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After publication and distribution, an error was found in Version 1.1 of
Subroutine FRSP7 which will cause small underestimates in no-decompression
time and which will (in certain instances) compute first stop depths one depth
increment deeper than necessary. (The program computes 0 min stop times at
these too deep first stops so the resulting decompression profiles are
correct),

All holders of the above report should make the following changes and
substitutions to the original:

1. Replace pages 40/41 and B4-1 thru B4-4 (Annex B4) with
the attached pages. Note that the replacement pages
are all coded ERR 1.0 in the lower right hand cormer.
Subroutine FRSP7 is now Version 1.2.

2. Make a pen and ink change to Fig. 9 (page 30). Change
the no-decompression time at 110 FSw from 23 ¢ . 24
min.

All other decompression profiles and Model Parameter Printouts remain
correct for Version 1.2 of Subroutine FRSP7.
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The computer algorithms used in computing the MK 15/16 Constant 0.7 ATA

Oxygen Partial Pressure Decompression Tables are presented. These algorithms
were used to compute both the nitrogen—oxygen and helium—oxygen tables. No
physiological rationale or test results are presented. Two model independent
input-output programs are presented which can be used with any decompression
model which can be written in the prescribed 8 subroutines. One input—-output
program outputs each decompression schedule in a very detailed format while
the other outputs schedules in U.S. Navy Decompression Table format. The 8
subroutines comprising the current MK 15/16 Decompression Model are presented
in detail. Where changes in the Decompression Model were made, all versions
t;f the appropriate subroutines are presented. All versions of the program
used for computing ascent criteria are presented as well as tables of all
ascent criteria actually used in the development of the current MK 15/16
Decompression Model. Annexes contain complete listings of all programs in the

Fortran IV language.




Algorithm

Decompression Profile

Decompression Schedule

Decompression Table

Dive Profile

GLOSSARY

A sequence of logical steps used to obtain a
mathematical result.

A table or graph showing the time/depth coordinates
for an entire dive including all desired stops and
all obligatory decompression stops.

A listing showing required decompression stop depths
and stop times for a particular Bottom Depth/Time
dive .

A structured set of decompression schedules usually
organized 1in order of increasing Bottom Depths and
Bottom Times.

A table or graph of time/depth coordinates for amn
entire dive showing all desired stops without
regard to decompression obligation.
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INTRODUCTION

Over the period from 1977 through 1982, the U.S. Navy Experimental Diving
Unit (NEDU) was tasked with developing a set of decompression procedures for
use with the MK 15 and MK 16 Underwater Breathing Apparatus (UBA) using a
constant oxygen partial pressure of 0.7 ATA and either helium or nitrogen as a
diluent. A report regarding a portion of the development of schedules for use
with nitrogen as the diluent has been published (1), and the results of
schedule testing using helium as a diluent are forthcoming.

Previous efforts by the U.S. Navy in calculating decompression tables have
generally started out with a decompression model of some sort but as
development progressed, only schedules which produced decompression sickness
were revised. Thus, the finished set of tables could not be completely
calculated from the original assumptions because these revisions were not
applied to all schedules, The effort resulting in the production of the MK
15/16 Comstant 0,7 ATA Oxygen Partial Pressure Tables differed in that a
computer algorithm was first written and tested. As testing progressed,
changes were made to the algorithm and only when a safe algorithm was found
were a set of tables computed. Thus, all of the schedules contained in the
tables were computed exactly the same way and can all be reproduced exactly
from the programs described here. It must be realized, however, that roundoff
errors could result in differences in stop times of up to 1 minute when
different computer systems are used to run the algorithm. However, the total
decompression time for a given schedule should never differ by more than 1 ,
minute., These slight variations are considered insignificant.

The purpose of this report is to document the computer programs used in
calculating the MK 15/16 Constant 0.7 ATA Oxygen Partial Pressure Tables. No
discussion of the physiological rationale behind the programs will be given at
this time. Only the details necessary to understand the mathematical logic
and to properly run the programs will be presented. In addition, complete
listings of all programs and subroutines are presented.

All of the programs presented here are written in the Fortran IV language
running under the Hewlett-Packard RTE IV-B Operating System. All subroutines
which are peculiar to the RTE IV-B Operating System are identified for those
wishing to bring up these programs using other operating systems. However, it
must be understood that neither the authors nor NEDU have the time or
facilities to assist in modification of these programs for use with other
operating systems.

The RTE IV-B Operating System accepts only a single line of ASCII input
for each Fortran READ Statement using the Free Field Format. The Free Field
Format (FORMAT statement number specified as *) allows real or integer values,
separated by commas, to be input on the same line and does not require a
decimal point for whole real numbers. Once the return key i1is hit, all
variables in the READ input list not specified on that line remain unchanged.
Other operating systems may not handle Fortran READ Statements this way and
program modifications may have to be made.




These programs are extremely flexible and can compute decompression
schedules for a variety of dive profiles and breathing gases. However, it
must be realized that only certain decompression schedules have been tested
and shown to be safe. Some of the test results of these schedules have been
published (1) and others will be the subject of future NEDU reports.

PROGRAM OVERVIEW

This report is divided into three parts. Part 1 describes the two model
indpendent input-output programs DMDB7 and TBLP7 along with descriptions of
associated input and output files, Part 2 describes the subroutines which
comprise the MK 15/16 Decompression Model and Part 3 details the calculation
of the various ascent criteria used with the Decompression Model.

The model independent input-output programs DMDB7 and TBLP7 are designed
to accept time, depth and rate profile coordinates from a Profile Coordinate
Input Fi{le and output a specific decompression schedule or a complete set of
decompression tables in a specific format. These programs do no calculations
related to the Decompression Model but pass parameters to the model and accept
for output parameters such as stop depths and stop times which are computed by
the model. The interactions of programs DMDB7 and TBLP7 with the decompres-
sion Model Subroutines is shown in Fig. 1. Although the MK 15/16 Decom—
pression Model Subroutines used in the development of the computer algorithm
are presented in Part 2 of this report, programs DMDB7 and TBLP7 are model
independent and can be used with any decompression model so long as the
conventions used to get data to and from the subroutines are adhered to. Both
programs DMDB7 and TBLP7 accept the same types of inputs; they differ only in
their outputs. Program DMDB7 outputs an exact decompression schedule with
times computed to two decimal places and will also output Model Profile
Parameters used during computation of the schedule. Program TBLP7 rounds off
all decompression stops to whole minutes and outputs schedules in standard
U.S. Navy Decompression Table format.

Detailed descriptions of each of the eight subroutines which comprise the
MK 15/16 Decompression Model are presented in Part 2. During the development
of the computer algorithm a change in the MK 15/16 Decompression Model was
made. This change resulted in two versions of the Tissue Update Subroutine
UPDT7 and the Stop Time Computation Subroutine STIM7. Version 1 is the most
current version and assumes that tissues take up gas expomnentially but form a
gas phase after a certain amount of supersaturation at which point gas
elimination proceeds linearly. This model will be referred to as the
Exponential~Linear or E-L Model. Version 2 of these subroutines was the
version used ¢to compute the tables described 1in reference (1). It 18 the
classical perfusion limited supersaturation model where no gas phase is ever
assumed to form where both gas uptake and offgassing are assumed to be
exponential. Version 2 will be referred to as the Exponential-Exponential or
E-E Model.
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Introduction

Programs DMDB7 and TBLP7 (the I-0 Programs) which are described in this
section were designed to accommodate any decompression model which can be
written as the 8 subroutines required by the I-0 Programs. The I-0 Programs
accept 1input from a Profile Coordinate Input File which may be entered
directly from a terminal. However, it 1s more convenient to create the
Profile Coordinate Input File with a text editor and then have the program
read in the file a lipne at a time from a mass storage device, In this way,
errors in the input file are more easily corrected. The Profile Coordinate
Iaput File describes the individual profile segments which make up the dive
profile. The I-0 Programs break these profile segments into two subsegments
and pass the variables necessary to completely describe the subsegment to the
Decompression Model in a common block. However, as seen in Fig. 1,
subroutines RDIN7, STIM7, FRSP7, NLIM7 and RCRD7 also pass additional
variables 1in their subroutine calling sequences. The Decompression Model
performs whatever coaputation and record keeping it requires as each
subsegment of the profile is processed. As long as descents are made the
Decompression Model Subroutines provide little direction to program DMDB7 or
TBLP7 but as soon as an ascent is desired these I-0 Programs call on the
Decompression Model Subroutines to provide them with the necessary stop
depths and times in order to safely decompress to the next shallower depth.
Once the ascent has been completed, programs DMDB/ and TBLP7 again take
direction from the Profile Coordinate Input File until the next ascent is
desired at which time the Decompression Model Subroutines take over. In
simplistic terms the Profile Coordinate Input File directs descent while the
Decompression Model Subroutines direct ascent. The only practical limic oan
the complexity of the dive profile are the sizes of the buffers which hold
the decompression schedule as it is being calculated.

Since programs DMDB7 and TBLP7 both use the same input file structure,
this will be described first.

Profile Conrdinate Input File Format

Any dive profile no matter how complex can be broken down into segments.
In Fig. 2 a dive profile consisting of seven segments is shown. All ascents
and descents are assumed to be linear and each segment is assumed to be
comprised of two subsegments; a stop for some time (which may be 0 main) at a
constant depth followed by a linear ascent or descent to a new depth (the new
depth and old depth may be the same resulting in no depth change). The
profile in Fig. 2 only shows the depths and times of interest without regard
to decompression obligation, It is up to the Model to provide information
regarding any stops vhich wmust be taken during ascent. Thus, although all
ascents shown in Pig. 2 show direct linear ascent to the next shallower depth
the Decompression Model will compute and insert any required stops into each
ascent subsegmant. The spacified ascent rate will be retained as the rate of
ascent between decompression stops. Each profile segment is completely
described by three parameters; the TIME at the current depth, the Next DRPTH,
and the RATE of depth change. Programs DMDB7 and TBLP7 require the RATE to
slways be a non-gzero number, even if no depth change will occur.
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PROFILE COORDINATE INPUT LINE: TIME AT DEPTH, NEXT DEPTH, RATE
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O (K) DEPTH FROM PREVIOUS PROFILE
(K-1) (K) COORDINATE INPUT D(K-1)

SECOND __>|
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DIVE PROFILE MATRIX (Time, Depth, Rate)
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Each time a profile coordinate input is expected, the Profile Matrix
Poiater (K) poiants to the junction of the first and second subsegment. After
the profile coordinates are input, che I-0 Program executes two model
updates, one for each subseguent. The Time at the Current Depth specifies
the oumber of minutes to be spent at the Depth which was 1input 1in the
previous Profile Coordinate Input Line [D(K-1)]. The Next Depth and Rate
specify where the profile goes to next and what the desired rate of depth
change is. The Depth Change and time required for the change, T(K+l), are
computed by the I-0 Programs. The I-0 Programs enter the profile coordinates
into the Dive Profile Matrix as shown in Fig. 2. Time at the Curremnt Depth is
T(K), the Next Depth is D(K+l) and the Rate is R(K). The I-0 Program
computes T(XK+l) and enters a value of 0.0 at R(K+l). The value at the next
Depth is also entered again as D(K+2). If the Model determines that stops
are required D(K+l) and D(K+2) will be the depths of the first stops as
computed by the Decompression Model. After all updates are completed K is
incremented by 2 and will point to the K+2 position in the portion of the
Dive Profile Matrix shown in Fig. 2. The final entry in any Dive Profile
Matrix is made at K+l, and printout will stop at the K+l position of the
final profile segment.

