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1
DECOMPRESSION PLAN CALCULATOR

The Government has rights in this invention plirsuant
to grant number 04-3-158-5 awarded by the U.S. De-
partment of Commerce.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to methods and
devices for calculating decompression schedules for
underwater divers.

2. Description of the Prior Art

The problem of decompression sickness, or the
“bends”, is a well-known phenomena observed in divers
who surface after spending substantial periods of time
under water. Decompression sickness is caused by the
so-called “inert” gas component of the diver’s breathing
mixture, such as nitrogen in a normal air mixture. As the
diver descends, the pressure of the breathing mixture in
the diver’s lungs must necessarily be increased, and the
inert gases in the breathing mixture tend to slowly ab-
sorb into the body flnids and tissues of the diver at a rate
which depends in part upon the pressure of the breath-
ing mixture. As the diver ascends, the inert gases ab-
sorbed by his fluids and tissues are released therefrom
and are ultimately discharged from the diver’s body
through his lungs.

Although the physiological mechanism of decom-
pression sickness is not completely understood, a too
rapid release of the pressure on the diver’s body will
apparently cause the absorbed inert gases to form bub-
bles within the tissues of the diver which are of suffi-
cient magnitude to cause damage to the body tissues. It
has been observed, however, that rapid changes in pres-
sure on the diver’s body which do not exceed certain
maximum pressure changes will not result in the onset
of decompression sickness. It has been found that the
ratio of the absolute pressure of the inert gases within
the body tissue with respect to the ambient pressure on
the body of the diver must not exceed a certain maxi-
mum ratio, generally called the supersaturation ratio, if
decompression sickness is to be avoided. It has also been
found that the supersaturation ratio varies as a function
of the absolute tissue pressure.

Since the human body has many different types of
tissues, it may be expected that the various tissues in the

body would have different supersaturation ratios and

different rates at which inert gases are absorbed and
eliminated by the tissues. An early model of the actions
of the body tissues was proposed by Boycott, Damant
and Haldane, “The Prevention of Compressed--Air
llness,” J. Hygiene, Vol. 8, pp. 342 et seq. (1908), which
analogized the human body to a finite number of gas
diffusion chambers pneumatically connected in parallel,
with each chamber having a different supersaturation
ratio and a different time constant of diffusion.

The decompression tables utilized by the United
States Navy are substantially based on the theory intro-
duced by Boycott et al. However, other models of the
physiological behavior of body tissues under pressure
have been developed, and various computational de-
vices have been employed to simulate the body func-
tions based on these models. Typically, such calculators
have utilized several body tissue analogs having differ-
ent time constants, as for example, a plurality of cham-
bers wherein gas under pressure diffuses through a
membrane in the compartments. Other calculators have
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been developed which utilize an electrical analog of
such gas diffusion. It is apparent that with such mul-
ticompartment models it is necessary to continuously
monitor all compartments to determine the highest
pressure compartment in order to calculate a safe de-
compression stop. Such calculators have thus been
complicated and are generally expensive.

Most decompression calculators such as those de-
scribed above are based on physiological models which
assume that the time constant of absorption and the time
constant of elimination of gas from a tissue are the same.
This is not a valid assumption, as demonstrated by H. V.
Hempleman, “The Unequal Rates of Uptake and Elimi-
nation of Tissue Nitrogen Gas in Diving Procedures,”
Medical Research Counsel, R. N. Personnel Research
Committee, U.P.S., pp. 195 et seq., (1960). The com-
plexity required of the multiple compartment decom-
pression plan calculators, or their electrical equivalents,
also makes it virtually impossible to account for the
differences in supersaturation ratio and tissue time con-
stants which occur from individual to individual.

Various empirically derived tables have been devel-
oped by the Navies of the United States, Canada, and
other countries. These tables were prepared by testing
with subject divers to determine maximum rates of
decompression without the onset of decompression
sickness. While these tables are useful, they do not have
sufficient data to plan dives which vary in time and
depth from the dive plans used in preparing the tables.
It may also be noted that the decompression tables of
the various Navies do not agree uniformly. For exam-
ple, the tables of the Canadian Navy prescribe a more
conservative (longer duration) decompression schedule
than do the U.S. Navy tables for dives of relatively
short duration.

