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cle twitching in hislower legs.

Hewastransferred by helicopter toWhangarei. Here
hewasfurther assessed. Hewas pale and clammy, but alert
and orientated, with anirregular pulse. Hiscardio-vascular
system was otherwise stable with good cardiac output and
respiratory status. Arterial blood gasesshowed aPO, of 250
mmHg(on61/min0,), PCO, of 52.9 mm Hg, otherwisethey
were norma. An ECG and chest X-ray were normal. An
intravenous drip was inserted and he was sent on to RNZN
Hospital in Auckland for recompression.

In transit, despite 30 mg of papaveretum given
intramuscularly he was in constant discomfort, rubbing his
abdomen and some shakiness of his left leg continued.
Treated with atable 6A in the naval recompression cham-
bers, hissymptomsresolved readily under pressure. Hewas
neurologically normal the next day and was sent home
symptom free. The differential diagnosis included aer-
ophagy, mesenteric arterial gas embolism, free peritoneal
gas or a combination of these.
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THE DEVELOPMENT OF THE RECREATIONAL
DIVE PLANNER

Ray Rogers
Summary:

DepthincrementsintheUSNavy tablesaretoogreat.
The repetitive dive table is based on the slow-responding
120 minute tissue compartment, so little surface credit was
obtained. This compartment was largely irrelevant to rec-
reational diving. Therepetitivegroupformat wasunsuitable
as the time/depth benefits were unharmonious and times
wereexcessively rounded off, creating anomalies. Research
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suggested lowering of no-stop limits. It become apparent
that wholly new tables were appropriate as the USN tables
weretoo“ coarse” werenot planned for extensiverepetitive
diving and the USN tables do not permit multi-level diving.

The compartment structure seemed wrong as there
weretoo few compartments and they wereinternally incon-
sistent. | added compartments and adjusted their values.
The 120 minutecompartment never seemedto havean effect
whilethe 40 minutetissue usually controlled thedives. The
60 minutetissue occasionally controlled and was chosen for
controlling the repetitive dive calculation. The resulting
tablewas more conservative and thetime penaltieswere not
great. The 120 minute compartment is important in long,
deep dives with staged decompression.

Thebasi cconcept of theoretical model wasHal danian,
retaining exponential gasexchange and aspectrum of tissue
compartments. The modificationswere variable maximum
allowabletissue pressures, anincreased number of compart-
ments, Hempleman’ s power function used for the non-stop
curve, shalow and deep asymptotes added, the no-stop
curve was smoothed and faired, “M-values’ were derived
fromthiscurve, discontinuitieswereeliminated and no-stop
limits were lowered.

Thetablewasdesignedasacircular sideruleinpolar
format. Multi-level capability wasincluded. Theprocedure
isthat the dive always goes from deep to shallow. Adjust-
ments were made to keep pressures within limits by mini-
mum depth differentials on ascents and time restrictions
were added to no-stop limits. Safety stops at 15ft/5m were
recommended after all dives. Thesestopsarerequired after
somedives, those deeper than 100ft/30m and when within 3
pressure groups of any limit. The advantages of stopsare: a
dramatic reduction of tissue pressures, compensation for
stayingtoolong, compensationfor divingtoo deep, compen-
sation for gauge or timer error, and a slower ascent rate.
There are special ruleswhich require long surfaceintervals
occasionally. Thesearewhen pressure groups becomevery
high, as after repeated long, shallow dives. The rules are
seldom required, but they exist.

Introduction

It isagreat pleasure to be able to speak to SPUMS
about the devel opment of the Recreational Dive Planner, so
enthusi asti cally and overwhel mingly embraced by over 95%
of the medical community Down Under. Unfortunately
those people have been so struck dumb by the brilliance of
it al that they have remained absolutely mute and have not
been able to comment. But the five per cent who are not
excessively enthusiastic have written horrible letters and
and numerousarticles. So | would ask that they briefly give
a few moments of their attention to this talk about the
development of the Recreational Dive Planner (RDP) and
the corporation that was created to develop it, Diving Sci-
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ence and Technology (DSAT). The Recreationa Dive
Planner comesin arotary format, the PADI Wheel, and also
in conventional tabular format.

