory, Lowe and 
AngNyima 

• 

25,8oo-27 ,900 
25,8oo-27,zoo 

Hillacy and Tenzing . ~ zs,8oo-z7,90o 
l 25,8oo-27 ,zoo 

Evans and Bourdillon . 
.. 
.. 

Hunt and Da Namgyal . 
• 

Climbs selected from I 
the I 922 Expedition 
by Longstaff (A.J. 
35· 226. 61) 

Climbs selected from · 
the il924· Expedition 
by N orton (A.J. 37. 
230. 13. 

2S,8oo-z8, 700 
25,800-27 ,zoo 

25,8oo-z7,350 
25,800-27,200 

23,000-25,000 
zs,oo0-27,000 

22,700-25,300 
25,300-26,8oo 
26,8oo-28, roo 

Height 
climbed 

• 1n one 
day. 

1,100 

• 

2,100 

2,100 

2,900 

I,5SO 

2,000 
z,ooo 

2,6oo 
r,soo 
1,300 

Rate of 
Climb 

(ft./hr.) 

233 

210 

527 
933 

436 
494 

444 
320 

433 
333 
205 

Gross 
Load at 

start. 
(lbs.) 

17 

52 
52 

Reference 
to Fig. 1 . 

I 

2 

5 
sa 

6 
6a 

II 

8 

IO 

9 
7 

Oxygen apparatus. 

Oxygen used while rest
ing only 

Open circuit apparatus 

Open circuit apparatus 

Open circuit apparatus 

Closed circuit apparatus 

Open circuit apparatus 

No oxygen apparatus 

No oxygen apparatus 

Remarks. 

Kicking and cutting 
steps. 

Kicking and cutting 
steps . 

Kicking and cutting 
steps. Load in
creased to so lbs. 
for last 3 oo ft . 

Using steps already 
made. Load in
creased for last 
550ft. 

Kicking and cutting 
steps. 

Using steps already 
made. 

N. side. 

N. side. 

• 
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the closed circuit party. The other two times are for open circuit 
parties climbing in steps already cut for them, and give rates of 494 and 
622 feet an hour. 

These five parcours together with others are also shown in Fig. I, 

where track 5 is particularly notable as showing a climbing rate con
siderably faster than any other at a comparable altitude for which we 
have data. 

• 

The expedition has shown clearly the very great improvement in 
performance obtained with the use of oxygen apparatus, and in par
ticular with closed circuit apparatus in climbing above z6,ooo feet. 
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