SUMMARY OF THE INVENTION

We have invented a compact calculator which allows
quick and simple calculations of safe and efficient diving
plans. We have determined that it is possible to approxi-
mate the many tissue time constants of a human being
with a single time constant of uptake of inert gas and a
single time constant of elimination, with the two time
constants being substantially different. We have also
determined that it is possible to approximate the contin-
uous variation in the supersaturation ratio with discrete
values of supersaturation ratio which are selected de-
pending on the length of the dive at the working depth
of the dive. We have further determined that by using
these approximations, it is possible to calculate diving

" schedules which closely approximate the empirically

derived diving tables, but which can also be used to
calculate diving schedules which deviate substantially
from the schedules given in the standard tables.

A diving plan calculator in accordance with our in-
vention utilizes a plurality of scales marked off with
spaced numerical markings on the surface of the calcu-
lator. These scales include a working depth scale, an
initial depth scale, a difference scale, a decompression
stop scale, an uptake time scale, and at least one decom-
pression stop time scale. These scales are so related that
by locating the working depth on the working depth
scale, the initial depth on the initial depth scale, and the
time at the working depth on the uptake time scale, it is
possible to determine a safe decompression stop depth
on the decompression stop scale by calculating means
provided on the decompression calculator. Means are
provided for relating a safe decompression stop depth
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to the decompression time required at that stop on the
decompression stop time scales, with the decompression
time scales being arranged such that each scale calcu-
lates the amount of decompression time required for a
different supersaturation ratio. We have determined
that a supersaturation ratio of 2.0 may be used to calcu-
late a safe decompression stop and a safe decompression
time for long duration dives of one hour or more. A
supersaturation ratio of 2.2 may be safely used for calcu-
lating the decompression time for dives between 30
minutes and one hour, and a supersaturation ratio of 2.4
may be safely used for calculating the decompression
time for dive times at the working depth of less than 30
minutes. These decompression stop time scales are uti-
lized if it is possible to surface with only one decompres-
sion stop.

For staged compression dives, where more than one
decompression stop is required, our decompression
calculator has a elimination time scale with numerical
markings thereon which is related to the other scales
such that by locating a chosen second decompression
stop on the decompression stop scale, and the first de-
compression stop on the working depth scale, means are
provided to indicate on the elimination time scale the
time required to be spent at the first decompression stop
before the second stop can be safely reached. We have
determined that the most satisfactory fit to the empirical
diving tables of the various Navies using an air breath-
ing mixture and under common dive conditions is ob-
tained using an uptake time constant equal to 47 min-
utes, and an elimination time constant equal to 70 min-
utes. Other time constants may be used to provide more
accurate results for non-air mixtures, for varying dive
temperatures, and to accommodate differences between
individuals.

Further objects, features and advantages of our inven-
tion will be apparent from the following detailed de-
scription taken in conjunction with the accompanying
drawing showing a preferred embodiment of a decom-
pression plan calculator exemplifying the principles of
our invention.

BRIEF DESCRIPTION OF THE DRAWING

The drawing is a front view of the face of our decom-
pression plan calculator.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

We have determined that it is possible to accurately
and safety estimate the diving plan required by utilizing
a single tissue model employing a first time constant for
absorption of inert gas by the body tissue, and a second
different time constant for the elimination of absorbed
gases by the body tissue. The use of such an asyminetri-
cal time constant, employed with the assumption of at
least one discrete supersaturation ratio, allows diving
plans to be calculated quickly as well as safely and
accurately, and further provides for the adaptation of
diving plans to different individuals, work loads and
environmental temperatures. We have determined that
proper selection of a discrete supersaturation ratio can
be accomplished in accordance with the amount of time
that the diver spends under water at the working depth,
with these discrete supersaturation ratios allowing very
satisfactory approximations to the actual diving param-
eters.