Theneed for new tables

TheRDPhasfilled aclear and obviousneedfor anew
table. | suggest that the need for new tablesis self evident,
witnesstheBS-ACtablesand DCIEM tables. Alsothereare
many different types of decompression computers. If the
US Navy Tables were ideal, presumably these new tables
would not be needed. Presumably the network of recom-
pression chambers around the world would not exist, be-
cause there would be no need for them either.

Everyonehashisown privatelist of why theUSNavy
Tables should be redone. Hereismy list:

Depth incrementstoo large

First of all, | think the depth increments are entirely
too great. Depth incrementsarein 5 foot steps from thirty
toforty feet, and thereafter ten feet, (Bear with me, Austral-
ians think in imperial units much better than | think in
metric, so will be imperial al the way). What | call
coarsenessisalargedecreasein availabletimewith asmall
increasein depth. Between forty and fifty feet bottom time
drops from 200 minutes to 100 minutes, entirely too big a
step in my opinion.

Need for shorter no-stop limits

Research has suggested that there should be lower
no-stop limits. During the 70s and 80s many peopleinvesti-
gated the application of Doppler technology to diving, but it
was Merrill Spencer who first suggested that, for recrea-
tional useby theaveragediver, no-stoplimitsintheUSNavy
tables were a bit high.

If one smply wanted to reduce no-stop limits, it
would be easy to take awaterproof marker to the old tables
and mark the new limits on them. In fact, this has been
recommended in an articlein the UnderseaJournal, PADI’ s
house organ.?

Repetitive diving table problems

Thereareother issuessuch astherepetitivedivetable
being based on the very slow responding 120 minute half-
timetheoretical compartment. | will refer toit asacompart-
ment or tissue. 1f a 120 minute half-timetissueis exposed
to apressuregradient, after two hoursit hastaken up to half
thegasloadthat it cantakeup. Itwill takeafurther two hours
takeup half theremaining potential gasload. In other words
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these tissues have exponential uptake of gas. Since most
recreational dives encompass a much shorter time span ,
what is the relevance of the 120 minute tissue?

In the PADI version of the USN tables ,for recrea-
tional divers, at the top of table two, is printed “surface
interval credittable”. Inmy opinionit should bethesurface
interval “no-credit” table, because sometimesafter approxi-
mately 45 minutesoneisin exactly thesamepressuregroups
asonestarted in; onegetsno credit at all. If one happensto
bein groups E through H and on the surface for something
like an hour or an hour and fifteen minutes, which is very
commoninrecreational diving, thereisagain of onegroup,
because the groups are not small enough. When the USN
originally calculated thetherepetitive divetable, they had a
total of 31 pressure groups, differing by the equivalent to
onefoot of seawater absolute. But to simplify things, they
grouped them together into two feet of seawater pressure
groups. So we are burdened by a broad pressure range
secured by avery slowly responding tissue.

If one looks at the residual nitrogen times one sees
that at one depth the time gained by the diver as he is off
gassing, going from pressure group to the next, on the
surfaceisquitesmall. But asonegoesvertically, from depth
todepthfor thenext dive, theincrementsarevery large. That
iswhat | mean by coarseness. The groupsaretoo large and
the surface interval credit table is quite unresponsive. The
tables were rounded off excessively, and created many
internal anomalies. The residual nitrogen time table was
calculated to the nearest minute, while the front part of the
tablewascal culated and rounded of f tothenearest fiveor ten
minutes. Thiswasoriginally based ontheNavy Experimen-
tal Diving Unit (NEDU) reports in 1955-1957%¢ which
recommended that it should have been recalculated to the
nearest minute. Thiswas never done, and as aconsequence
there are alot of anomalies.

My personal favourite, which combines all these
discrepancies, isthis example. If | am on arepetitive dive
and my total bottom timeis 141 minutes, and | have been at
exactly 40 feet for this entire time, all the tables grant me
virtually another hour of bottom time. But if | descend
momentarily below 40 feet, say to 41, | am now under a
decompression obligation. | find thisquite unreasonable. |
haveaskedalot of peoplewhy it should bethisway, and they
say, “That' sthe Navy table”. But | am not in the Navy and
| donot care. | triedtofind ananswer, but nobody knew why.
Nowadays, | think alot of people know, but even fiveyears
ago knowledge was very sparse on the subject.

Reworking the USN tables.