The Profile Coordinate Input File contains the Time at Current Depth,
Next Depth, and Rate coordinates which describe the dive profile as well as
other information needed to compute the decompression schedule. An example
of an input file 1s shown in Fig. 3. The line numbers on the left are for
reference and are not part of the file. This particular file contains five
separate profile descriptions. The first two lines of the file, the name of
the Model Input Parameter File followed by the Units and Depth Increment are
specified only once 1in the input £file no matter how many profiles are
described in the file. The Model Input Parameter Filename is passed to
Subroutine RDIN7 which reads the file and passes the data to the other
Decompression Model Subroutines. The first integer in the second line of the
input file specifies the depth units which will be used for input. A value
of “1” means all depth and rate inputs will be in feet and any other value
means all depth and rate inputs will be in meters. The I-O Program passes a
conversion factor to convert meters to feet to the Decompression Model
Subroutines which use depth units of feet internally for the most part. The
next integer is the Depth Increment and is usually one of three values; 10,
5, or 3. A value of "10” 1s usually used with input units in feet and
signifies that all stops will be in 10 feet of seawater (FSW) increments.
When meters are used for input, the Depth Increment is usually "3 or "S”
signifying 3 or 5 mesters of seawater (MSW) stop depth increments. Other
depth increments may be used but they must be whole numbers.

Lines 3 through 12 of the input file shown in Fig. 3 represent the
profile coordinate inputs for the firat profile. The last line of input for
the profile (which in this case is line 12) 1is "YES" signifying that another
profile follows. If cthe last line of input had been "NO", as in line 56,
then the program would stop. As long as the last input for each profile is
"YES”, additional profiles may be input. There is no limit to the number of
profiles which may be described. After the last profile has besen input, this
last line must be "NO”, as it is for the last line of the 5th profile.
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; FIGURE 3. PROFILE COORDINATE INPUT FILE FORMAT. THE LINE NUMBERS TO THE
LEFT ARE FOR REFERENCE AND ARE NOT PART OF THE FILE. '
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The third line of input is the Profile Identifier, and the fourth line of
input contains up to eight gas tension values, (only 2 are shown) each
separated by a comma. The first, third, fifth and seventh values are
interpreted as inert gas fractions, (First Inert Gas Fraction, Second Inert
Gas Fraction, etc.) the second, fourth, sixth and eighth as oxygen partial
pressures in atmospheres absolute (ATA)(First Oxygen Partial Pressure, Second
Oxygen Partial Pressure, etc.). It is not necessary to input all eight
values. For example, in air dives only one value need be entered, a First
Inert Gas Fraction Value of 0.79. In the profile shown in Fig. 3, only two
values are used; an inert gas fraction of 0.79 and an oxygen partial pressure
of 1.0 ATA. Options which will be described below specify which of these gas
tensions is used by the Decompression Model for a profile segment particular
upda te.

After the gas tensions have been entered, the next lines of input occur
in pairs. The first line of each pair is a line of profile coordinates for a
single profile segment as shown in Fig. 2, and the next line of each pair
contains up to 8 characters which specify the four options (Table 1). These
options describe various conditions which will be present over the entire
segment, The first option (an alphanumeric character followed by an integer)
is always used to specify what gas tension should be used for an update. The
next three options (pairs of alphnumeric characters) are used to modify the
profile computation procedure. These pairs of input lines (Profile Coordin-
ates, Options) are repeated until all segments of the dive profile have been
entered, In the first profile of Fig. 3, three pairs of lines (line numbers
S, 65 7, 8; 9, 10) are needed to describe the profile. The option line of
the last pair of lines wmust contain an "“FN” as one of the three options,
signifying that no further profile coordinates will be entered for this
particular profile (line 10, Fig. 3). The next line of input (line 11, Fig.
3) specifies whether or not a printout of the Model Profile Parameters by
Subroutine RCRD7 is desired ("YES™ or "NO”). Finally, the last line of input
for a given profile (line 12, Fig. 2) specifies whether or not another
profile will follow. If "YES™ is input then a new profile may be described
starting with the Profile Identifier. If "NO“ is input then the program
stops. Note that the formats for the numerical inputs in Fig. 3 are somewhat
arbitrary since all of these are read by the RTE IV-B Operating System in
free field format; that is no decimal point need be specified for real
numbers as long as the inputs are separated by commas. The only constraints
on input are that times and depths must be whole numbers and alphanumeric
inputs must be formatted as shown without intervening commas. Rates may be
less than 1.0 only for Program DMDB7 but must be entered as non—zero values
even if there is no depth change. The program will assign the proper sign to
the rate.

As mentioned earlier, each Time, Next Depth, Rate input line describes a
profile segment as shown in Fig. 2. However, the first Profile Coordinate
Line entered for any profile (e.g. the Sth input line in Fig. 3) is unique in
that the first value is the Initialization Depth rather than the Time at
Current Depth., The Decompression Model will be initialized at the Initiali-
zation Depth and the first depth in the dive profile matrix (D(1l) Fig. 2)




TABLE 1.

LEGAL OPTION INPUTS

First Option

First Character
P Specifies Oxygen Partial Pressure to be used for Model Update.

F Specifies Inert Gas Fraction to be used for Model Update.

Second Character

1,2,3, or 4 Specifies which Partial Pressure or Inter Gas Fraction is to
be used.

Second, Third and/or Fourth Option

ND Compute no-decompression time and subastitute its value for the
Time at Depth.

FN This is the last line of input for this profile.

DX Do not compute decompression stops for ascents, ascend directly

to the Next Depth without stopping.

X Time at Current Depth includes descent time. Subtract descent
time from previous depth from Time at Current Depth input.

LS Next Depth is the last depth before surfacing. Compute a stop
time at Next Depth which will allow ascent directly to the
surface,

NOTE: The second character of the First Option must be a number, If it is
not, an error will result., Option Inputs other than those above (or no
input) will result in options ND, FN, DX and LS not being executed.

The inert gas tension in use will remain as specified the last time a
legal gas tension was specified.




will be set to that depth. T(1l) will always be 0.0 and R(1) will be set to
the specified rate. The program will compute T(2) and enter the Next
Depth into D(2) and D(3) and set R(2) to 0.0. The pointer K will then be set
to 3 so it is in position for the next profile segment input.

Whenever an ascent is specified a check is made to see 1if decompression
stops are needed. If they are, the Decompression Model Subroutines will be
called on to compute the values for Time at Depth and Next Depth for each
subsequent profile segment until the Next Depth specified in che Profile
Coordinate Line is reached at which point input from the Profile Coordinate
Input File will again be accepted. However, by specifying "DX” as an option
this feature will be disabled over the segment specified by the preceeding
Profile Coordinate Input Line and ascent will proceed directly to the
specified Next Depth without any decompression stops. This option is usually
used to analyze profiles generated by other decompression models.

The Dive Profile Matrix in Programs DMDB7 and TBLP7 can hold a maximum of
100 points or 50 profile segments. Each descent will specify only ome
profile segment but each ascent may require several profile segments
depending on the aumber of decompression stops required. This must be kept
in mind so that the Dive Profile Matrix does not overflow during a final
ascent from some depth to the surface.

Legal options which may be specified in the Option Line have been given
in Table l. Options which specify gas tensions are only allowed as the First
Option and are put into effect before any model updates are performed on a
given profile segment. If one of the legal First Options as shown in Table 1
is oot specified, the gas tension specified the last time a legal First
Option was input will be used for model updates. The last three options do
not have to be specified if none of these options are needed, as they are all
disabled just before the Option Line is read.

As mentioned before, zero Time at Depth and zero Depth Changes are legal
and some of the uses of these inputs will now be discussed. A zero Time at
Depth 1is usually input if "ND" 4is specified as an option because entering
"ND” will cause the no-decompression time at the previously input DEPTH to be
computed and used in lieu of the time actually entered (line 9,10; Fig. 3).

Another use for a zero Time at Depth input is to change breathing gases
during ascent or descent. In the 5th profile of Fig. 3, a constant oxygen
partial pressure of 1.0 ATA is used to begin ascent to 20 FSW at 60 FPM after
spending 30 min at 150 FSW (line 49 and 50, Fig. 3). In line 51 che Time at
Depth input is “0" and the Depth input "20" but the option "F1"™ in line 52
causes a switch to be made from the First Oxygen Partial Pressure to the
First Inert Gas Fraction before beginning the model update for that profile
segment. In line 53, even though a Time at Depth of 0 min was specified, the
program will call on the Decompression Model Subroutines to see if a 20 FSW
stop 1is necessary before ascending to the next depth, and the appropriate
stop Cime will be computed.
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Similarly, a zero Depth Change can be used to specify a gas change at a
particular depth while gtopped at that depth, Notice the first two pairs of
Profile Coordinate/Option Lines in all of the profiles in Fig. 2 (lines 5, 6;
15, 16; 25, 26; 35, 36; 45, 46). The first line of each pair causes the "
profile to be initialized at O FSW using the First Inert Gas Fraction
specified in the following Option Line of each pair. After initialization
the depth remains at 0 FSW, that is no depth change is made. In each entry
following the above pairs of lines, a time of 0 min is specified followed by
DEPTH and RATE. This will cause a 0 =min stop at 0 FSW but will switch to the .
First Oxygen Partial Pressure (Pl) before beginning descent (lines 7, 8; 17, )
18; 27, 28; 37, 38; 47, 48 in Fig. 3).

The only way to terminate a profile is to specify “FN" as one of the
options after the 1last Profile Coordinate Input Line. At this point, the
decompression schedule computation is terminated after the specified depth in
the last Profile Coordinate Input Line is reached.

If the "LS" option is specified, then the profile will ascend to the
specified Next Depth taking any necessary decompression stops and a stop time
will be computed at Next Depth such that ascent can be made directly to the
surface from that depth. If the specified Next Depth is so deep that ascent
to the surface is not possible a stop time of 9999 minutes will be computed.
After stopping at Next Depth for the computed stop time, the program will
then proceed to the surface, update the model and stop. Specifying "LS" as
an option is useful in constructing decompression schedules such as are found
in the U.S. Navy Surface Supplied Helium Oxygen Tables where the last stop is
at 40 PSW after a switch to 100% oxygen has been made at 50 FSW. The fourth
profile in Fig. 3 specifies a total bottom time of 30 min at 150 FSW before
ascending to 20 FSW at 60 FPM (line 39, Fig. 3). In line 40, the "LS" option
is specified. Any decompression stops between 150 FSW and 20 FSW will be
computed automatically. Since the “LS" option was specified, a stop time
will be computed at 20 FSW such that ascent can be made directly to O FSW.
The appropriate stop will be taken, the model will be updated to 0 FSW and
decompression schedule computation will then be terminated because the "FN"
option was also specified in line 40.

The "TX" option is useful for specifying bottom times rather than actual
time at depth. If this option is not specified then the program will assume
that the TIME input from the Profile Coordinate Line represents the actual
number of minutes to be spent at the current depth. However, 1f the "TX"
option is specified, the program will interpret this time as Total Bottom
Time (sum of descent time and actual time at depth) and subtract the descent
time from the previous depth from the specified Time at Current Depth to get
the actual time at depth which 1is then passed to the Decompression Model.
All of the profiles described in Fig. 3 specify the "TX" option for descent
to 150 FSW (lines 20, 30, 40, 50) so that the actual time at 150 FSW will be
27.5 min (30 min bottom time minus 2.5 min descent time). If the "TX" option i
had not been specified, the times in lines 19, 29, 39 and 49 would have had '
to be 27.5 min instead of 30 min to describe the same profile.
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Program DMDB7

This program accepts input from a Profile Coordinate Input File and
outputs a detailed decompression profile. All cimes are computed to two
decimal places and the program can cause the model to output values of all
model variables at each stop so a detailed picture of exactly how the
decompression profile was computed is obtained.

Program DMDB7 is model independent and can be used with any decompression
model which can be written as the prescribed subroutines. All profile
coordinate data 1s passed to the subroutines in the Common Block MDATA. This
Common Statement describing the Common Block MDATA must appear in all
Decompression Model Subroutines and the subroutines should change the values
of the MDATA variables only after ensuring no undesirable side effects will
occur. Some subroutines (RDIN7, RCRD7, STIM7, FRSP7, and NLIM7) carry
variables with them which do not appear in MDATA.