The method of calculating a diving plan in accor-
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lows. The dive parameters comprising uptake and elimi-
nation time constants, the supersaturation ratio required
given the amount of time that the diver will spend at the
working depth, and the working depth itself, are first
determined. It is then possibie to calculate the inert gas
pressure in the diver’s body tissue at the end of the dive
at the working depth using these dive parameters. The
working pressure on the diver’s tissue will, of course, be
proportional to depth of the dive. Thus, it is necessary
to calculate the absolute inert gas pressure P, in the
diver’s tissue at the end of a time period at the working
depth pressure P, (corresponding to the working depth
d,). The foregoing literal numbers and others used
herein are intended to represent general numerical val-
ues, as is customary. If the initial inert gas absolute
pressure in the diver’s tissue at the beginning of the dive
is equal to a known pressure P; and #, is the time spent
at the working depth, the pressure Pe; in the diver’s
tissues may be calculated from the. following equation:

Py = (P — Ps) ew/™U + P,

The time constant T, is the time constant of uptake of
the inert gas and is preferably determined in a manner
which allows the closest fit of the results derived from
the equation above to actual empirical data such as that
obtained from Navy diving tables. We have determined
that a satisfactory result for an air breathing mixture and
for the average diver is obtained using an uptake time
constant T, equal to 47 minutes. However, adjustment
of the uptake time constant value (as well as the elimina-
tion time constant) may be made in order to obtain more
accurate results for particular individuals, and for the
conditions of the dive such as metabolic rate and tem-
perature.

After the inert gas tissue pressure Pe; at the end of the
dive at depth d,, has been calculated, it may be decided
if it is safe for the diver to surface immediately, or if a
decompression schedule must be calculated. This may
be accomplished by dividing the tissue pressure Pe; of
the diver by the ambient pressure P, at the surface, and
comparing the quotient with the appropriate supersatu-
ration ratio S. If the quotient is less than the supersatura-
tion ratio, the diver may return immediately to the sur-
face without the need for decompressnon

For the case where decompression is required, the
ambient absolute pressure at the required first decom-
pression stop may be calculated by dividing the tissue
pressure Pe; by the appropriate supersaturation ratio S to
determine the ambient pressure P at; the first safe de-
compression stop. Thus, the pressure Py at the first
decompression stop can be determined from the follow-
ing equation:

_ P _B-B) Ty Py

s .

Since the depth of the stop will be proportional to the
pressure Py, at the decompression stop, (ie. Py = 0.43
dg+ P,) the depth of the stop may be calculated from
the following equation:

P,—043 d,)
~0435

d, (Pi—

K
dy=—5 T6E-D

€Ty -
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where d, is the working depth in feet, d;, is the depth of
the first decompression stop, K = P,/0.43 and P, is the
absolute pressure at the surface (14.7 psia at sea level).
The constant K is the depth in feet equivalent to the
. absolute atmospheric pressure at the surface.

We have determined that the constant variation of the
supersaturation ratio S with dive time and dive pressure
may be approximated by discrete values of supersatura-
tion ratio, with the value of supersaturation ratio se-
lected depending on the time spent at the working
depth of the drive. A supersaturation ratio of 2.0 is
generally accepted as a safe and conservative estimate,
and it is commonly utilized in calculating decompres-
sion schedules. A supersaturation ratio of 2.0 is appro-
priate and safe for a longer duration dive of 1 to 2 hours
or more, generally without regard to the depth of the
dive. However, we have also determined that decom-
pression times may be minimized safely by utilizing a
second supersaturation ratio of approximately 2.2 for
dives of 30 minutes to an hour, and a third supersatura-
tion ratio of 2.4 for dives of 30 minutes or less, also
generally without regard to the depth of the dive.