Luckily | found a book written about 12 years ago’
and there was information that led to the papers*® which
wereusedto set uptheoriginal Navy tables35yearsago, and
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by working my way through them | finally figured out what
the Navy did when it created these tables.

I made copiesof theworksheets. All thecal culations
were done by hand. One should try it sometime, without a
calculator or computer. 1t may take several minutestofigure
out one tissue pressure for one exposure and one compart-
ment, and thenonehastodoit all over again. Ittakesalong,
long time and it is very tedious.

In the process of doing these many, many calcula-
tions, | found to my great surprise that the 120 minute
compartment was not relevant. By then | knew that these
tableswere based on the 120 minutetissue. But | computed
typical recreational profiles(reading from my old log books
for what | had actually done) and the controlling compart-
ment wasalwaysmuchfaster. It wastypically the40 minute
compartment and | did not understand that. Along the way
| noticed that there were many discontinuities in the graphs
| drew. Thiswas because there were too few tissuesin the
model, so | added a few of my own, 30 minutes and a 60
minutes which the US Navy had never done. They went on
ascheme of 5,10,20,40,80, 120. | programmed a30, a60, a
90 and 100 and found that this redundancy of tissues was
really quite useless because it splits a hair too fine. But
adding 30 and 60 minute tissues happened to fill big gaps
between the 20, 40 and 80 minute tissues. | postulated a
series of divesthat were long and shallow, repeated over a
number of days. Once in a while the new 60 minute
compartment which | had added would betheonethat would
reach thislimit and go over. | decided that since this could
apply on some occasions, we should make this the tissue of
choice for calcualtion of surface interval credit tables.

Recreational diving and the 120 minute tissue

Earlyin 19901 attended the meeting of the Gulf Coast
Chapter of the UHMS. Some graduate students were pre-
senting a paper about el ectronic computers and comparing
themtothe USNavy tables. They went onand onwithtable
after tableof theoretical divesand kept talking about omitted
decompression time in computers, implying that the US
Navy tablewasstill, somehow, thegold standard. What they
could have said equally well, was that according to the
computers, the USNavy required awholelot of unnecessary
decompression time.

InFigure1thereisasimple seriesof divesof 60 feet
for 30 minutes, followed by arel atively generous 75 minutes
at surface, a repeat of 60 feet for 30 minutes, repeat the
surfaceinterval, andrepeat thedive. AcrossthetopistheUS
Navy M-valueor limiting pressure, the maximum allowable
pressurein the 120 minute tissue permitting direct ascent to
thesurface. Thelower linerepresentsthe actual generation
of pressuresin the 120 minutescompartment. Attheendthe
dive it is about half way up to the maximum alowable
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pressure, and yet the tableswould require about 14 minutes
of decompression.
In Figure 2 the curve at the top isthe combination of
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Pressuresin the 120 minute compartment for aseries
of threedivesto 18 m (60 feet) for 30 minuteswith asurface
interval of 75 minutes after the first and second dives.

depths and times which are required to generate the maxi-
mum pressure in the 120 minutes tissue compartment, that
the US Navy defines as permitting direct ascent to the
surface. Theirregular lower curveistheactual plot of theUS
Navy no-stop limits. Thereisagreat gap.
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FIGURE 2
Comparison between depth/time curves, that which
causes maximum no-stop pressure in the 120 minute
compartmen and the USN no-stop limits.

Table 1 shows the same information for various
depths. The second column, 120 max, is the number of
minutes at those depths required to pump up the 120 minute
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TABLE 1

TIME AND DEPTH COMPARISONS OF THE 120
MINUTE HALF-TIME TISSUE MAXIMUM AND
THE USN AND DSAT NO-STOP LIMITS

Depth 120 max USN DSAT
40 259 200 140
60 126 60 55
80 85 40 30

100 64 25 20

120 51 15 13

tissueto its maximum allowabl e level and the USN no-stop
limits(NDLs) areinthenext columnwhiletheDSAT NDLs
arein the right hand column.

One could stay for 64 minutesat 100 feet and still be
the 120 minute tissue would be at alesser pressure than the
Navy says is acceptable, but the USN NDL is 25. The
Recreational Dive Planner NDL iseven more conservative,
just a tiny little portion of the M-value. Just because
something has been around for along time does not mean
that it isrelevant.