Program DMDB7 contains 6 procedures; Program Initialization, Profile
Initialization, Profile Generation and Update Loop, First Stop Depth Computa-
tion, Stop Time Computation, and Profile Output. Program Initialization is
carried out only once each time the program is run. It reads the first two
lines of the Profile Coordinate Input File and has the Decompression Model
Subroutines get all the parameters which will be used to compute the
decompresion schedules. The same Model Input Parameter File, Depth Units and
Depth Increment will then be used for all profiles described by the Profile
Coordinate Input File.

The Profile Initialization Procedure is executed once for each profile
described in the Profile Coordinate Input File. It reads in the Profile
Identifier Label and the Gas Tensions which will be used for each particular
dive profile. Variables and counters specific to each profile are then
initialized.

The Profile Generation and Update Loop reads in the Profile Coordinate
and Option Line pairs describing each profile segment and instructs the
Decompression Model to update its parameters for the two subsegments which
comprise each segment. The First Stop Depth and Stop Time Procedures are
called from this loop to compute decompression stops each time an ascent is
specified. This loop also calls on a subroutine to record all the
coordinates which will then describe the decompression profile.

The First Stop Depth Computation Procedurs is used to find the depth of
the first stop every time an ascent is specified. It should be noted that
there will always be a stop at one stop depth increment below the surface
even if the stop time is zero as it will be in no-decompression dives. 1f
decompression stops are required during ascent, this procedure sets a flag
which causes input from the Profile Coordinate Input File to be temporarily
suspended and for the Profile Generation and Update Loop to cause ascent in
increments of one Stop Depth Increment calling upon the Stop Time Computation
Procedure to compute the time to be spent at each stop.




The Profile Output Procedure outputs the Decompression Profile on one
page of the line printer and then prints out the Decompression Model
Parameters on the next page if they are desired.

A complete listing of Program DMDB7 4is given in Appendix A-l, All
references to line numbers will refer to the line numbers in the first column
of the listing. Fortran statement numbers in the program will be referred to
as Statement Numbers,

Program Initialization Procedure
(Lines 150 - 191)

First the date and time are read from the RTE IV-B Operating System for
use in printout headers. Then the RTE IV-B Operating System establishes the
device number of the terminal being used to control the program. Next (line
165), the name of the Model Parameter Input File is read from Profile
Coordinate Input File device LB (which is in our case 1is a 9 track magnetic
tape) and printed out on the terminal, Then the desired Units and Depth
Increment are read in and written on the terminal. In lines 171 and 172 the
logical variable METRIC 1s set to “true” if all inputs are to be in meters
and “false” 1f all inputs are to be in feet. If metric input is expected the
correction factor CF is set to 1/.3048 which will convert all depth inputs
from meters to feet, otherwise CF is set to 1. Finally (line 186), a message
is printed on the terminal asking the user if he wants to have the model
parameters printed out. The rasponse to this gquestion is the wvalue of the
variable IPRT which is passed to Subroutine RDIN7. The other variabies
»qgsed to this subroutine are the device number of the terminal being used
{LU), the device number of the line printer (LP), the name of the Model
Parameter Input Filename (MPIF), and the value of the logical variable
METRIC. Subroutine RDIN7 also uses the value of the Depth Increment (DINC)
and the correction factor (CF) but these are passed to the subroutine in the
Common Block MDATA. Subroutine RDIN7 returns the names of the breathing
gas(es) contained in the Model Parameter Input File in the array IGAS.

Profile Initialization Procedure 1
(Lines 204 - 228) |

The Profile Identifier is read from the Profile Coordinate Input File
then the inert gas fractions and tensions are read. One to eight values may
be input here but gas fractions must be the first, third, fi1fth, and seventh
values and oxygen partial pressures in ATA the second, fourth, sixth and
eighth., The logical variables which determine if a first stop 1is to be
calculated (CFSTOP) or if stop times need to be calculated (CSTIME) are
initially set to "false”". The model parameter counter used by Subroutine
RCRD7 (CNTR) and the profile matrices pointer (K) are both set to 1.
Finally, the depth at which the Model will be initialized, the next desired
depth and the rate are read into CDEPTH, DEPTH and RATE respectively. TIME
is set at 0.0 signifying that after initilization at CDEPTH no time 1is spent
there before proceeding to DEPTH. After this line of input is read control
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is transferred past the subs. juent profile coordinate input statement to
Statement 211 (line 250). It should be noted that the Program Initialization
Procedure is performed only once for a given Profile Coordinate Input File.
Each additional dive profile will cause the program to reenter at Statement
200 (line 207), the start of the Profile Initialization Procedure.

Profile Generation and Update Loop
(Lines 243 - 365)

This is the meat of Program DMDB7. Statement 210 reads in the time to be
spent at the current depth (TIME), the next depth in the profile (DEPTH) and
the rate of the depth change (RATE). Note that the coordinates for the start
of the profile were input in the Profile Initialization Procedure so
Statement 210 is skipped the first time the Profile Generation and Update
Loop is entered. All subsequent profile coordinate inputs from the Profile
Coordinate Input File are read in by Statement 210, Also, note that the
current depth (CDEPTH) was initially set by the Profile Initialization
Procedure and will not be updated until the end of the Profile Generation and
Update Loop. Next (line 250), the rate is given the proper sign and the four
options are read into array OPTN (line 255). Notice the number specified as
the second character 1in the Gas Tension Option 1is read into the integer
variable NGAS. The five 1logical variables whose value is specified by the
five legal second through fourth options are initially set to "false”. Next
(line 265), if the first character of the first option was not a "F" or a "P"
(the only two legal inputs) all option decoding will be skipped. In lines
269 and 270 the logical variable CP02 will be set to “true” if a constant
oxygen partial pressure was specified and to "false” if a constant inert gas
fraction was specified. The proper values are then assigned to FNg and POy
from the array GASTSN depending on the value of CPO2 and NGAS (line 271,
272). The remaining three options are now decoded and the appropriate
logical variables set to "true” for specified options (line 276 -282). The
DO Loop configuration allows these three optons to occur in any sequence in
the option line.

When the Profile Generation and Update Loop is entered for the first time
from the Profile Initialization Procedure, the counter K is equal ¢to "1"
signifying the beginning of the profile. In this case the Decompression
Model Subroutine INIT7 1is called at 1line 286 and the Decompression Model is
initialized at CDEPTH (which is usually 0) using the oxygen tension specified
in the option line. Next at line 293 the variable CFSTOP is set to "true"” if
an ascent 13 to take place (and the automatic decompression feature has not
been overridden by specifying the “DX” option). By setting CFSTOP to “true”
a first stop depth will be calculated later on to see if decompression stops
during the ascent will be necessary. If the "TX” option was specified, then
BTMTIM was set to “true” in line 278 and the previous time increment is
subtracted from TIME in line 298. The value of TIME will never be allowed to
be less than 0.0 as it could be if the bottom time were inadvertently
specified as a value less than the descent time. Normally the value of TIME
is the actual amount of time to be spent at the current depth before
proceeding to the next depth., By specifying the "TX" option, one is saying
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that the value of TIME includes the descent time from the previous depth and
this descent time must be subtracted from TIME so the actual time at depth
can be used to update the Model. In cases where 3 no~decompression dive is
to be done, TIME is usually entered as “0" and the "ND" option 1is specified
causing NODLIM to be set to "true” 1in line 279. When NODLIM 1is “true”,
subroutine NLIM7 is called to compute the no-decompression time at the
current depth and this value is assigned to the variable TIME (1line 302).

In lines 307 through 321 the profile coordinate values for the current
depth, time, rate, gas tension, and the appropriate gas tension label are
assigned to the D, T, R, GAS and GASLBL profile coordinate arrays, the Model
Parameters are updated for the first subszgment by Subroutine UPDT7 and then
recorded by Subroutine RCRD7 for future output. The pointer to the current
position in the profile coordinate arrays is K and it points to the pogition
in the profile segment as shown in Fig 2. Each time the Profile Generation-
and Update Loop is executed, two array entries are made, one at position K
and the other at position K+l. The five entries at positiomn K are made first
(lines 307 =313) then the variables RATE, DC and TC are assigned the values
needed to update the Model over the first subsegment (lines 317-319). The
RATE and depth change (DC) are always O because no depth change occurs in the
first subsegment, the depth entry at position X and K-1 both being the
current depth CDEPTH. Thus, when the Model Update Subroutine UPDT7 is called
it updates the Model for a stop of TIME minutes at the current depth CDEPTH.
After the Model is updated Subroutine RCRD7 1s called to record the Model
Parameters for later printout (line 321). The first argument in RCRD7 {s the
mode, a "0” signifies recording a “1" signifies a printout. The next
argument in Subroutine RCRD7 {is the counter (CNTR) to keep track of how many
records have been recorded., The subroutine automatically increments CNTR by
"1” each time it is called so CNTR need not be incremented in the main
program. Once initialized to "1” Program DMDB7 no longer changes the value
of CNTR. Finally the device number of the line printer (LP) is passed to the
subroutine and 1is used if a printout is desired.

In line 329 value of RATE 1is updated for the second profile subsegment.
In this subsegment, a depth change DC occurs (which may be "0") and the rate
of travel between them is given by RATE. If CFSTOP is "true”™ (which occurs
for all ascents) then the program branches to the First Stop Depth
Computation Procedure.

First Stop Depth Computation Procedure
(Lines 383 ~ 406)

Subroutine FRSP7 returns the depth of the first stop (DFS). If the depth
of the first stop is shallower than the next depth no stops are needed and
ascent can be made directly to the next depth. However, if the next depth is
0" a First Stop Depth of DINC will always be specified. If stops are
required, the value of the next depth currently stored in DEPTH is
temporarily stored in FDEPTH and DEPTH is assigned the value of DFS or DINC,
whichever 1s greater (line 398) . The logical variable CSTIME is set to
“true” so stop times will be computed after the first stop depth 18 reached.
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Whether a stop is needed or not CFSTOP is set to "false” so the First Stop
Procedure will not be executed again unless there {s another ascent input
from the Profile Coordinate Input File,

Profile Generation and Update Loop (Continued)
(Lines 334 - 364)

Having established what the next depth 1is to be, the depth change (DC)
and the time change (TC) to the next depth are calculated (lines 334, 335).
Subroutine UPDT7 updates the Model over the second subsegment and Subroutine
RCRD7 records the parameters. Next the depth, time increment, rate, gas
tension, and gas tension label are recorded in the K+1 position of the
profile arrays (lines 341-345)., Note that the rate recorded here is "0~
because the first half of the next subsegment will have no depth change.
Finally, the current depth (CDEPTH) is updated to DEPTH and the counter (K)
incremented by "2" to get the pointer in position for the next profile
subsegment. At this point (line 358), control is transferred to one of two
places. If stop times are needed (CSTIME or LSTOP “true”), then control is
transferred to the Stop Time Computation Procedure. This procedure computes
the time which has to be spent at the current depth before being able to
ascend a maximum of omne depth increment shallower. All previously specified
options for gas tensions remain in effect while stop times are being
computed. The Stop Time Computation Procedure continues to be called to
compute stop times and decrement the depth until the next depth (FDEPTH) {is
reached. At this point control will be transferred back to Statement 210
(line 246) and the next set of profile coordinates accepted. If no stop
times are needed, then control is passed directly back to Statement 210 if
DONE is "false”, If it 4is "true” then the last set of profile coordinates
as been entered and control 1is transferred to the Profile Output Procedure
peginning at Statement 500 (line 484).

