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Abstract. Depth limitations to diving operation  with

air as t/he breathing gas are  well  known: air  density,
oxygen  toxicity, nitrogen  narcosis  and  requirement  for
decompression, The main  objectives  of our  experiment

were  to assess  the deeompression, counterdiffusion  and

performanceaspectofheliurn-nitrogen-oxygenexeursions

from nitrox  saturation,  The experiment  was  carried

out  in a wet  diving stimulator  with  
"igloo"

 attached  to

a 2-Iock living chamher,  Four subjeets  of  two teams
of 2 divers were  saturated  at 25  msw  simulated  depth

in a nitrogen  oxygen  ehamber  environment  for 8 days,

during which  period they performed  32 divevs-exeursions

to 60 or  80 msw  pressure. Excursion gas mix  was  trimix

of 14.6% oxygen,  50%  helium and  35,4% nitrogen,  whieh

gave a  bottom oxygen  partial pressure  of 1.0 bars at

60 msw  and  1.3 at 80 msw.  Excursions  were  for 70

min  at 60 msw  with  three 10-min  work  periods and  40

min  at 80 msw  with  two  10-min  work  periods. Work
was  on  a  bicycle ergometer  at a moderate  level, We
calculated  the excursion  decompression with  M-Values

based on  methods  of Hamilton (Hamilton et al,, 1990),

Staged decompression took  70  min  for the 60 msw

excursion  and  98 min  for 80 msw,  with  stops  beginning
at  34  or  43 msw  respeetively.  After the second  dive
day  bubbles  were  heard mainly  in one  diverbut in three
divers overall,  to Speneer Grade III some  times. No
symptoms  were  reported,  Saturation decompression
using  the Repex procedures  began at 40 msw  and  was

uneventful,  Grade  II and  sometimes  III bubbles persisted
in 2 of  the four divers until 24 hr after  surfacing.  We

eonelude  that excursions  with  mixture  rich  in helium

can  be  performed  effectively  to as  deep as 80 msw  using

these procedures,
       (Appl Human  Sci,, 17 (6): 249-252, 1998)

with deeper air excursion  can  increase underwateT  work

effieieney,  but the Iimitation in eapabilities  when  using  air

as  the breathing gas during exeursions  is nitrogen

narcosis  and  oxygen  toxicity. Recently other  approaches

r,o self-eontained  diving in more  deeper range  have shown
the  benefits of using  a trimix of helium, nitrogen  and

oxygen  for effective  performanee and  efficient

decompression  (Mount and  Gilliam, 1993; Juvenspan  and

Thomas,  1992; Palmer, 1994), Relevant experience  with

exeursion  using  helium from  nitrox  saturation  is limited.

I/n underwater  work  divers saturated  with  air at 14 msw
excursed  to 24 msw  breathing 15%  oxygen  in helium

(Peterson et al., 1980). The 14 msw  depth was  ealeulated

i/o be the deepest saturation depth that would  allow

excursion  without creating  supersaturation;  outcome  was

satisfactory,  One Experiment, Nisahex, tested helium
trimix excursions  from nitrox  saturaLion  (Muren et al.,

L984). TIhis experiment  involved saturation  with nitrox  at

1;he relatively  higli pressure of  60 msw  and  excursion  with
]nelium-nitrogen-oxygen to 80 and  100 msw  with  no

Doppler bubbles detected and  no  decompression or

counterdiffusion  problem,
   The main  objeetive  was  to prepare procedures and
assess  the decompression aspeet  of vertieal  exeursion

]'rom nitrox  saturation  using  heiium-based breathing
mixture.  Determining  the couiiterdffusion  aspect  of  the

use  of  the two  gases was  a  part of this goal. A  eorollary

aspect  of the project was  to prepare provisional
decompression tables and  procedures  for exeursions

using  helium-nitrogen-oxygen gases from  relevant

saturation  storage  depths, based on  the result  of  the

expemment.

Methods

Keywords:  nitrox  saturation  diving, tmrmx  excursion,

bubble deteetion

Introductfion

   The projeet object,ive is to extend  the capabilities of

long duration, saturation-based  shallow-water  diving

techniques. Though nitrogen-oxygen  saturation  diving

   The experiment  was  conducted  at the Chinese
Underwater Technology Institute in Shanghai. A  5-
compartment  chamber  complex  was  used.  Four divers
livet in the main  chamber.  The entry  loek served  as  a

toiled room  with wash  basin and  thermoregulated shower.