Navy diving isdifferent

Why did the USN use that compartment if it is so
insignificant? Well, it was not insignificant for the US
Navy, which was planning for deep, long dives such as 100
feet for two hoursor 180 feet for one hour to befollowed by
repetitive diving. It isvery significant under those condi-
tions. But wedo not do that sort of thing in the recreational
world. The Navy was trying to make tables that would be
able to extend working times, or bottom times, while de-
creasing the total amount of decompression time required,
all the way to 300 feet. Theidea of creating atable which
might later be of useto peoplelike us, who go out to look at
pretty reefs, was the furthest thing in the world from their
minds.

EXTREME
OUTSIDE US NAYY TABLFS

EXPOSURE

FXCEFTIONAL FXPOSURFE RANGE

RECRFEATIONAL
RANGE

00 200 300 4 L L1 0
TIME

FIGURE 3
The depth time relationships of the USN tables.
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Figure 3 showsgraphically what | am talking about.
The entire span of the Navy tablesis 300 feet of depth and
720 minutes, that is12 hours. Thesectiondownonthelower
left is that part of the overall decompression tables which
recreational divers, who came along some years later, bor-
rowed fromtheNavy Tables, reformattedit, and called it the
Navy Tables. The Navy did not mind. Weonly diveinthe
tiny bit in the corner.

We do not do salvage work or underwater demoli-
tion. What we do islook at the pretty fishes and enjoy the
scenery. Andfor that weneed somethingfor ourselves. | am
not suggesting for aminute that these tables are wrong, but
just that for the diving we do they are just not appropriate.

Principlesfor recreational diver tables

To achieve appropriate tables we made yet another
modification of the method of calculating decompression
schedules, which wasfirst developed by J. S. Haldane early
in this century. Seldom has the work of a single person
dominated afieldfor eight decadesand stood thetest of time
sowell. Virtually all tablesand dive computersin existence
today use sometype of adaptation of Haldane’ smethods. It
has become fashionable to deride Haldane, even as his
critics continue to employ his procedures. | redlize that
many of his premises are considered invalid today and that
therearealot of thingshe did that people do not accept any
more, but theman’ swork wasbrilliant. Therearetwothings
that are customarily retained from the original Haldanian
agorithm, the concepts of exponential on-gassing and off-
gassing and the spectrum of tissue compartments.

Through the years, there have been many adjust-
ments to Haldane's work and current tables seem to bear
little similarity to those he created in 1908. Every revision
changed an earlier version to accommodate new data, and
certainly, the RDP was no exception, imposing once again
agreat deal of modification.

This equation, D=500 VT is a variation of Va
Hempleman’s Q=PVt, wherein Q is a fixed quantity of
dissolved gas, Pisdepthandtistime. Inthevariation, D is
depth, T istime, and 500isaderived constant whichretrofits
the US Navy no-stop limitsto the equation. Assimplistic
as this may seem, the fit is generally quite good, and it is
largely correct. ThiscanbegeneralizedtotheformD=CT*,
which says that depth and no-stop time bear an inverse
exponential relationship asdescribed by the constantsC and
x (which are derived from any giventable by using any two
no-stop limitsfrom thetable). The equation may berewrit-
tenintheform D, T *=D,T*, which suggeststheoretically
at least, that within the given framework of limited expo-
suresof no-stop diving, onediveisexactly equal to another
in terms of decompression stress. That may not true, but if
we go with that premise we can get an advantage out of it.
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Graphing the no-stop limitson alinear scale givesa
sweeping curve, and if one wants to compare tables, it is
difficult, because thelinesare curved so much that it shows
nothing. Spencer! showed that an exponential curveplotted
exponentially or logarithmically is a straight line. This
allows rapid comparison between tables. By putting one
straight line on another it is easy to see which is more
conservative.

The equation can work for any two observations of
time and depth. One gets, in the normal recreational depth
range, a remarkably good fit of my calculations with the
USN NDLs. However at the extremesthe accuracy falls of f
sharply. The formula suggests that one can do non-stop
divingto400feet andthatisnot true. Evenif youdidnot stay
for any time at this depth, you would still be forced to do a
decompression stop. At theother end no oneisgoingto stay
for three weeks at 10 feet. As most people ignore these
extremes and stay mainly in the middle, the calculation is
useful.