Safe diving schedules in accordance with our inven-
tion may be planned by calculating the first and any
subsequent decompression stops using the conservative
supersaturation ratio of 2.0, while the less conservative
supersaturation ratios may be used to determine the
amount of time that the diver must spend at the decom-
pression stop. Using a constant supersaturation ratio of
2.0, the equation for the decompression stop becomes:

sz (P — Py — 043 do) €™/ Ty —

d,
di=—3-+ 2
where K = 34.2 feet for dives from sea level. Where P;
is given in terms of an equivalent depth d; and assuming
a dive from sea level, this equation becomes

dw
dy=—— +% d;—dy) et Ty — 17.09.

After the decompression stop is known, the time £
that the diver is required to remain at the decompres-
sion stop in order to lower his tissue pressure to a de-
sired pressure P, may be calculated from the following
equation:

P, t P, sl
= — T.In [_"—'Pﬂ_ P, ]
where In is the logarithm to the base e. The time con-
stant T, of elimination of inert gas from body tissues is
not identical to the time constant T, of uptake of the
inert gas, but is, in fact, sabstantially different. We have
determined that an elimination time constant T, of ap-
proximately 70 minutes provides a satisfactory approxi-
mation to the empirical data for air breathing mixtures,
although our decompression plan calculator is not lim-
ited to particular chosen time constants of uptake and
elimination. The final pressure P, in the equation is de-
termined such that P, divided by the ambient pressure
P,at the surface is equal to the appropriate supersatura-
tion ratio S, depending on the amount of time spent at
the working depth, as explained above.
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If the surface can be reached with only one decom-
pression stop, the time required at that stop may be
obtained from the following equation:

= nll’l [ ]

The pressure P, at the surface will be approximately
14.7 psia at sea level, wherein K=34.2 feet, and as noted
above, S may be chosen equal to a desired value such as
2.0, 2.2, or 2.4 depending on the dive time.

If the pressure P, that must be reached in order to
surface safely is less than the pressure P at the decom-
pression stop calculated, it is necessary for the diver to
proceed to at least one more decompression stop before
surfacing. This next required decompression stop can be
calculated if the time that the diver spends at the first
decompression stop is known. For staged decompres-
sion, the amount of time that a diver spends at the first
decompression stop is arbitrary, and may be chosen at
the convenience of the diver. Alternatively, if the depth
of the second decompression stop is chosen arbitrarily,
the time required at the first stop may be calculated. If
the amount of time that the diver spends at the first
decompression stop is selected, the pressure P, of the
inert gas in the diver’s tissues at the end of the selected
time period can be calculated, and this pressure can be
divided by the supersaturation ratio to determine the
pressure Py at the next required decompression stop,
and thus the depth of the next decompression stop. The
final pressure at the first decompression stop can be
utilized as the initial pressure for calculation of the next
decompression stop, and the total time required to de-
compress at the next- decompression stop can be calcu-
lated. Again, if it is not possible to reach a safe pressure
at the second decompression stop, a third decompres-
sion stop must be calculated in the manner given above.
It is apparent that any number of required additional
decompression stops may be calculated in this manner.

The drawing shows an example of a decompression
plan calculator shown generally at 10 which can be
utilized to calculate a decompression schedule in accor-
dance with the method described above. The initial
diver tissue pressure P;is first found on the intial press-
ure—initial depth scale 11 on a base 12 of the calculator
10 having spaced numerical markings thereon repre-
senting the intial depth or initial tissue pressure of a
diver. The readings on the scale 11 are given in feet
below the surface at sea level, with the sea level pres-
sure P, = 14.7 psia, but it is possible to translate this to
absolute pressure since each approximately 34.2 feet of
depth is equivalent to one atmosphere of pressure (14.7
psia). Thus, the reading on the initial depth scale will be
proportional to P;~ P,or to d;where d;is a depth equiva-
lent to the initial pressure. The desired working depth at
which the diver will be remaining for a length of time
t, is then found on a working depth scale 13 having
spaced numerical markings thereon representing the
working depth of a dive. The initial depth readings on
the scale 11 and the working depth readings on the scale
13 are then aligned by.a straight line hairline 14¢ and
imprinted on a pointer 14, The pointer 14 is preferably
a piece of straight clear plastic which is pivotally
mounted at a point intermediate the end ithereof to a
slider 15 which is mounted for sliding movement within
a first straight channel 16 formed in the base. The slider