Stop Time Computation Procedure
(Lines 428 ~ 468)

In line 431 a2 check is made to see if the current depth is within one
depth increment of the final depth., If it is not then the DEPTH is set equal
to one depth increment (DINC) less than the current depth (CDEPTH) and the
stop time at the current depth necessary to allow ascent from CDEPTH to DEPTH
is calculated. Control is then transferred back to Statement 220 (line 307)
at line 440, The Subroutine STIM7 has two arguments, TIME returns the stop
time and the second argument is the depth to which ascent is desired after a
stop of TIME minutes at the current depth. If the current depth is within
one depth increment of the final depth, control is passed to Statement 410
(line 444). 1f CSTIME is "true” it means that the final depth (FDEPTH) has
not yet been reached. This is necessitated by the fact that control is
passed to the Stop Time Computation Procedure at line 358 if either CSTIME or
LSTOP is true. Initially, both variables may be true since the "LS" option
vhich sets LSTOP "true"” must occur during an ascent which will always set
CSTIME to “true”., When control is transferred to Statement 410 for the first
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time, CSTIME has to be "true”™ because it is only set to "false” at 1line 466
which can be gotten ¢to only via Statement 410. So the first time control
passes to Statement 410 it will transfer control to Statement 420 (line 461)
where the stop time before ascending to the final depth (FDEPTH) is computed.
CSTIME is set to "false" before returning to Statement 220. Once CSTIME has
been set to “false™ at line 466, the only condition at line 358 which will
cause control to be again transferred to the Stop Time Computation Procedure
is if LSTOP is "true”. If it 1is, then control is passed from Statement 400
to Statement 410 and down to line 452 because CSTIME was set to “false” on
the previous pass through the procedure. FDEPTH is set to “0.0" at line 452
because one wants to ascend directly to "0.0" after staying at CDEPTH for the
appropriate time. The stop time i3 computed and CSTIME is set to "true™ once
more so stop times at each stop depth increment during ascent from CDEPTH to
the surface will be recorded. The stop times at these depths should be “0.0"
and the real purpose of having each stop time computed is to cause the model
parameters to be recorded at each stop depth increment ags ascent to the
surface occurs., LSTOP is set to "false” in line 456 so once the surface 1is
reached, no further stop times will be computed and coatrol will be
transferred back to Statement 220 (line 307).

Once LSTOP and CSTIME are both "false”, the program remains in the
Profile Generation and Update Loop until DONE is set to "true"., As will be
recalled, this occurs only after "FN” has been specified as an option. If
DONE is “true”, control passes to the Profile Output Procedure which begins
at Statement 500 (line 484).

Profile OQutput Procedure
(Line 481 - 537)

Once the current profile input has been finigshed, the zero times (ZT) of
each profile subsegment are computed by serially summing time increments (T)
(lines 484-486). Then the Profile Coordinate Input File is read to see if a
model parameter output in addition to the profile output is desired (line
490). A header 1is written out on the first page of output (line 494-503)
followed by the dive profile zero time (2ZT), elapsed time (T), depth (D),
rate (R), gas tension (GAS), and gas tension label (GASLBL) arrays (line 507,
508). Note that the last recorded entry is at the K-l position in thesge
arrays. If a model parameter printout is desired, a header is written on a
second page (line 516-524) and Subroutine RCRD7 is called with the mode set
to "1", signifying that a printout is desired (line 528). |Lastly, the
Profile Coordinate Input File is read again to see if another profile follows
(1ine 533). If MORE is not "YE(S)", the program stops; 1f it is then control
goes back to the Profile Initialization Procedure beginning at Statement 200
(dne 207).

Profile Qutput from Program DMDB7

Figures 4 and 5 show the 5 Profile Printouts generated by the Profile
Coordinate Input File in Fig. 3. It must be emphasized that the decompres-
sion profiles shown here are examples only and do not necessarily
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PROFILE 1 i

t:14 PM TUE.. S JaN., 1982 !
PROGRAM DMLB? USING 10 FSW STOPS

HVAL 09¢ HEL TUM > ’
|
‘ 150/ND J
f ZEPC TIME ELAPSEC TINE DEPTH  RATE GAS ?
0.90 0.00 0 60 79.00 %
0.00 0.00 0 0 79.00 %
0.00 0.00 0 60 1.00 ATA ‘
2.50 2.50 150 0 1.00 ATA
14. 05 11.55% 150 -60 1.00 ATA
16.39 2.33 10 0 1.00 ATA
16.39 0.00 10 -60 1.00 ATA
16.55 A7 0 6 1.00 ATA ,
PROFILE 2

1:14 PM TUE., S JAN., 1382
PROGRAM DMDBY USING t0 FSW STOPS

HVAL 0SS HEL TUM b
150,30
ZERQ TIME ELAPSED TIME DEPTH  RATE GAS
0.00 0.00 0 60 73.00 ¥
0.00 0.00 0 0 79.00 %
0.00 8.00 0 60 1.00 ATA
2.9%0 2.50 150 0 1.00 ATA i
30.00 27 .30 130 -60 1.00 ATA
32.00 2.00 30 0 1.00 ATA
35,06 3.06 30 -60 1.00 ATA
35.22 A7 20 0 1.00 ATA
i 41.4% 6.23 20 -60 1.00 ATA
g 41.62 17?7 10 0 1.00 ATA
i $2.92 11.30 10 -60 1.60 ATA |
i $3.08 W17 ) [} 1.00 aTA |

PROFILE 3 ?

ti14 PM TUE., S JaAN., 1982
PROGRAM OMDB? USING 10 FSW STOPS

HYAL 09<¢HEL {UM b '
150/30
‘ ZERO TIME ELAPSED TINE DEPTH RATE  GAS }
0.00 0.00 0 60 79.00 % !
0.00 0.00 0 0 79.00 X ,
0.00 0.00 0 60  1.00 ATA
2.50 2.30 1850 0 1.00 ATA
30.00 27.50 150 -60  1.00 ATA
32.30 2.50 0 0 1.00 ATA

FIGURE 4. PROFILE QUTPUTS AS PRINTED 8Y PROGRAM DMDB7 FOR THE FIRST :
THREE PROFILES IN THE FILE SHOWN IN FIGURE 3. ;
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1:14 PN TUE-‘

PROGRAM DMDB7 USING 10 FSW 3TOPS

HVAL 09CHEL TUM b
150/30
2ERO TIME “ ELAPSED TIME DEPTH
0.00 6.00 0
0.00 6.00 0
0.00 .00 0
2.50 2.30 150
30.00 27.%590 150
32.400 - 2.00 30
35.06 3.06 30
35.22 A7 20
$2.79 17.53 20
82.92 A7 10
S2.92 .00 10
33.08 17 0
PROFILES
1:14 PM TUE., S JaN., 1382
PROGRAM DMDB? USING 10 FSWU STOPS
HYALO3(HEL IUM 3
1350/30
2ERO TIME ELAPSED TIME DEPTH
0.90 .00 0
0.00 0.00 0
0.00 0.00 ¢
2.50 2.50 150
30.00 27.%0 156
32.00 <. 00 30
38.06 3.06 30
35.22 A7 20
35.22 0.00 20
3%5.22 0.00 20
37.22 2.900 20
37.22 0.00 20
$7.80 20.38 20
$7.97 A7 10
113.38 S5.138 10
113.32 A7 0

FIGURE 5. PROFILE OUTPUTS AS PRINTED BY PROGRAM DMDB7 FOR THE
LAST TWO PROFILES IN THE FILE SHOWN IN FIGURE 3.

PROFILE 4

S JaN., 1982
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RATE

60
0
60
0
-60
0
-60
0
-60
0
-60
0

RATE

60
0
64
0
-60
0
-60
¢
60
0
-60
0
-60
0
~-60
0

GAS
79.00
79.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

GAs
79.00
79.00

1.00
1.00
1.00
1.00
1.00
1.00
79.00
73.00
79.00
79.00
79.00
79,00
79.00
?79.00

NN

ATA

ATA
ATA
RTA
ATA
ATA
ATA
ATA
ATA

ATA
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represent tested profiles. The headers printed out with each profile show
the date and time chat Program DMDB7 was run followed by a line with the
program name and depth increments and units. Note ‘that in these particular
profiles the units for all depth increments are FSW (feet of seawater). 1f
the profiles were in metric format then MSW (meters of seawater) would have |
appeared arter the depth increment. The next line of the header gives the
name of the Model Parameter Input File (MPIF) which in this case was
specified as HVALO9 in line 1 of the Profile Coordinate Input Fiie in Fig. 3.
Next to the MPIF name in parenthesis 1s the inert gas description from the
MPIF. This description 1is used for labeling purposes only. In these
examples the inert gas label is always HELIUM. Other examples of inert gas
labels might be AIR, NITROGEN, 50/50 HE-N;, etc. Finally, a profile
identifier is printed out before the actual profile. Like the inert gas name
the profile identifier is for labeling purposes only and is not used for any
computations. The profile itself gives the cumulative or Zero Time of the
profile and the Elapsed Time at each depth or for each depth change. The
positive rates are unsigned and signify descents and the negative rates
ascents. The last column shows whether an inert gas fraction (%) or oxygen
constant partial pressure (ATA) was used by the model for updating the
segment and what value was used.

The first profile 1is a simple no-decompression dive to 150 FSW. The
profile was initialized on 792 inert gas (air in this case) and the rest of
the dive was done using a constant 1.0 ATA PO; in helium. (The model used
here always initializes assuming nitrogen is the inert gas, helium being
assumed for the remainder of the dive). The first two entries at O FSW are
the result of the initialization then a third 0.0 min entry at 0 FSW is made
when the switch to 1.0 ATA POy is made. Descent to 150 FSW takes 2.5 min and
11.53 min has been computed as the maximum time which can be spent at 150 FSW
without requiring decompression stops. Ascent to the surface takes 2.5
minutes. Notice that a 0.0 min stop at 10 FSW was computed. As uwmentioned
earlier all decompression profiles will always have at least a 10 FSW scop so
the model parameters will be recorded at least once before the surface is
reached.

The second profile is initialized exactly the same way as the first but
27.5 min is spent at 150 FSW. Notice in Fig. 3 line 19 that 30 min was
specified as the time at 150 FSW before ascending to O FSW at 60 FPM.
However, since the "TX"™ option was specified in line 20 the 2.5 min descent
time was subtracted by the program from the 30 min Bottom Time resulting in
27.5 min being spent at 150 FSW. Also, in line 20 of Fig. 3, the “FN” option
was specified indicating that this was the last line of this dive profile. {
The program computed the stop depths and times at 30, 20 and 10 FSW before
going on to the next profile. The firsc stop is at 30 FSW and it takes 2 min
to get there. A 3.06 min. stop is taken before ascending to 20 FSW which
takes .17 min. The last profile entry is a .17 min ascent from 10 FSW to the
surface after an 11.30 min stop.

The third profile illustrates the use of the "DX" option. Note from Fig.
3 that the profile description is identical to that of the second profile
except for the inclusion of the "DX” option in line 30. This option
overrides the automatic decompression feature and ascent is made directly to
the surface. The usefulness of the "DX" option is not obvious from the
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profile printout but is better appreciated by looking at the Model Profile
Parameter Printout which will be described later in this report. It is
usually used in anlayzing profiles produced by other models where all stops
are explicitly specified and where anlaysis of these profiles using the
current model is desired.

The fourth profile (Fig. 5) is similar to the second profile except the
“LS" option is used to take the last stop at 20 FSW., After stopping at 20
FSW a direct ascent to the surface is made. However, a 0.0 min 10 FSW stop
is still computed so that the Decompression Model Parameters will be computed
and recorded every stop depth increment until the surface is reached. In
this case there is no advantage to taking the last stop at 20 FSW since the
total decompression time is the same as in the second profile.