The lower part of the work  chamber  was  fi11ed water  and

in this ehamber  the wet  excursion  were  made,  and  the

top "igloo"

 is used  for the dive station. Two  horizontally

oriented,  dual-iock living chambers  are  attached  to the
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Table 1The  characteristics  of  divers-subjeets

Diver ID Gg WK wx zy

Age, yrWeight,
 kg

Heighl/, mFitness

 level
Daily exercise
Snioker?Diving

 sehool

Years professional

Approximate  number  of  dives
Previous  DCS

Previous  skin  bends

3364,O1.73Very

 good
1 hr per  day
YesYan

 Tai Diving
Schoel1750

 times per  year

Once in 1983

Onee in l983

4357,O1,68GoodO.5

 hr per  day
YesDiving

 tralning in
ChMese  Navy
2350

 times per  year

Once in l985
Once in 1985

3872,O1,70Very

 good
O.5 hr per day
YesDiver

 training, II

mo,  Cornex, 1979
1950

 tirnes per  year

NoNe

3463,O1.69Very

 good
1 hr per day
YesYan

 Tai Diving
School1750

 times per  year

Twice, 1983, 1994
Twice, 1983, 1994

Table  2 The  scheduleof  dives and  divers

   60 rrlsw

Day  l Day  2

   80Day
 3rrLSW  Day  4

   60 msw

Day5  Day6
   80 msw

Day7  Day8

MorningGJ
 wetWK

 dryZY

 wet  WX  wet

WX  dry ZY  dryWK

 wetGJ

 dryGJ

 wet  ZY  wet

WK  dry WX  dryWX

 wetZY

 dryWK

 wetGJ

 dry

A.fternoonWX
 wetZY

 dryWK

 wetGJ

 dryGJ

 wetWK

 dryZY

 wetWX

 dryWX

 wet  WK  wet

ZY dry GJ dryGJ

 wetWK

 dryZY

 wetWX

 dry

igloo, the living chamber  used  for this project is equipped
with  bunks  in one  lock and  the other  lock is used  for

physiological monitoring.  The  system  is controlled  and

monitored  from  a  nearby  control  room,  Auto  eontrol

system  maintains  ambient  pressure  and  oxygen  partial
pressure and  ean  deeompress on  a preeise linear curve,
The life-support system  for the living chamber  kept the
temperature at, 25-260C, the relative  humidity was  50-
70%,  and  the oxygen  partial pressure between  e.30-O.38

bar, the nitrogen  partial pressure between  3.12-3.20 bar
tbroughout  the stay  at saturation  pressure.

   Four fit, professional divers seleeted  from a

competition  were  examined  and  qualified medically.

Their characteristie  are  given in Table 1. The  four divers

performed  one  dive per each  day. They were  divided into
two  teams  of  two  divers eaeh,  and  eaeh  team  performed
one  dive per day  while  other  remained  in the Iiving

chamber,  Divers were  carried  out  the exeursion  in the

morning  and  afternoon,  Excursions  were  done in the
igloo and  the wet, pool beneath. For each  dive both divers
of each  exeursion  team  were  dressed for diving; on  dive
the working  diver went  in the water  wearing  a Superlite
Motel 17 and  perforrned work  on  the ergometer,  while  the
oLher  diver remained  dry, breathed  by  fu11-faee mask,  and

acted  as  a  tender  for the working  diver. Both divers
breathed  the trimix gas during the excursion.  The wet

ehamber  for excursion  was  compressed  with  air. We
ehose  6e and  80 msw  as the depths for the excursions
and  planned  four days of 60 msw  dives and  fbur days of
80 msw  dives, starting  with  the presumably  easier  60 msw

excursion  for the first two days, then did 4 days of  80
msw  followed by  2 final days at 60 msw.  This put 60 msw
excursions  on  the final days, so that we  would  be fairly
sure  to compiete  the deeper  exeursion.  We  distributed
the exposure  and  duties uniformly  over  the eight  dives,
with the results  that each  diver had to do each  type of

dive in each  position. This gave a  diver 4 dives at each
depth, two working  and  two tending, for a total of 32
man-dives  on  the saturation  days, The overall  sehedule  is
sununarized  in Tab]e 2.

   The breathing gas for exeursion  was  14.6% oxygen,

5e.O% helium and  35.4% nitrogen.  The same  gas was

used  for both 60 and  80 msw  excursion.  We  made

Doppler  measurements  15, 30, 45 and  60 minutes  after

the end  of excursion,  with additional  readings  at 90 and

120 min  if bubbies were  still being. Doppler  monitoring

was  continued  during the saturation  deeompression using
Spencer method  (Spencer, 1976),

Results and  Discussion

   The project was  earried  out  as planned. All the
excursions  were  a  total of  32 man-times,  The results  of

the experiment  show  that the main  objectives  were  met

in t･hat trimix excursions  successfully  with no

decompression illness being reported  and  bubble counts
as  detected by Doppler ultrasound  were  within

acceptabie  limits. A  profile of the entire  project is shown
in Fig. 1.