P,+ 043 d,

—er T K+ dy
P, — 1) — 04ddy )= 1<

KS-1)—-dy
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15 may be locked within the channel 16 by means of a
locking nut 17 which, when turned; causes the slider 15
to be firmly restrained against the edges of the channel
16. The pointer 14 is rotatably connected to the slider
15, and can be locked in an angular position with re-
spect to the slider by means of a locking nut 18, The
difference between the working ‘depth shown on the
working depth scale 13 and the initial depth on the scale
11 is then read under the hairline on a difference scale
19 having spaced numerical markings thereon. Alterna-
tively, the scales 11 and 13 may be related such that
alignment of a pointed indicator 15z on the slider 15
with the initial depth on the scale 11, and alignment of
the hairline 14a with the working depth on the scale 13,
allows the difference to be read under the hairline. The
number read on the scale 19 is proportional to the differ-
ence obtained when the working depth is subtracted
from the initial depth (i.e d;— d,or P,— P, — 0.43 d,).

The difference between the initial depth (or initial
pressure) and the depth of the dive d,, is then multi-
plied, in accordance with the method described above,
times e‘w! Ty, where the time #, is the time that the diver
plans to spend at the working depth. The exponential of
the time may be calculated by a time scale 26 which is
marked off is exponentially spaced numerical marking
increments, with the upper scale 20z of numerical mark-
ings shown in FIG. 1 representing the scale of time for
the uptake of inert gas, and with the lower scale 205 of
numerical markings representing the time scale for elim-
ination of inert gas from the diver’s tissues. For pur-
poses of illustration, the upper time scale 20a is marked
off using an uptake time constant of 37.5 minutes and
the lower time scale 205 is marked off using an elimina-
tion time constant of 75 minutes. Multiplication of the
difference between the initial depth and the working
depth times the exponential of the time spent at the
working depth is accomplished by moving the slider 15
upwardly and turning the pointer 14 to a position such
that the hairline 14a connects the difference found on
the difference scale 19 with the time found on the time
scale 20, The locking nut 18 is then turned down to lock
the pointer in this position and to hold the hairline also
parallel to its initial position. The slider 15 is then
moved down until the hairline 14a intersects the work-
ing depth on the scale 13, which in effect, adds the
working depth d,, to the product found in the step
above. This result is then divided by a constant super-
saturation ratio, which is taken to be 2.0 for maximum
safety, with the resulting decompression stop required
being read on a decompression stop scale 21 under the
hairline 14a. The division by 2.0 is accomplished by
spacing the numerical markings twice as far apart on the
decompression stop scale as on the working depth scale.
With a dive beginning at sea level, where P, = 14.7 psia,
the decompression calculator 10 provides a value for
the decompression stop according to the following
equation:

du=0.5dw+1.163(P— 14.7—0.43dw)e'w! Tu —K/2

or .
dy= 05d, + 0.5 (d, ~du)e'w! Tu—K/:

where K is a constant equal to the depth of water equiv-
alent to the surface absolute pressure. K = 34.2 feet for
dives from sea level. ’

If the surface can be reached with one decompression
stop, the time which the diver must spend at the decom-
pression stop depth in order to safely:-return to the sur-
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face is determined on one of three decompression time
scales 22, 23 and 24. The first decompression time scale
22 corresponds to a supersaturation ratio of approxi-
mately 2.4, the second decompression time scale 23
corresponds to a supersaturation ratio of 2.2, and the
third decompression time scale 24 corresponds to a
supersaturation ratio of 2.0. A straight side pointer 25 is
moved parallel to its original position up or down with-
out rotation in a second straight channel 26 formed in a
base side portion 124, until the side pointer 25 aligns
with the decompression stop reading found on the de-
compression stop scale 21, The time required to decom-
press at that decompression stop is then read on one of
the scales 22, 23 or 24 under the side pointer 25, The
first decompression time scale 22 is appropriate for
dives up to one-half hour at the working depth, the
second scale 23 is appropriate for dives from one-half
hour to one hour at the working depth, and the third
scale 24 is appropriate for dives of one to two hours or
more at the working depth, regardless of the depth of
the dive. Although only one supersaturation ratio is
used to determine the decompression stop to be utilized,
the use of three discrete supersaturation ratios to deter-
mine the decompression time results in the same amount
of decompression time as would be required if a less
conservative supersaturation ratio than 2.0 was utilized
to calculate the decompression stop.