In the fifth profile, a switch from a 1.0 ATA constant POs to a 792 inert
gas fraction is made at 20 FSW. Line 49 in the input file in Pig. 3
generates the profile up to Zero Time 35.22 min. Line 51 in Fig., 3 takes a 0
min stop at 20 FSW and switches to an inert gas fraction of 79Z. In the
Profile Output, two more entries are made at 20 FSW. Both are for O min so
two additional entries at a zero time of 35.22 min are made. The only thing
that has happened during this 0.0 min stop 1is that the gas switch was made.
Line 53 4in Fig. 3 specified a 2 min stop before ascending to the surface at
60 FPM. The 2 min stop causes two additional entries to be made at 20 FSW,
both at 37.22 min. The first {s the 2 min stop and the second a 0 FSW depth
change, The reason there was no depth change 1s that the Model determined
that additional time had to be spent at 20 FSW before ascending. The Model
computed a 20.58 min additional stop time at 20 FSW then a 55.38 min stop at
10 F5W before ascending to the surface. Since "FN" was specified in line 54
of Pig. 3, the profile is done. Line 56 of Fig. 3 is "NO" signifying that no
further profiles follow.

All profiles in PFig. 3 specified printouts of the Model Profile
Parameters, These will be discussed later when the Decompression Model is
presented. Also note that the "TX" option was used in a.l profiles so that
the descent time to 150 FSW was subtracted from the specified time at 150
FSW. This option allows one to enter times as U,S. Navy Bottom Times which
are defined as descent time plus actual time at depth.

In all of the above examples only "square dive" profiles were shown, that
is, descent to some depth for a specified time with ascent to the surface.
Fig. 6 shows the Profile Coordinate Input File and Profile Output for a
complicated multiple depth dive showing how multiple depth dives are
handled.

Program TBLP7

This program is basically the same as Program DMDB7 with the exception of
some constraints on the Profile Coordinate Input File, a different output
format, and rounding off of all bottom and stop times to whole numbers. A
couplete 1listing of Program TBLP7 is found in Appendix A-2 and only the
differsnces between Program TBLP7 and DMDB7 will be discussed.
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PROFILE COORDINATE

INPUT FiLE

0001
0092
00903
0004
0003
0006
0007
0008
0009
6o0to0
0011
0012
0013
0014
0013
0016
0017
0ot3
0019
0020
oozt
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034

HVAL 09
1,10
13030
79.,1.0
0,0,60
Ft
0,130,60
Pt
30,60,60
P1TX
60,990,680
Pt
30,120,560
P
40,30,60
Pt
20,350,600

120,0,60
Ft '
0,200,60
Pt
60,30,30
P1

120,156,30

Pt
60,30,60
Pt
1290,0,30
PIFN

YES

NO

FIGURE 6. MULTIPLE DEPTH DIVE PROFILE COORDINATE INPUT FILE

AND PROFILE OUTPUT. SEVENTY NINE PERCENT INERT GAS
BREATHED DURING ALL INTERVALS AT 0 FSW.

BOTH 60 FSW/MIN AND 30 FSW/MIN RATES USED.

PROFILE OUTPUT

1:21 PM TUE., S JaAN., 1982
PROGRAM DMDBT USING 10 FSW STOPS

HVAL 09CHEL 1UM b)
150/30

ZERO TINME ELAPSED TIME DEPTH RATE GAS
0.00 0.00 0 60 79.00
0.00 0.00 0 0 79.00
0.00 0.00 0 60 t.00
2.50 2.%0 159 ¢ 1,00
30.00 27.30 1S0 -60 t,00
31.56 1.50 60 0 .00
91.30 60.00 64 60 1.00
92.00 .50 90 0 1.00
122.00 30.00 90 60 1.00
122.56 .50 120 0 1.00
162.50 40.00 12¢ -60 1.00
164.00 1.80 30 0 1.00
184.00 20.00 30 60 1.00
184.33 .33 So 0 1.00
214.33 30.00 So -60 1.00
214,83 .30 26 0 1.00
228.37 10.83 20 -60 t.00
225.33 17 10 0 1.006
294 .16 68.62 10 -60 1.00
294,32 N 0 0 1.00
414,32 120.00 0 60 79.00
414.32 0.00 0 0 79.00
414,32 0.00 Y 60 1.00
417 .66 3.33 208 e 1.00
477 .66 60.08 200 -36 1.00
491 .66 4.00 80 0 1.00
492 .24 10.98 80 -30 1.00
492 .37 .33 70 0 1,00
S503.71 11.13 70 -30 1.00
S04.04 .33 60 0 1.00
S15.17 11.13 60 =30 1.00
S15.50 33 S0 0 1.00
633.50 120.00 S0 30 1.00
638.84 3.33 1560 0 1.00
698.84 60.00 150 -60 1.00
700.50 1.67 SO 0 1.00
708.00 7.30 S0 -60 1.00
708.17 17 40 0 1.00
749.7% 41.58 40 -60 1.00
749.92 A7 30 0 1.00
869.92 120.00 30 -30 1.00
870,29 ' 33 20 ] 1.00
908.11 ‘37.86 20 =30 1.00
908.4% .33 10 0 1,00
1038.24 129.79 10 -30 1.00
1038.57 .33 0 0 1.00

4

ATA
ATa
RTA
ATaA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
AT
AT
ATA
ATA

0 ATA

i
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATAR
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATA
ATa
ATR
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First the input file constraints will be discussed. All Profile
Coordinate Input Files compatible with Program TBLP7 will work with Program
DMDB7 but the reverse is not true. As with Program DMDB7, all rates
specified in the input file must be non-zero numbers but they must all be
whole numbers greater than 1. However, in Program TBLP7, the very first rate
on the very first profile coordinate input line of the file will be wused for
all subsequent profiles. Also, the first gas tensions input for the first
profile will remain in effect for all subsequent profiles. Each profile
description for Program TBLP7 must be as shown in Fig. 7. Tissue gas
tensions are initialized at the surface and changed just before descent
begins. If no gas switch is desired, then one specifies the same inert gas
option for both option lines. 1f this convention is not followed, then the
bottom times and stop times will not appear in their proper spot in the
printout. Also note that the "TX" option must always be used for decompres-
sion dives and that the time specified in the seventh line of each profile
must not only be a whole number but must also include descent time. Profiles
used with Program TBLP7 must be “bounce dives™, that is, descent 1is made
directly to some depth, time is spent at that depth, and then decompression
to the surface occurs. Program TBLP7 will accept only “bounce dive™ profiles
and only one descent and ascent are allowed. Once ascent is begun, it may be
stopped to switch breathing gases but no descents must occur; only continued
ascents to the surface with intervening stops. The "LS™ option allows the
last stop to be taken at any desired depth; however, it is up to the user to
ensure that in fact a sufficient stop can be taken at the specified depth to
allow ascent to the surface. If the last stop depth specified {s too deep, a
stop time of 9999 min will be returned.

vogram TBLP7 expects all profiles in the input file to be described in
exactly the same way. The only differences allowed between profiles are the
bottom times and depths.

The way in which Program TBLP7 rounds off times depends on what the time
is. First of all, all depths and times specified in the Profile Coordinate
Input File must be whole numbers. When a no-decompression time is computed
the program adds the descent time, truncates the result, and subtracts the
descent time. Thus, all no-decompression times are rounded down to the
nearest decimal oumber which when added to the descent time will give a whole
number. When the program computes a stop time it adds 0.9 min to the value
and truncates the result. However, no aatter how small the stop time the
minimum stop time will be 1 min. It should be noted that all roundoffs occur
before any model updates are done so that the actual rounded off stop times
are used to update the model during asceat. In certain cases, when a deeper
stop has been rounded up, the additional decompression will allow the next
shallower stop to be a minute shorter.

As Program TBLP7 computes each decompression schedule the depths and
times are stored in an array. After the decompression schedule computation
has been completed the schedule is not immediately printed but is recorded in
an output buffer which can hold up to one page of schedules. Only when
enough schedules have been recorded to fill the buffer are the schedules
printed in table format, a page at a time.
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FIGURE 7.

used with Program TBLP7.
this format.

T e a.fmm;:mspiaﬁ i e

TBLP7 Profile Coordinates

Profile Identifier
Gas Tensions

0, O, Rate

Options

0, Depth 1, Rate
Options

Time, Depth 2, Rate

Options (TX)

TIME, Depth N, Rate
Options (FN)

Yes

Yes ("No” if last profile)

Profile description format for the Profile Coordinate Input File
Each profile description must coaply with
Depth 1 is the bottom depth and Time is the Bottom
Depth 2 must be less than Depth 1 and all subsequent depth
entries must be equal to or less than the preceding depth entry.
The TX Option must always be specified in the eighth line of each
profile description.




Program TBLP7 does not coantain the Subroutine RCRD7 so Model Profile
Parameters are not recorded. If this 1information {s desired, Program DMDB7
should be used.

Program Initialization Procedure
(Lines 193 - 245)

This is the same as in Program DMDB7 with three additional functions
being performed 1in line 237-244, The array DSTOPS 1s filled with the
permissible stop depths which are a function of the maximum number of stops
(NSTOP) and the stop depth increment DINC (line 225-227). The maximum aumber
of stops is dictated by FORMAT Statements 50-64 (lines 172-186). It must be
remembered that {f the value of NSTOP is changed, then FORMAT Statements 43
and 50-64 may have to be modified accordingly. The maximum bottom time
(BTMAX) and maximum total dive time .(TDTMAX) are set to their desired values
ian lines 243 and 244 which will restrict the schedules which will eventually
be printed depending om bottom time and total dive time values.

Profile Initialization Procedure
(Lines 258 - 289)

In Program TBLP7, the inert gas tensions and rate are read in for the
first profile only and these values used for all subsequent profile l
coordinare inputs in the Profile Coordinate Input File. The first RATE is f
integerized by assigning it to IRATE (line 286) so fractional rates are not
allowed.

Profile Generation and Update Loop
(Lines 304 - 436)

Statement 210 does not read a rate as it does in Program DMDB7 but RATE
i3 always set to the value of IRATE, which was specified by the first
profile. Lines 374-377 specify how no~decompression limits are computed.
Since all bottom times must be whole minutes, the actual time at depth must
be adjusted so that when it is added to the descent time later in the Profile E
Recording Procedure a whole number results. Subroutine NLIM7 returns the ]
exact no-decomprassion bottom time which may be 0.0 min. First the
no~decompression time is adjusted in line 361 so the Bottom Time will not
exceed the maximum value specified in line 233, In line 377 a time at depth
is computed which vhen added to the descent time will be a whole number.
This is no problem as long as when TIME is added to the descent time (T(K-1))
on the right hand side of the equal sign the result is greater than if T(K-1)
was rounded up to the next minute. If it is not then a negtive value will
result vhen T(K-1) 4s subtracted from the truncated value of T(K-l). To
prevent this the sinimum tise added to T(K-1l) is .99 min. This ensures that




the Total Bottom Time will never be less than the descent time. Since the
value of TIME computed in line 377 is input into the profile generation
procedure, if it will require decompression stops they will be computed.
Thus, some dives may have no no~decompression 1limit, decompression stops
being required even if ascent is begun immediately after descent.

The legal options for Program TBLP7 are the same as those for Program
DMDB7 to retain compatibiltiy. However, the "DX" is meaningless when used
with Program TBLP7 and the “TX" option must always be used in the eighth line
of each profile (Fig. 7).

Statement 219 (line 383) adds 0.001 min to TIME to prevent any roundoff
error from causing the integerized time values in the output procedure tu be
truncated to the anext lower minute. The Subroutine RCRD7 is not used and gas
tensions and gas tension labels are not recorded as they are in Program DMDB7
because they are not needed on output.

First Stop Depth Computation Procedure
(Lines 454 - 477)

This is identical to that used in Program DMDB7.

Stop Time Computation Procedure
(Lines 499 -~ 545)

This is the same as that used in Program DMDB7 except that all exits back
to Statement 220 are via Statement 440 (line 540) so the stop times will be
rounded up to the next 0.9 min. This means that stop times are rounded down
only if they exceed a whole minute by less than 6 seconds. However, non—~zero
stop times are never rounded down to less than 1 minute (line 540).