Theanomaliesbothered me. It wassimpleenoughto
correct for theerror at the shallow end of thecurve. Onecan
assume that there is some shallow depth that one can go to
virtually indefinitely and makeadirect ascent tothe surface.
One can argue about what that depth is. At this depth,
bottom time becomes infinite, and the no-stop limit curve
becomes asymptotic with the depth. If this asymptote is
added Hempleman'’ s equation becomes (D-A=CT>)

A diver accumulates nitrogen al the way down and
most of the way up, and there is a point at which the time
spent in descending and ascending to a certain depth will
equal thetheoretical limit of themodel, evenif thediver did
nothing but turn around for an immediate ascent. This
calculated depth happensto be 243 feet inthe DSAT model,
which is obviously far beyond the permitted depth of 130
feet, butitisuseful inthe calculation and plotting of the no-
stop curve of the DSAT algorithm. Figure 4 shows the
DSAT NDL curve with the original straight line. One can
see that a no-stop limit between the marks is a little more
conservative than the straight line, but more obvioudly, the
unnecessary deficiencies of the D=CT™ have been elimi-
nated. At thispoint, we can dispense with the straight line
and consider only the sigmoidal curve which reflects more
realistically what no-stop limits probably are.

Development

Instead of starting with a whole series of empirical
observations of time and depth and saying and draw a no-
stop curve; | started the other way. This makes more sense
intuitively, and if | could make empirical data match the
curveat afew points, then | could start deriving alot of data
from the curve; which is exactly what | did.
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Theorigina Rogersno-stop curveplotted, asastraight
line, with the modifications needed to remove unacceptable
figures (curve) superimposed.
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The modified Rogers curve with the RDP no-stop
limits superimposed.

Figure 5 shows the no-stop limit of the RDP placed
over over my no-stop curve. Thelittletail that sticks out at
thetop left isfoot by foot cal culations of the no-stop limits,
which go all the way down the line. But one does not see
them as a separate curve, because they superimpose per-
fectly. They superimpose because the no-stop values were
derived fromtheempirically generated curve. | started with
the no-stop limits and found a formula to predict them
accurately.

Figure 6 shows the same thing done with the USN
no-stop limits. They areall over the place, up and down, | eft
and right. It is not reasonable to accept this. Intuition
suggests that these irregularities and discontinuities would
not exist in the water column, which is a smooth gradient
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The USN curve with the USN no-stop limits super-
imposed.

increasing or decreasing depending on the direction one
goes. | have used this concept of continuity to evaluate
variousother tablesthat arearound. Takealook at them, and
one finds some remarkable problems with some of the
tables.

| suggest that tables should have internal consist-
ency. | think that isimportant. However, every other system
that | have seen, that is commercially available today any-
where worldwide, isfull of internal inconsistencies.

Our tables are in based on the principle of consist-
ency. Webuilt themfor recreational divers. Figure7 shows
that the no-stop limits which apply to the first dive of the
RDParemoreconservativethantheUSN NDLs. RDPlimits
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FIGURE 7
Depth/time curves showing (1) maximum no-stop
pressures in the 120 minute compartment, (2) USN no-stop
limits and (3) RDP no-stop limits, both for afirst dive.
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were taken from the curve which was devel oped the way as
| have described.

TheWhed format

Along the way, a notion occurred to me. Instead of
displaying afew episodic sol utionsto thewhol eequationfor
various combinations of times and depths over the place,
why not use the curve itself and get rid of the rows of
numbers that are found in typical tables. The RDP Wheel
uses only time and depth, the only things one actually
measures.

Therearesignificant changesbetweenthe RDPtable
and most of the standard tables. One thing was five foot
increments, which breaks up the problem of coarseness.
Another, isthat the RDP had multi-level diving builtinfrom
thevery outset. Theflat version of the RDPisbasically the
sameasthe Wheel intheinformation that it presents, but the
Wheel presents alot more information.

Multi-level diving

Multi-level divingisdesired by alot of divers. Multi-
level diving has been part of the RDP from the outset. Itis
the only system that | am aware of that has been tested.

Multi-level divingisnot new. Thesetechniqueshave
been around for 15 to 20 years One does it with existing
tables by “dliding sideways’ through repetitive groups to
get an equivalent pressure group for alater level. But are
only attemptsto adjust amodel that was never designed for
it. Multi-level diving is quite practical, if the moddl is
altered to allow shifting of apressure group from greater to
lesser depths. Multi-evel dives are appreciably different
from“sguaredives’. If one stops part way to the surface, it
istypical that the tissue compartment which first reachesa
limit is “faster” than the compartment that usually “con-
trols’ the depth, and any method that promotes such diving
must provide for this occurrence and be cognizant of pre-
cisely which of many compartmentsisnearing itsmaximum
tolerable pressure.