The time markings on the time scales 22, 23, and 24
are selected to yield time values under the pointer 25 as
a function of depth dyaccording to the equation:

P,+ 043 d,

ty=T,In [P,,(S——-l):m,:': Teln[ ]

where T, = 70 minutes, P, = 14.7 psia, K = 34.2 feet for
dives from sea level, and S is the appropriate supersatu-
ration ratio.

Where a decompression schedule cannot be worked
out for single stage decompression, the decompression
time scales 22, 23, and 24 cannot be utilized. However,
since any dive that would require more than one de-
compression stop would almost certainly be a long
duration dive, only a single supersaturation ratio need
be utilized, and we have determined that a supersatura-
tion ratio of approximately 2.0 is adequate for virtually
all such long duration dives. Thus, the first decompres-
sion stop may be determined in the manner described
above and will be read off the decompression stop scale
21, The next decompression stop may be chosen ac-
cording to standard tables such as those calculated by
the United States Navy, or may be spaced apart in equal
or unequal increments as desired, or the time spent at
the first stop may be chosen arbitrarily, which allows
determination of the depth of the next stop. The calcula-
tion procedure is then continued in order. to calculate
the time required to stay at the first stop in order to
safely ascend to the next decompression stop chosen.
The required pressure P, in the diver’s tissues which
must be obtained at the first decompression stop in
order to reach the next selected decompression stop
safely, is computed by multiplying the supersaturation
ratio (here assumed to be equal to 2.0) times the pressure
P, at the second decompression stop. The time t thus
required to reach this pressure P,at the first decompres-
sion stop may be calculated from the following equa-
tion: ey

K+dsl
KS-1)—dy



4,037,084

2Py — Py
Pﬂ' - P:I

[t ]

where P is the pressure at the chosen second decom-
pression stop depth d.

The same procedure may be accomplished on our
decompression calculator shown in the drawing. The
depth of the first decompression stop dy(equivalent to
P, is first found on the working depth 13, and the depth
equivalent to the inert gas pressure P, in the diver’s
tissues at the end of the time that the diver spends at the
working depth is located on the initial pressure scale 11,
This value is easily calculated since, generally, p,; =
2Py or dey = 2dg + K. Where P, = 14.7 psia, dei = 2dg
+ 34.2. The slider 15 is moved downwardly and the
pointer 14 is turned until the hairline 14a of the pointer
connects the initial pressure reading on the scale 11 with
the original decompression stop depth reading on the
working depth scale 13. The difference (equivalent to
d,; — dg) is read under the hairline 14« on the difference
scale 19, The depth of the next or second decompres-
sion stop is then located on the decompression stop
scale 21, The slider 15 and pointer 14 are then adjusted
so that the hairline 14a connects the second decompres-
sion stop reading on the scale 21 with the first decom-
pression stop reading on the scale 13, The pointer is
then locked in this position, with the inclination of the
pointer in this position being proportional to the differ-
ence 2P, — Py, ordy — dy+ K, where K = 34.2 when
the dive begins at sea level. The slider 15 is then moved
upwardly until the hairline 14« intersects the previously
determined difference reading on the difference scale
19. The reading on the lower portion of time scale 15
(corresponding to elimination of inert gas) under the
hairline is located, with the intersection of the hairline
and the time scale being proportional to

dei — dsl
d:Z - d:l + K-

The reading on the time scale under the hairline gives
the amount of time that the diver must remain at the
first decompression stop. Because of the exponential
progression of the numbering on the time scale 18, the
reading obtained thereon is equal to

——.:I—-——]ort =T, In [

Again, K = 34.2 feet for a dive from sea level.