Profile Recording Procedure
(Lines 563 - 681)

This procedure has no counterpart in Program DMDR7. After each decom~
pression schedule is computed it is stored in array IPRO for later princout.
Each time IPRO fills up a page of schedules is printed before any further
schedules are computed. IPRO can hold 26 schedules but only 25 schedules are
printed per page. This allows the 26th schedule to be computed and stored
before the other 25 schedules are printed., After printout, the schedule in
the 26th position 1s moved to the first position in IPRO and schedule
computation and recording continues. The structure of IPRO is shown in Fig.
8.

The procedure begins by ensuring in line 568 that the first atop depth
contained in D(6) is not greater than the maximum value allowed by the outpt
format (which 1s currently 15 stop depth increments). If it is, recording ..
skipped. Next the counter K is decremented by one so it points to the last
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OUTPUT ARRAY
ELEMENT

IPRO (1, N)

(2, N)
(3, M)
(4, N)
(5, M)

(6, N)
(7, N)
(20, N)
(21, N)
(22, N)
(23, M

(24, N)

FIGURE 8. Output
ule.

Bach schedule

PARAMETER NAME

Depth

Bottom Time

Time to First Stop (min.)

Time to First Stop (10's sec.)
Time to First Stop (1's sec.)

150 FSW Stop Time (min.)

140 FSW Stop Time (min.)

10 FSW Stop Time (min.)

Total Ascent Time (min.)
Total Ascent Time (10's sec.)

Total Ascent Time (1l's sec.)

Total Number of Stops

DECOMPRESSION PROFILE
ARRAY ELEMENTS

D(5)

Z1(5)

} T(6)

T(K=-29)
T(K-27)

T(K-1)

} ZT(K)-2T(5)

Profile Array structure for the Nth decompression sched-

may only have 24 elements in IPRO which

restrict schedules to those having the first stop at 15 stop depth
increments or shallower.
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entry in the profile arrays. Then the Zero Time 1is computed by serially
summing the time increments in array T (line 573-575). At line 586 the total
dive time, ZI(K), is compared to the maximum value (TDTMAX) which was
specified i{n line 244, As long as TDTMAX is not exceeded, control goes to
Statement 513 (line 585) where the logical variable NORCRD is set to “"false”
and recording proceeds. When TDTMAX is exceeded for the first time, NORCRD
will be “false™ and countrol will drop through to line 583 where it will now
be set to “true”. Control then goes to Statement 515 where recording
proceeds normally for this profile. However, if the Total Dive Time is still
greater than the maximum value the next time through line 583 will transfer
control to Statement 560 (line 668) thus skipping the recording procedure.
The overall effect of this i{s that the first profile with a Total Dive Time
which exceeds the maximum is recorded but subsequent profiles will not be
until the Total Dive Time decreases to less than the maximum.

The four statements beginning at Statement 515 (line 590) check for other
conditions which will determine whether or not a schedule will be recorded.
The first schedule computed by the program (NPRO = 0) is always recorded.
Also, if the maximum depth of the dive has changed from that of the previous
profile the schedule is always recorded. In line 597 1f the bottom time of a
profile is less than that of a previous profile the decompression schedule is
not recorded. The overall effect of lines 596 and 597 is that schedules with
the same bottom depth are printed with progressively increasing bottom times.
In line 598, if the schedule requires decompression stops it 1s always
recorded. At this point, all schedules which reach 1line 603 are for
no~decompression dives, Since the no—decompression time for a given depth
may not be known in advance it 1is possible to have several schedules with
progressively increasing bottom times which are all no-decompression dives.
Since only the longest no-decompression time is of interest, these schedules
are recorded without incrementing NPRO by skipping Statement 535 until the
first schedule requiring decompression stops is encountered. Thus, no-
decompression profiles overwrite the previously recorded one until the first
decompression schedule requiring stops is encountered. All other recorded
schedules increment NPRO at Statement 520 8o they are recorded in the next
available position in IPRO.

Lines 612 through 617 compute the Totsal Ascent Time (ASTIM), round it off
to the nearest second, then records the whole minutes, tens of seconds and
seconds units in the three separate elements in IPRO. Next, the Time to the
First Stop (TFS) is rounded off and scored in the same manner as the ascent
time (lines 622-628). Line 623 checks for no-decompression dives (depth of
first stops, D(6) = DINC; stop time, T(7) = 0) and sets the Time to the First
Stop and Total Ascent Time equal., Storing ASTIM and TFS in the manner
described above makes for a nicer primtout. Next, the dive depth and bottom
time are recorded in lines 632-633.

Lines 638 through 661 contain the instructions for recording stop times
in the proper elements of IPRO., IJ is computed in line 638 and will point to
the element in IPRO which will contain the first stop depth. In line 642 the
total number of stops 1s computed and stored in the last position in IPRO.
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Fig. 8 shows the positions in IPRO for all permissible stops. As one records
stops the usual case will be that after the first stop there will be only one
stop every DINC depth increment (Profile 1 and 2, Fig. 4, Profile 4, Fig. S5).
However, in some cases there may be more than one stop time at a given depth.
In che fifth profile (Fig. 5), there are three separate stop times at 20 FSW
(0 min, 2 min, and 20.58 min). Program TBLP7 will add all these together to
get one 22.58 min stop and record the whole 20 FSW stop only once in IPRO.
The variable ISTOP is initially set to the depth of the first stop (line 648)
and is decreased one depth increment each time a stop time is recorded into
IPRO (line 661). NK initially points to the position in array T just ahead
of where the stop time is, The DO loop beginning at line 653 steps through
all stops beginning at the depth of the first stop. The array IPRO has been
filled with all zero's initially by a DATA Statement (line 151) and
subsequently at line 787. The first stop time is added to the value in the
first stop element in IPRO. NK is increased by 2 to point to the next stop
depth. If it is still the same (line 660) control goes back to Statement 545
(line 654) where this stop time is added to the previous one. Thus, all
stops at a given depth will be accumulated into a single stop time. When the
next shallower stop depth is encountered, the next element of IPRO will be
used to record the stop time.

After finishing the recording, the next record in the Profile Coordinate
Input File is skipped. This line of input specifies whether or not the Model
Profile Parameter Printout is desired and is only used in Program DMDB7. The
next line of input specifies whether or not another profile will follow and
the answer ("YES™ or "NO") is read into the variable MORE. Next, a check is
made to see if the buffer IPRO 1is full; if it is, a page of profiles 1is
printed. Then if another profile follows, control is transferred back to
Statement 200 (line 261) and the next profile read in. If no more profiles
follow, then the contents of IPRO are printed out.

Table Printout Procedure
(Lines 696 -~ 808)

This procedure prints out a page of decompression schedules. A typical
page 1s shown in Fig. 9. Lines 701-705 establish the value of ICONC which
will point to the correct gas tension label in array CONLBL. Note that CPO2
will have whatever value it had after computing the last schedule. Lines 709
through 717 print out all the header informationm. In line 723 the bottom
depth of the first profile on the page 1is recorded so that when the depth
changes, a special delimiter 1line can be printed out between groups of
schedules with the same bottom depth. The DO 1loop beginning at line 728
prints out the schedules, one line at a time, If the profile depth has
changed then a gpecial delimiter line is printed and ICHNG is set to the new
depth (line 736-739). The number of stops stored in the last position of the
current row in IPRO specifies which WRITE Statement (line 751-779) will be
used to print out that particular decompression schedule. This allows all
stops deeper than the first stop to be left blank and makes for a nicer
looking printout.
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After the contents of IPRO have been printed, the schedule in the last
i position is moved up to the first (remember that IPRO holds one more schedule
than will fit on a page), and all other positions in IPRO are filled with
zeros (line 785~788). NPRO is set to "1 signifying that only a single
schedule is now in IPRO and a check made to see if more profile descriptions
are present in the Profile Coordinate Input File., If MORE is "YE(S)” than a
form feed is executed and program control goes to Statement 200 (line 261) to
begin reading in the next profile., If no more profiles follow but the
printout occurred because IPRO was full, control goes back to Statement 570
(line 674) to print out the last schedule before stopping. Finally, a
delimiter line is printed below the last decompression schedule printed, a
form feed is executed and the program stops.
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Model Overview

There are 8 subroutines which comprise the MK 15/16 Decompression Model
(Fig. 1). The Model is based on a maximum of 9 tissue tensions contained in
an array. The number and halftimes of the tissues are gpecified in an input
file along with the ascent criteria. The basis of the model is Subroutine
UPDT7 which updates the tissue tensions over a specific time interval and
depth change (one profile subsegment). In addition to updating the tissue
tension, Subroutine UPDT7 also computes the Instantaneous Ascent Depth (IAD)
which is the shallowest depth which could be ascended to instantaneously
without violating the ascent criteria. In the course of developing the
Decompression Model, two versions of Subroutine UPDT7 were used., Versgsion 1
assumes exponential uptake and linear offgassing. This version is the one
currently being used to compute the MK 15/16 Constant 0.7 ATA Oxygen Partial
Pressure Decompression Tables for either helium or nitrogen inert gas.
Version 2 was actually the first one tested and assumes exponential uptake
and offgassing. This Version 2 of Subroutine UPDT7 updates tissue tensions
according to the classical Haldanian approach assuming no gas phase forms and
testing of decompression schedules computed in this way are reported in NEDU
Report 11-80 (1). Each version of Subroutine UPDT7 has a corresponding
version of Subroutine STIM/ associated with it. Subroutine STIM/ computes
the amount of time required at a given depth before ascent can be made to a
new depth. It is important that the proper version of STIM/ be loaded with
the corresponding version of UPDT7.

Subroutine FRSP7 computes the depth of the first stop and 1is partially
model independent since no assumptions are made in the subroutine about how
tissue wupdating is done. It uses Subroutine UPDT7 to compute the IAD and
goes through an interation to find the depth which can be aacended to at the
specified rate without changing the IAD. Subroutine NLIM7 uses the gas
uptake equations to get an estimate of the no-decompression time at a given
depth but uses Subroutines UPDT7 and FRSP7 to optimize the no~decompression
time to the nearest 0.3 seconds.

Subroutine BLOC7 initializes the variables in all the common blocks and
Subroutine INIT7 initializes the Model by saturating all tissues at the
specified starting depth. The final two subroutines perform imput and output
functions for the model., Subroutine RDIN7 reads in the Model Parameter Input
File which contains the ascent criteria, Stop Depth Increment, Units of Depth
input (feet or meters), tissue haltimes, number of tissues and Saturation—-
Desaturation Ratios. While some variation in the computed decompression
scliedules can be made by changing the values in the common blocks as
specified by Subroutine BLOC7, the major changes in the decompression
schedules are made by changing the values specified in the Model Parameter
Input File, usually the ascent criteria. Subroutine RDIN7 will also print
out the values in the Model Parameter Input File before the actual
decompression profiles or tables are output. Subroutine RCRD7 performs two
functions, in the record mode it stores tissue tension values and the
corresponding zero time in an array, and in the output mode it prints these
valuas out. These values are useful in analyzing the functioning of the
Model in detail.
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Subroutine BLOC 7

This subroutine intializes the data in the common blocks PARAM and BLDVL
which are used by the other MK 15/16 Decompression Model Subroutines. A
listing 1s found in Annex B-l. The Commoun Block PARAM contains the Model
ascent criteria array M, the tissue tension array P, the tissue halftime
array HLFTM, the number of tissues NTISS, the saturation-desaturation ratio
array SDR and the value of IAD as computed by Subroutine UPDT7. The values
assigned to chis common block by the DATA Statement at line 38 are really
default values since the I-0 Program will usually assign values to these
variables from the Model Parameter Input File. The Common Block BLDVL
contains variables whose values are not usually changed by the Model
Subroutines. These variables represent blood and intrapulmonary gas press-—
ures and tensions. The values assigned to these variables in line 56 are all
in feet of seawater (FSW) where 33 FSW = 1 ATA = 760 mmHg. While FSW may
seem a strange unit for partial pressures, using it greatly simplifies the
mathematics in many of the other subroutines. It wust be noted that
different decompression profiles or sets of tables may require different sets
of values for variables in the Common Blocks initialized by Subroutine BLOC7.
The values shown in Annex B-l are appropriate to only certain decompression
schedules. The values required in BLOC7 for the various decompression
schedules tested during the MK 15/16 Decompression Model development will be
described in Part 3 of this report.