   The  objective  of  our  experiment  was  to develop the
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Fig. 1 Profile of  rhe  experiment.

ag

basis for decompression  table for excur$ion  with helium

mixtures  from  a  nitrogen-based habitat atmosphere.  This

involved a  gas switch  with potential for supersaturation

due to eounterdiffusion,  The basis for new  exeursion

procedures  fitting this requirement  is nonexistent  or at

best limited, Aeeordingly, we  had  make  some  guesses on

a  small  bank  of  information, then  put them  to the test,

we  can  diseuss as  if it were  a  single,  definable limit,
Given the exposures,  the evidence  suggests  that is about
right. We  got bubbles, but not  too many:  one  Grade III
after  flexing and  that one  isolated-out of 30 expesures

and  86 reading  is quite acceptable  for operational  tabje,
No  symptoms  of  deeompression  illness and

counterdiffusion  response  were  reported.  It is well

known  that an  isobarie switch  from  heavy, slowly-

diffusing gas to a lighter, more  rapidly  diffusing gas cam
iead to symptoms  of counterdiffusion  resembling  those of
decompression sickness  (Lambertsen, 1989). One of the
ob,ieetives of our  experiment  was  to evaluate the benefit
of simultaneous  compression  to offset  the possible
supersaturation  due  to this switch,  We  used  the

computational  method  which  monitors  deep  tissue

coimterdiffusion  as  well  as  decompression and  the result

shows  a  supersaturation  or  violation of M-values from
isobaric eounterdiffusion  of appropriate  gases shou}d  that
situation  oecur.  But we  calculated  the proeedure  of

trimix excursions  based on  cornmercial  heliox criteria,
There were  no  symptoms  of decompression illness and

counterdiffusion.  This  means  that using  our  helium-

nitrogen-oxygen  mixture  ean  avoid  the counterdiffusion

problems  by suMcient  additional  compression  at the time
of  switching  gases,
   We  used  the Repex saturation  decompression

procedure  (Harnilton et al., 1988). This method  reqnired

less total time than holding al, storage  depth, but it does

require  some  gas and  chamber  manipulation.  This initial
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Fig, 2 Doppler  results  on Team  1. Divers GJ and  WK  (A) and
  Team  2 Divers  ZY  and  WX  (B). Upper traee in eaeh  pair is

  readings  taken  at rest,  lower {"flex") is after  twe  or  more

  knee bends. Small ticks indieate no  bubbles.

part of the decompression is called  the 
`"precursory"

deeompression: it was  tested again  in our  experiment.

The preeursory deeompression table required  560 min
from the start at 4e msw  until leaving 25 msw  at  the end

of 25 msw  stop,  The total decompression took 3230 min
or 53:50 hours, The Auto  Control System did a  splendid

job of  tracking a linear path for the saturation

decompression. It followed the stair-stop  stage

decompression pattern leaving each  step  at the time
called  for in the table, After completing  a 200 min

interval going from  2 to 1 msw  the chamber  was  surfaced

in 5 min  from  1 msw.  No  symptoms  of  decompression

sickness  were  reported,  the divers remained  in exeellent

spirits throughout  the decompression.

   Where pessible we  made  Doppler measurement  after

t,he end  of  each  excursion,  and  Doppler monitoring  was

eontinued  during the saLuration  decompression, There

were  some  Doppler  bubbles as shown  in Fig. 2, These
show  a  graph for each  diver at rest and  afLer flexing, The

NII-Electionic  
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Doppler  Grades are shoivTi as vertical  lines, For example,
no  bubbies at all were  heard during the first two days.
Aft,er that, beginning with  first 80 msw  excursion  on  Day
3 diver ZY began to produce  Doppler bubbles, he reached

Grade III in at least one  reading  following his exaursions
on  Days 3, 4 and  5. 0n Day 6 he had Grade II, and  on  I)ay
7 showed  only  a  Grade I after flexing on  the Eirst reading.

He  began the saturation  decompression  during which

from  his last excursioR  on  Day  8 so on  Doppler  reading

was  taken, He showed  bubbles though  most  of the

saturation  decompression,  usually  Grade II at rest  and

Grade IIt after fiexing.
   Froin the results  of  our  research  we  eonclude  that
trimix excursion  which  breathing gases rich in heliuin can

be performed  effeetively  to as  deep  as  80 rnsw  using

Lhese procedures. Bubble  data and  decompression

results  show  general tolerance for the use  of  trimix from

nitrox  saturation,  These  results  also  add  further
verification  to the atgorithrns used  for the other  excursion

table, and  provide a firm roundation for eontinuing  Lhis to
other  diving operat,ional  ranges.
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