If the surface cannot be reached safely from the sec-
ond decompression stop, a third decompression stop,
and the time required at such stop, may be calculated as
above. This procedure may be repeated as often as
necessary until surfacing is achieved.

It is understood that our invention is not confined to
particular embodiments herein illustrated and  de-
scribed, but embraces all such modified forms thereof as
come within the scope of the following claims.

We claim:

1. A decompression plan calculator, comprising:

dS]+K
d_a— d_‘]+ K
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a. a working depth having numerical markings
thereon representing the working depth d, of a
dive;

b. an initial depth scale having numerical markings
thereon representing the initial depth 4, of a dive;
c. a difference scale having numerical markings

thereon;

d. means for indicating on said difference scale the
difference d; — d, between a numerical value lo-
cated on said working depth scale and a numerical
value located on said initial depth scale;

e. a decompression stop depth scale having numerical
markings thereon representing the depth d; of a
decompression stop;

f. an uptake time scale having numerical markings
thereon representing the time ¢, spent at the work-
ing depth, the nuinerical markings on said uptake
time scale being spaced thereon in proportion to
e'w! T, where Ty, is a selected uptake time constant;

g. means for dividing a reading equal to d; — d, on
said difference scale by a value equal to ew! T, de-
termined on said uptake time scale, adding the
working depth d,, located on said working depth
scale to the quotient, substracting a constant K
equal to the depth of water equivalent to surface
absolute pressure, and for indicating the sum

K

d d; — d,
CELEN

-
2

on said decompression stop depth scale, whereby
such sum is equal to a safe decompression stop
depth d;

h. at least one decompression stop time scale having
numerical markings thereon representing the
amount of time ¢, that the diver must spend at the
decompression stop depth din order to safely sur-
face;

i. means for indicating on said decompression stop
time scale a time reading ¢#; corresponding to a de-
compression stop reading d;on said decompression
stop scale wherein #, and dare related such that the
reading t, is approximately equal to

LT

where T, )

is selected time constant of eimination not equal to

T,, and where S is a chosen supersaturation ratio.

2, The decompression plan calculator specified in

claim 1 including (1) and elimination time scale having
numerical markings thereon representing time ¢, spent at
a decompression stop, the numerical markings on said
elimination time scale being spaced thereon in propor-
tion to e 4/T. where T. is the selected time constant
of elimination, and (2) means for subtracting a first de-
compression stop reading dy on said working depth
scale from a second decompression stop reading dy on
said decompression stop scale and for intersecting said
elimination time scale a distance along the length of said
scale proportional to

K +dy
K(s—1) — dy
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to indicate a reading t; on said elimination time scale
numerical markings such that t, is approximately equal
to .

Teln[

3. A decompression plan calculator, comprising:

a. a working depth scale having spaced numerical
‘markings thereon representing the working depth
d, of a dive;

b. an initial depth scale having spaced numerical
markings thereon representing the initial depth d;of
a dive;

c. a difference scale having numerical markings
thereon with the spacing between said markings
being selected such that a straight line intersecting a
numerical value d,,0n said working depth scale and
a numerical value d;on said initial depth scale will
intersect said difference scale as a numerical mark-
ing value thereon proportional to d; — 4,

d. an uptake time scale having spaced numerical
markings thereon representing the time ¢, spent at
the working depth, the spacing between said mark-
ings being proportional to.ew'T,where Ty is a
chosen uptake time constant;

e. a decompression stop scale having spaced numeri-
cal markings thereon, the spacing between said
markings being selected and the relative positions
of said uptake time scale and said decompression
stop scale being selected such that a first straight
line intersecting said working depth d, on said
working depth scale will intersect said decompres-
sion stop scale at a numerical value dgyequal to -

dsl+K ]

dsZ - dsl +K

‘;—w + ——‘——(dl 3 o) e ‘w/Ty — 12{—
where K is a constant equal to the depth of water
equivalent to the absolute pressure at the surface
and where said first straight line is parallel to a
second straight line which intersects the difference
d; — d, on said working pressure scale and the time
t, spent at the working depth on said uptake time
scale;

f. at least one decompression stop time scale having
spaced numerical markings thereon representing
the amount of time #; a diver must spend at the
decompression stop depth d;in order to safely sur-
face, the spacing of said markings being selected
and the relative position of said decompression stop
scale and said decompression stop time scale being
selected such that a line which intersects the value
d, on said decompression stop scale, and which is