Subroutine UPDT7

Subroutine UPDT7 updates wmodel parameters over a single profile subseg-
ment. It is the heart of the MK 15/16 Decompression Model since it describes
all of the gas uptake and elimination processes. Two versions are presented.
The one for the E~-L Model is given in Annex B-2 and the one for the E~E Model
is given 1in Annex B-3. No physiological rationalization will be presented
for this subroutine here, only a detailed description of its operation.

Exponential~Linear Version

The listing for the E-L Version (Version 1) of Subroutine UPDT7 is found
in Annex B-2. The corresponding version (Version 1) of Subroutine STIM7 is
found 4in Annex B~5. The basis of Subroutine UPDT7 are two gas uptake and
elimination equations which update up to 9 halftime tissues during linear
depth changes. The E-L Model assumes that all gas stays in solution until
the total tissue gas tension exceeds ambient hydrostatic pressure bdy an
amount called the gas phase overpressure. While in solution gas uptake and
elimination for linear depth changes are described by Equation 2 of Annex B-2
(line 317). This is called the exponential mode. When the total tissue gas
tension exceeds the gas phase overpressure, a gas phase is assumed to form
and gas elimination described by Equation 4 of Annex B~2 (line 493). This is
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known as the linear mode. Most of Subroutine UPDT7 is concerned with finding
the exact time at which the transition is made from Equation 2 to Equation 4.
If the partial pressure of oxygen 1s constant finding the time of the
transition from Equation 2 to Equation 4 is straightforward and is given in
Statement 210 (line 363) of Annex B-2. If the fraction of inert gas is
constant finding the crossover time requires an interative solution.

In cases where the tissue offgassing is initially described by Equation &
the transition time at which crossover to Equation 2 occurs can always be
found by explicitly solving Equation 3 for T. Equation 3 of Annex B-2 (line
489) describes the condition at the crossover time T and is a quadratic
equation in the case of a constant inert gas fraction and a linear equation
if the partial pressure of oxygen is constant (in the latter case the rate of
change of oxygen tension, R02, is Zero).

After finding the crossover time the tissue tensiouns are updated and then
the Instantaneous Ascent Depth (IAD) is computed. The IAD is the shallowest
depth which could be ascended to instantaneously without violating any of the
ascent criteria contained in array M. The IAD is used by other Decompression
Model Subroutines.

Initialization Procedure
(Lines 140 - 167)

The variable IPRNT is set to "0" ¢to suppress printout of iteration
values. Setting it to "1" will cause all intermediate iteration values to be
printed out each time the Newton~Raphson 1iteration is performed later on.
The iteration values are always printed no matter what the value of IPRNT if
more than ten iterations are performed without coavergence. Note that there
are four rates which are used in the subroutine. RATE is the rate of depth
change passed from the main program and can be in feet or meters of seawater
(PSW or MSW) per minute. This rate is ccnverted to RAMB which is the rate of
ambient pressure change and is always in FSW/wmin. RINRT is the rate of inert
gas change and RO2 is the rate of inspired oxygen partial pressure change
both of which are in units of FSW/min, 1If the oxygen partial pressure is
constant then RO2 {s zero and RINRT will equal RAMB. If the inert gas
fraction is constant both RO2 and RINRT are nomzero and may or may not be
eqml .

Tissue Update Loop
(Lines 183 - 608)

This DO loop contains the procedures for udpating the tissues gas tensions
over a single profile subsegment. It is executed once for sach of the NTISS
tissues in the Model. In lines 189-192 the time constants for saturating and
deasaturating tissuas are calculated as well as the initial values of PAN2 and
PVSAT. Since these last two variables are changed during loop execution,
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they must be updated to their initial values for each new execution. PVSAT
represents the amount of inert gas in the venous blood if the blood is just
saturated to ambient pressure, and PAN2 is the arterial inert gas tension.
The inftial tissue tension PTISS is set to the value stored in the tissue
tension array P in line 196. P(I) will be updated to its new value at the
end of each loop execution. Next, in 1line 201, the determination is made
whether the tissue is initially in the 1linear (Equation 4) or exponential
(Equation 2) mode, If PTISS exceeds PVSAT by the gas phase overpressure
PBOVP, a gas phase is assumed to exist so it will be in the linear mode and
coantrol is transferred to the linear update procedure at Statement 300 (line
506). If not, no gas phase is assumed to exist so the tissue 1is in the
exponential mode and the program drops through to the Exponential Node Time
Computation Procedure.

Exponential Node Time Computation
(Lines 220 - 294)

This procedure goes through several checks to see if the tissue tension
will go through a wmaximum or aminimum (node) during the subsegment time
interval TC. Since either saturation or desaturation may occur in the
exponential mode, logical variable DSAT is set to “true” or "false™ to record
the initial state of the tissue tension change 1in lines 230 and 231. The
conditions for which no maximum or minimum will occur are checked for in
lines 236, 242 and 250 and control transferred either to the exponential
update procedure at Statement 400 (line 584) or to the procedure which will
compute the time at which desaturation goes from the exponential to the
linear mode at Statement 200 (line 337). At line 254, any remaining tissues
will have a node and the time at which this node will occur is computed in
line 257, Tissues which were completely saturated at the current depth will
have a node at 0 min (the beginning of an ascent) and will be desaturating
for the entire ascent. Since these tissues may crossover to the linear mode
line 262 will transfer coatrol to Statement 200. If the node will not occur
during the subsegment time interval (TC) then the tissue will remain
exponential and line 267 will transfer control to the exponential wupdate at
Statement 400. At line 273, all remaining tissues will have a node sometime
during the time interval TC and PAN2 and PVSAT are updated to their values at !
the time of the node. The time remaining in interval TC after the node is ;
computed for later use. Finally, at line 276, the tissue inert gas tension is i
updated to its value at the node which by definition will be the arterial
inert gas tension. The tissue 1is initially assumed in line 280 to remain
exponential for the remainder of the time interval but if it was initially !
saturating control goes to the Exponential~Linear Crossover Time Computation
Procedure at line 337 because after the node it will be desaturating and
desaturating tissues will eventually go to linear offgassing. Line 293
transfers control for initially desaturating tissues to the update at
Statement 400 (line 584) after the variable DESAT has been set to "false”
indicating that after the node the tissue will be saturating.
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Expounential-Linear Crossover Time Computation Procedure
(Lines 334 -~ 472)

Tissues ending up at Statement 200 are all desaturating at this point and
may go to the linear mode if the total tissue gas tension exceeds the ambient
pressure by the gas phase overpressure (PBOVP) at sometime during the time
interval (TI) remaining after the node has occurred. As T gets very large
the exponential term in Equation 2 (line 317) goes to 0.0 and Equation 2
becomes the equation of the asymptote:

(5) P(I) = (PAN2-RINRT/K) + RINRT * T

The equation for the value of the tissue tension at the ambient pressure at
which crossover will occur is: ’

(6) PgoverR = PAMB - (PVO2 + PVCO2 + PH20) + PBOVP + RAMB # T

Crossover will occur when Pxogygr = P(I). 1If the straight line described by
Equation 6 is to the left of the line described by Equation 5, then P(I) will
have to assume a value of Pggypr sometime as it approaches the asymptote.
Since RAMB 1is always greater than or equal to RINRT, the line described by
Equation 6 will be to the left of that described by Equation 5 4if the
intercept of the Equation 5 line is greater than that of the Equation 6 line,
The condition for which this is true is given in line 343 of Subroutine UPDT?
and if met, control passes to statement 210 (line 363) where a crossover time
is computed.

If the asymptote line described by Equation 5 is to the left of that
described by Equation 6, crossover may not always occur. If the intercept of
the Equation 5 line i{s below that of the Equation 6 line the two Ilines will
intersect only 1if RINRT is less than RAMB. This cannot occur if the oxygen
partial pressure is constant so crossover will never occur (line 348) and
control goes directly to the Exponential Update at Statement 400. In line
352, the time where the lines described by Equations 5 and 6 intersect 1is
computed and if this does not occur within the remaining time in the interval
TI then no crossover will occur and line 357 transfers control to the
Exponential Update. If intersection does occur within time TI, crossover may
occur and the time T is used as a starting guess for the iteration and
control passes to the iteration at Statement 220 (line 384).

Statement 210 can be arrived at only if the conditions in line 343 have
been met as discussed above. The time computed here is the exact crossover
time if the oxygen partial pressure is constant and if it is the iteration is
skipped, control going directly to Statement 280 (line 455). If the fraction
of inert gas is constant rather than the partial pressure, then this time
will be the msximum time to crossover and is used as a starting point for the
iteration to follow.
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Newton-Raphson Iteration
(Lines 381 = 443)

Beginning at Statement 220, constants for the equations used in the
iteration are computed and the number of iterations initially set to 0. In
line 393 Y, represents the difference between the right and left hand sides
of Equation 1 (line 313) and will be exactly 0.0 when the time T exactly
equals the crossover time. DY in line 394 is the first derivitive of Y. The
initial values of T as computed in line 352 or 363 and Y as computed in line
393 are used to start the iteration and the values of T, Y, DY and Y/DY for
each execution of the iteration are stored in the array VALIT in case they
are needed later. Line 413 gpecifies the convergence criteria and the loop
is exited when they are met. Only ten passes are made through the iteration
and if the convergence criteria have not been met by then the 4iteration 1is
halted at line 417 and the values stored in VALIT are printed out. Under
certain conditions the value of Y will oscillate around 0.0 and this
condition is checked for 1in line 425 and 426. When this happens, lines 427
and 428 compute the maximum error for the time estimate and if it 4is less
than 0.0001 min the iteration is halted. This substantially cuts down the
number of iterations required in many cases. The old time estimate and value
of Y are stored in T1 and Y1 and a new estimate of T is made before returning
to the start of the iteration at Statement 230 (line 392).

Statement 270 (line 440) will cause the values stored in array VALIT to
be printed if no convergence has occurred within ten iterations or 4if IPRNT
was set to "1" in line 14!. Control drops through to Statement 280 where the
crossover time 1is assigned the value of T either from the Newton-Raphson
Iteration or Statement 210 (line 363). If the crossover occurs outside of
the remaining time interval TI, then line 456 transfers control to Statement
400 and the tissue is updated exponentially. If not, pertinent variables are
updated to the crossover time in lines 463-470. The time remaining in the
time interval (TLIN) is computed in line 471 and since the tissue will be 1in
the linear mode line 472 transfers control to the Linear Update at Statement
450 (line 593).

Linear-Exponential Crossover Time Computation Procedure
(Lines 503 ~ 571)

In this procedure, Equation 3 (line 489) is solved for T. The equation
can be put into quadratic form:

N (A% Th*2) + (B*T) +C=0

Constants A, B and C are given in lines 518-520. The variable D in line 521
is the square root term of the quadratic formula for the solution of Equation
7. If either B or D are less than 0.0 or if B equals 0.0, no
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crossover will occur and line 525 transfers control to the linear update at
Statement 450 (line 593). If the oxygen tension is comstant them RO2 is 0.0
causing A to assume a value of 0.0, the square term disappears from Equation
7 and the crossover time is simply the ratio C/B (line 530). If the inert
gas fraction is constant, the quadratic formula gives the solution for the
crossover time and the root will always be the smallest of the two roots
which is given in line 531. If the crossover time is outside the interval TC
then the tissue will stay linear for the entire interval so control goes to
Statement 450 (line 593), If not, then all pertinent values are updated to
the crossover time and DESAT is set to "true” (line 542-545)., Next the now
exponential tissue is updated to its node (if 1t occurs in the remaining
time) before going to the exponential update (line 550-571).