Thereisnotableintheworldtoday whichisbased on
a single tissue compartment, whatever you might have
heard. Itissaid that the US Navy tablesare based ona120
minute tissue compartment. That isonly true of the surface
interval credit table. It has been said that the Wheel isa
singletissue model which only usesthe 60 minute compart-
ment and ignores all slower compartments. Well, people
who say you that probably do not know about other things
too.

No table can get away with that. The no-stop limits
confirms that fact and as depths increase, the repetitive
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groups of the no-stop limitsincrease progressively. When
PADI formulated its version of the old Navy Tables, it
marked off its no-stop limitsin black.

There are many other compartments are in the US
Navy model and PADI did not want thediver going past the
no-stop limits if oneis doing no-stop diving.

Theno-stoplimitsdo not meanthat onehasgoneover
thelimitin the 120 minute compartment. But onemay have
gone to the limit in the faster compartments. The no-stop
limitsfor the greater depths are determined by the 5 minute
compartment, ranging down to the 80 minute for the shal-
lower depths. The compartments that control recreational
diving range from 5 to 80 minutes when using the USN
table. The 120 minute compartment playsno part, except as
calculationsof pressureinthat compartment for usewiththe
surface interval credit table.

M odificationsrequired for multilevel diving

Multi-level divingisaffectedby many pressuregroups
and adjustments have to be madeto stay within thelimits of
all themodel’ scompartments, no matter what kind of crazy
profile one may choose to adopt.

Figure 8 is a graph of two simple square dives,
plotting the theoretical effect in eight theoretical compart-
ments, and one can see the dynamic interplay of all these
tissue pressuresthroughthisseriesof dives. If itisproposed
to do multi-level diving aswell, it becomesavirtual impos-
sibility to alow for all the complexitiesone hasto start with
aseriesof simplificationsto even begin the process. It does
not take or too many calculations to make a couple of
simplifications.
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FIGURE 8
Tissuetensionsin various compartments during two
dives. Thefirst diveisto 13.6 m (45 feet) for 105 minutes
followed by asurfaceinterval of 76 minuteswith the second
dive to 25.8 m (85 feet) for 27 minutes.
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First, the permitted time at the second level isleast if
the depth at the first level is very close to the second.
Secondly timeisleast at the second level if one goesto the
non-stop limit at the first level. And if one puts these two
together and makes a set of adjustmentsone hasallowed for
the worst case and all other possibilities are conservative.

We established a series of minimum depth differen-
tials. We took groups of three depths and lumped them
together into what we call a range of first depths, for
example 140 feet through 120 feet make one depth range.
Wecal cul ated what woul d bethemaxi mum permitted depth
for the second level, in this case 80 feet if oneisinthat first
depthrange. Table?2 showstherangesand maximum depths
of thesecondlevel. If onedivesone sfirst level between 90
and 80 feet, one needsto go at |east as shallow as 60 feet to
be ableto defineit asamulti-level dive. Otherwisetheold
rule of total time at the maximum depth still applies. But if
one can get a sufficient differential of depth then it can be
called multi-level.

TABLE 2

RDP RANGE OF FIRST DEPTHSAND MAXIMUM
DEPTHSOF SECOND LEVEL OF MULTI-LEVEL

DIVES
Range of first Maximum depths of
depths second level

140 - 120 80
110 - 95 70

0 - 80 60

7B - 65 50

60 - 50 40

Step number two is to calculate the multi-level time
adjustment. Onedoesthat by substracting the no-stop limit
at the shallowest depth in one of these groups of three, from
theno-stop limit of the second depth that would be permitted
fromthefirst depth range. Thisreducestheno-stoplimiton
each depth curve in such away that no time does one ever
go over the limit.

On the Wheel any curve out at the no-stop limit,
marked as NDL, would be the normal amount of time
permitted for asingle level dive. But back up the curve of
timeisthe multi-level limit, which saysif oneisdoing this
from deeper depth, and thisisthe second or third level of a
multi-level dive, oneisallowed alesser amount of time.