" parallel to a preselected straight line on the decom-
pression calculator, will intersect said decompres-
sion stop time scale at a numerical marking value
approximately equal to

5

10

20

30

45

50

55

65

12

T K+d,
Teln [ KG-D-4dy

]

where T,is a selected time constant of elimination
not equal to T,, and where S is a chosen supersatu-
ration ratio, whereby said numerical marking value
provides an amount of time required at the decom-
pression stop depth d;; before safely surfacing.

4. The decompression plan calculator specified in
claim 3 including an elimination time scale having
spaced numerical markings thereon representing the
time ) spent at a depth d, the spacing between said
markings being proportional to e¥/T. where T; is a
chosen elimination time constant not equal to T,, and
wherein said elimination time scale, said working depth
scale, said initial depth scale and said decompression
stop scale are related such that for a first straight line
intersecting a second decompression stop value dg on
said decompression stop scale and a first decompression
stop value d; on said working depth scale, a line parallel
thereto which intersects said difference scale at a nu-
merical value proportional to dy; + K will intersect said
elimination time scale at a numerical marking value ¢,
approximately equal to

S EEETI

where T, is a selected time constant of elimination not
equal to T,, whereby the time value #, is an amount of
time required at the decompression stop depth d;before
the diver may ascend safely to the next decompression
stop depth dg

5. A decompression plan calculator comprising:

a. a base having a first and second straight channel
therein;

b. a slider movable within said first channel;

c. a pointer pivotally mounted to said slider, said
pointer having a straight hairline thereon;

d. a straight side pointer movable in said second chan-
nel in a straight line and without rotation;

e. an initial depth scale on said base having numerical
"markings thereon representing the initial depth of a
dive;

f. a working depth scale on said base having numeri-
cal markings thereon representing the working
depth of a dive;

g. a difference scale on said base having numerical
markings thereon, wherein said pointer and said
initial depth, working depth, and difference scales
cooperate to indicate the difference of values on
said initial depth and working depth scales on said
difference scale;

h. a decompression stop depth scale on said base hav-
ing numerical markings thereon representing the
depth of a decompression stop;

i. an uptake time scale on said base having numencal
markings thereon representing the time spent at the
working. depth, the numerical markmgs on said
uptake time scale being spaced thereon in propor-
tion to the exponential of the time at working depth
value divided by a chosen uptake time constant,
wherein said pointer, said difference scale, said
decompression stop scale and said uptake time scale

dsl + K
dsz - dsl + K
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cooperate to indicate ‘a safe decompression stop
depth on said decompression stop scale for selected
values of initial depth, working depth, and time at
working depth;
j. at least one decompression time scale on said base
having numerical markings thereon representing
the amount of time that a diver must spend at the
decompression stop depth in order to surface safely,
wherein said side pointer and said decompression
stop and decompression time scales cooperate to
indicate a safe decompression time on said decom-
pression time scale for a selected decompression
stop value.
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6. The decompression plan calculator specified in
claim 5 including an elimination time scale on said base
having numerical markings thereon representing time
spent at a decompression stop, the numerical markings
on said elimination time scale being spaced thereon in
proportion to the exponential of time at a decompres-
sion stop divided by a chosen elimination time constant,
wherein said pointer and said scales cooperate to indi-
cate on said elimination time scale a safe amount of time
spent at a selected first decompression stop depth in
order to safely asend to a second decompression stop
depth.

® % * % %
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