All bottomtimesderived fromthewheel will bemore
conservativethanthetheoretical model, but thatisreally not
a problem, because the way it works out, air supply is
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generaly insufficient for thetimelimitsallowed for most of
the multi-level dives.

Should we stop at 15 feet for 5 minutes?

Eventwoyearsagothisissuewascontroversial inthe
U.S.A. Why would onewant to stop? Well, obviously one
experiences a large reduction in tissue pressure at a very
critical point in the dive. If one started off at 100% of the
theoretical maximum onecould makea3 minutestopandin
the 5 minute compartment onewould theoretically be down
to about 80% of what one started with. 1f one made afive
minute stop one drops to less than 70 % (Table 3). This
outgassing is pretty significant. Obvioudly inaslow com-
partment one does not get much change. However, most
peopleseemtothink that neurol ogical injuriesoccur through
a faster compartment bubbling and in these large benefits
are gained from stops.

TABLE 3

PERCENTAGE OF MAXIMUM TISSUE PRES-
SURE AT STARTING ASCENT AFTER STOPS

Half-time Per centage of maximum pressure
After 3 minutes After 5 minutes

5 789 69.1

10 89.8 84.1

20 95.7 93.1

40 98.4 97.3

60 929.1 99.0
120 99.7 99.5

The next benefit occursif one staystoo long or goes
too deep. Goingtoo deep or stayingtoo long areessentially
the same thing. Why would one either? | do not know.
Sometimesit isequipment failure. 1t happened to me once,
when my gauge was reading 85 feet and everyone el se had
100. It did not matter then because the dive was short, but
if it had beentothelimit I might havebeenintrouble. If we
use good diving practices and makethis safety stop aswell,
it can cover many sins. It isthe cheapest insurance policy
that thereis.

The main reason is to slow ascent rates. We know
that people ascend faster than 60 feet aminute. It isalmost
aphysical impossibility to stop at 15 feet if oneisgoing up
at 150 feet per minute. Sowe are already ahead of thegame
if one has people thinking about the stop.
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Once one has stopped, one beginsto accumulate the
other benefits | mentioned. Possibly the most important
factor, isthat when oneisready to leave the stop and go on
tothesurface, in thefew feet of thewater column wherethe
pressure gradient changes most dramatically asfar as vol-
ume ratios are concerned, it would be very difficult to get
going very fastin thoselast few feet. Sowewill bringthem
back alive.

And | think we will see a significant decrease in
barotrauma, in lung expansion injuries, neurological
effects,and that a lot of them would amost disappear if
everybody started routinely making stops. After all, it only
takes three minutes of one’ stime.

The American Academy of Underwater Science
(AAUS) met for three days in September 1989 to argue
about safe ascents. We reached consensus on about 20
different issues, but the most significant, the issue that the
AAUSfelt wasthe most important, important enough to put
on the cover of the proceedings, wasthat divers stop in the
rangefrom 10 to 30 feet from threeto five minutes. But the
details are not the important thing. The important thing is
the principle is not stop where one wants to, but stop
somewhere near the surface.

The Diver's Alert Network (DAN) as recently as
December 1989° issued awhol e series of recommendations
and guidelines for recreational diving in general. DAN
recommended that ascent rates should be no more than 60
feet per minute and slower isacceptable. Stop at 15 feet for
threeminutes, or more, for all dives. Wego along with that.
A decal was issued more than two years ago, with PADI’s
“S.A.F.E.” diving campaign, with the introduction of the
slogan “ Slowly Ascend From Every” dive.

Slow compartments exist, supposedly, down to ex-
tremely long halftimes of 480, 600 and 720 minutes. They
are probably important in saturation diving, but not in the
ordinary recreational experience. Nevertheless, there are
rules printed on the Recreational Dive Planner which re-
quire long surface intervals on occasion. These rules exist
to deal with dow compartments and we will discuss the
point in the next session, but some published commentary
has, at |east mathematically, exaggerated theimportance of
these compartments.

Table4 showsalist of thetissuesontheleft hand side.
A list of depthsdownthemiddle, and alist of timesdownthe
right hand side. They are the time and depth combinations
required to pump the tissues up to the maximum for the
theoretical amount of time that the model confers. Now, |
really do not think that most people are going to stay for
approximately aday at 24 feet, or morethan that at 23 feet,
but that iswhat it takes. So, for singledives, thesetimesare
obvioudly irrelevant. But it can become relevant if oneis
doing alot of repeated multi-day diving.
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TABLE 4

DEPTHSAND TIMESWHICH CAUSE MAXIMUM
TISSUE PRESSURE

Half-time Depth Time
tissue (feet) (minutes)

80 32 281

100 30 360

120 28 487

160 26 723

200 25 929

240 24 1,265

360 23 1,892

References

1  Spencer MP. Decompressionlimitsfor compressedair
determined by ultrasonically detected blood bubbl es.
J Appl Physiol 1976; 40 (2): 229-235

2 Richardson D. Editing the US Navy based NDlIs for
conservatism. Undersea J 1989; Third Quarter: 15

3 Dwyer, V. Calculations of air decompression tables.
Research Report #4-56, US Navy Experimental Div-
ing Unit 1955

4  Dwyer V. Calculations of repetitive diving decom-
pression tables. Research Report #1-57, US Navy
Experimental Diving Unit 1956

5 DesGranges, M. Sandard air decompression table.
Research Report #5-57, USNavy Experimental Div-
ing Unit 1956

6 Des Granges M. Repetitive diving decompression
tables. Research Report #6-57, US Navy Experi-
mental Diving Unit 1957

7 Dennis Graver (Ed). Decompression Santa Ana,
California: Professional Association of Diving In-
structors, 1979

8 Proceedings of biomechanics of safe ascents work-
shop. Woods Hole, Massachuesetts: Amercian
Academy of Underwater Sciences, 1989

9 DSAT tablerreview. Durham, North Carolina: Divers
Alert Network, 1989

Thisis an edited transcript of a lecture given at the
1990 Annual Scientific Meeting of SPUMS

A companion paper "Testing the Recreational Dive
Planner" also edited fromthelecturetranscript will appear
inalater issue.

Dr Ray Roger’'s address is 4020 Alvar Drive,
Pensacola, Florida 32504, U.SA.

SPUMS Journa Vol 21 No 2 April to June 1991

THE DITAA SURVEY
A REPORT ON A STUDY OF THE AUSTRALIAN
DIVING INDUSTRY

Warrick McDonald

DITAA (DivingIndustry Travel Association of Aus-
tralia) isnot just an organization to run SCUBA EXPO, the
annual dive show where wholesalers, manufacturers and
retailersexhibit their goods. DITAA takesitsrepresentation
of the diving industry seriously and now offers members a
wide spectrum of benefits. Thissurvey isjust one.

The survey was undertaken by Arthur Young and
Company to benefit the diving industry through improved
knowledge and understanding of the market and thereby
help theindustry along the road to greater success resulting
in some cases in better profits.

Once one hasanal ysed the contents of the survey one
will appreciate just how valuabletheinformation can be. If
used wisely, the survey will enable the diving industry to
planand managetheir businessesfor profit. Theinformation
contained not only will benefit divers, dive shops, instruc-
tors, charter boatsand wholesalersbut other alliedindustries
such astravel consultants, medical practitionersand printers
of associated products.

Thesurvey wascommissioned by DITAA inorder to
provide, for the first time, information about the diving
industry onanational basis. Littleor no market research has
been donefor thedivingindustry in Australia. Asaresultit
hasbeen difficult for most operatorsto estimatethelevel and
nature of demand for equipment and services. Retailers
could lose in two ways if these demands are not known,
either by having an inadequate supply of products from
under calculation of current needs or by overstocking and
possibly havingto sell, at cut-throat prices, goodsinaneffort
to reduce stocks.

The report of the survey analysed the current diving
environmentin Australiaand discussed thestudy findingsin
detail. This paper will cover just afew of the pointsin the
DITAA survey.

The Australian diving industry is affected by such
things as population, external competition, customer life-
styles, technology, environment, overseas trends, the
economy, internal competition and regulations. 1n 1981 the
Australian population was 14.6 million, by the year 2001 it
isestimated that the population will be 20 million. Alsothe
agegroupsarechanging. By 2001 28% will be 19 yearsold
or younger whilethe40-59 group will be25%. Fromthisthe
market will lieinthelatter, “ Baby Boomers’, agegroupsand
attention should be channeled into introducing them to
diving. Customer lifestyles are towards family orientated,