Tisgue Inert Gas Update Procedures
(Lines 581 - 595)

Line 584 is the Exponential Update Equation 2 (line 317) and line 595 is
the Linear Update Equation 4 (line 493). After P(I) 4is updated by the
approprilate equation coutrol goes back to the beginning of the loop at line
188 until all NTISS tissues have been updated.

Instantaneous Ascent Depth Computation Procedure !
(Lines 625 - 636) I 1

After all tissues have been updated then the Instantaneocus Ascent Depth
(IAD) is computed. The IAD is used by other Decompression Model Subroutines
and 1is the shallowest depth which could be instantaneously ascended to 1
without violating the ascent criteria. In the MK 15/16 Decompression Model }
the ascent criteria are contained in the array M which is a table of maximum
tissue tensions for each depth increment. The values in the array are
initiallly determined by analyzing existing tables and then they are adjusted
empirically based on manned diving experience. The method of developing the
values in the array M will not be covered here, but will be the subject of
further reports. The array M has NTISS columns, one for each tissue
compartment and 30 rows, representing depths from 1 stop depth increment to
30 stop depth increments. Assume that stop depth increments of 10 FSW have
been chosen. Then the first row of the array M represents the maximum tissue
inert gas tension at 10 FSW which will allow ascent to 0 FSW, the second row
the maximum tissue inert gas tension at 20 FSW which will allow ascent to 10
FSW and so on. The IAD is found by comparing all tissue inert gas tensions
to their respective maximum values starting at the 300 FSW row. If all |
tissue tensions are equal to or less than the values in this row of the array
then ascent can be made to 290 FSW. This comparison coantinues until at least
one tissue tension exceeds the maximum., At this depth further ascent would
violate the ascent criteria so the depth of this row of array M is the IAD.
The IAD is used as a first approximation for the depth of the first stop as
will be discussed. Note that the maximum tissue tensions in array M are all
in units of FSW but that the stop depth increment DINC is in meters or feet
depending on the units used in the Profile Coordinate Input File.
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After computing the IAD the tissue tension update is complete and the
subroutine returns coutrol to the majin program.

Exponential-Exponential Version

The listing for the E-E Version (Version 2) of Subroutine UPDT7 1is found
in Annex B-3. This version must be used with the E~E Version (Version 2) of
Subroutine STIM7 listed in Annex B-6. The E-E Version of Subroutine UPDT7 is
similar to the E-L Version in that all tissues are first updated to thelr
maximum or minimum nodes and there are separate time constants for uptake and
elimination. In the E-E Version gas uptake and elimination are assumed to
always be exponential, and it is assumed that no gas phase ever forms.

Initialization Procedure
(Lines 113 - 137)

Only PAMB, PAO2 and RINRT are calculated. The other variables initial-
ized in the E-L version are not used.

Tissue Update Loop
(Lines. 152 - 257)

This loop is executed once for each of the NTISS tissues. In lines
157-159, the exponmential time constant for uptake (KSAT) and elimination
(KDSAT) are computed along with the arterial inert gas tension (PAN2). The
initial tissue tension PTISS is 1initialized in 1line 163 to the appropriate
value in array P.

Node Time Computation Procedure
(Lines 178 - 228)

This procedure 1s similar to the Exponential Node Time Computation
Procedure in the E-L version. First, in lines 187-188, the value of DSAT is
set to "true” or "false” depending on whether or not the tissue is saturating
or desaturating. If the depth is constant (RATE = () there is no node and
control passes directly to the update at Statement 400 (line 240). Also,
there will be no node for saturating tissues undergoing descent or desaturat-
ing tissues undergoing ascent (line 192, 202). Both of these conditions
cause immediate transfer of control to the Exponential Update Procedure at
statement 400 (line 240). In line 209 the time of the node occurance 1is
calculated using the saturation or desaturation time constant as appropriate.
If this time is less than 0.0 or greater than the time interval TC control is
transferred at line 214 to the Exponential Update Procedure. If the node
does occur within the time interval TC the tissue inert gas tension and
arterial 1inert gas tension are updated to the node and the time remaining
after the node computed (line 220~222), The variable DESAT is complemented
in line 227 and control drops through to the Exponential Update Procedure.




Exponential Update Procedure
(Lines 240 - 245)

This procedure updates the tissue for a linear ascent or descent. After
the update is complete, control is transferred back to the beginning of the
loop until all NTISS tissues have been done. After all tissues have been
updated, control drops through to the procedure which computes the Instantan-
eous Ascent Depth.

Instantaneous Ascent Depth Computation Procedure
(Lines 273 - 284)

This procedure is identical to the one used in the E-L Version of UPDT7.

Subroutine FRSP?7

This subroutine finds the depth of the first stop for a specified ascent
rate. The depth of the first stop 1s passed back to the main program as an
argument of the subroutine (DFS), all other data 1s passed 1in the three
common blocks PARAM, BLDVL and MDATA. The subroutine uses the Instantaneous
Ascent Depth (IAD) calculated by Subroutine UPDT7 as a first approximation of
the first stop depth. A trial update at the specified rate is performed
first to DINC deeper than the IAD then 1if all ascent criteria are met at
DINC+IAD to TAD itself. Depending on the rate of ascent and the initial
tissue tensions the tissues may saturate or desaturate during the trial
ascent and may have taken up excess gas (in which case the new IAD after
ascent will have increased), offgassed sufficiently to go shallower (in which
case the new IAD will have decreased) or still have just enough gas on board
to require a stop at 1IAD (in which case the TIAD will not have changed).
Depending on whether the IAD has 1increased or decreased after the trial
ascent, the first stop depth estimate is increased or decreased in increments
of the stop depth increment (DINC) until the IAD before and after ascent are
the same and are in fact equal to the depth which has just been ascended to.

Initialization Procedure
(Lines 105 -~ 119)

The depth of the first stop (DFS) 4s initially set to the current depth
and if the current depth is equal to or shallower than the TIAD, CDEPTH
becomes the first stop depth, This precaution is necessary for two reasons.
The first is that if the DX option 1s used for an ascent one could end up at
a depth shallower than the IAD. If the DX option were not specified for the
next ascent, the subroutine would attempt to descend to the IAD causing a
negative descent time to be computed, Rather than have that happen, a stop
will simply be taken at CDEPTH until; ascent {s possible. The second
situation will occur 1f a O min stop is taken at a decompression stop during
ascent (as in changing breathing gases) in which case the current depth will
be equal to the IAD. In this case (unless precautions are taken) a trial
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descent would be performed to DINC+IAD causing the tissue tensions to
increase and an anomalous stop to be taken at DINC+IAD. In the auto-decon-
pression mode one can never go too shallow so the depth of the first stop
will never be deeper than the current depth. Line 110 ensures this 1is always
the case.

In lines 115 to 118 the logical variable LASTIT is initialized to "false"
and the current tissue tensions and TAD stored temporarily because they will
be changed when Subroutine UPDT7 is called to do the trial ascent.

Depth of First Stop Iteration Loop
(Lines 133 - 191)

The variable MIND is set initially to the TIAD and in lines 137-143 a
trial update {s done from the current depth to MIND+DINC. This must be done
because the definitions of the ascent criteria requires that they be met DINC
deeper than a given depth before ascent to that depth 1is possible. In lines
144 and 145 the tissue tensions and IAD are restored to their original
values. If after ascent to MIND+DINC the TIAD has increased, control is
transferred by line 152 to line 161 where 1t will drop through to 1line 173.
If the IAD has remained the same or decreased during the first trial ascent
lines 153-155 do another trial ascent to TAD. If the new TAD equals MIND
(the value of IAD before ascent) then line 161 transfers control to Statement
50 (line 188) where the value of the depth of the first stop (DFS) is set to
MIND and the subroutine exited. l

2%

If IAD and MIND are not equal after the trial ascent then control goes to !
line 173. Since additional tissue saturation or desaturation takes place
during ascent it is unlikely that MIND and TIAD will be equal the first time
through the loop. The usual sequence of events is that the value of MIND is
systematically increased or decreased and by the second iteration the value
of IAD doesn't change after the trial update and the loop is exited at line
161 with MIND containing the value of the depth of the first stop. In a very
few cases, however, the IAD may increase on one pass through the 1loop and
decrease on the next,. This occurs when a tissue is still saturating during
ascent. On the first trial wupdate all tissue tensions will be less than
their maximum permissible values contained in array M and the new TIAD
decreases by one depth increment after the frial update to the original value
of IAD. The next time through the loop the trial update will be to the new
value of TAD. If a tissue was saturating during ascent it may have taken up
enough additional zas during the additional ascent to the new TAD to just
exceaed its maximum permissible value, Thus, when the next trial update is
done the value of TAD will decrease by one depth increment. This oscillation
will continue indefinitely because the tissue will have a tension just below
its maximum permissible value at the deeper trial stop and just above it at
the shallower trial stop. Since the ascent criteria state that once the
maximum permissible tissue tension has been reached at a given depth that
ascent to the next shallower depth 1increment is allowed the depth of the
first stop 1s taken at the shallower of the two depths, and assigned to
MIND.

Once the depth of the first st.» has been found the IAD is restored to
its original wvalue, the value of the 1integer MIND is assigned tn the real
variable DFS and the subroutine returns control to the main program (lines
188-191),
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Subroutine STIM7

This subroutine computes the time which wmust be spent at a given depth
before ascent to a shallower depth can be accomplished without violating the
ascent criteria, Subroutine STIM7 1is never called before Subroutine FRSP7
has been called to first eatablish the depth of the first stop. Once the
depth of the first stop has been established, Subroutine STIM7 18 usually
called to see how much time must be spent at a given stop before ascending
one depth increment to the next shallower stop. However, provision is made
for ascent to any depth after stopping and 1in situations where the next
shallower stop 1is more than one stop depth increment shallower, a special
optimization procedure is used to shorten the stop time to take advantage of
any additional decompression which may occur during ascent. i

Ascent may be limited by one of two phenomena. A desaturating tissue
will be offgassing and its tissue tensions must decrease to the maximum
permissible value as specified in array M before ascent is allowed. In thege
cases, the stop time 1is regulated by the desaturation time. In other cases,
a tissue may be saturating and the stop time will be determined by the time
it takes this tissue to saturate to its maximum permissible value. This is
called the saturation time. Either the saturation or desaturation time is
computed for each of the halftime tissue and the longest desaturation time
and the shortest saturation time 1is saved, After the saturation or
desaturation time has been computed for all NTISS tissues, the ghortest of
either the saturation or desaturation time becomes the stop time. The next
depth to be ascended to after the stop (SDEPTH) and the stop time (TIME) are
passed as subroutine variables, Two versions of Subroutine STIM7 are
presented. The E-L version (Version 2) is used with the E-L version of
Subroutine UPDT7 in Annex B-2 and the E-E version (Version 2) i{s used with
the E-E version of Subroutine UPDT7 in Annex B-3,

Exponential-Linear Version

The listing of this version of Subroutine STIM7 is found in Annex B-5,

Initialization Procedure
(Lines 119 -~ 140)

In lines 122, 127-136, the ambient pressure, arterial oxygen tensiom and
the venous and arterial inert gas tension are computed. In line 134, the
desaturation time {s initialized to its smallest possible value (0.0) and in
line 135 the saturation time 1s initialized to its largest possible value
(9999 min) vhich 1is considered an infinite time. Finally, in line 139, the
depth or row subscript of array M which {s associated with the next shallower
depth SDEPTH is computed. It i3 this row of maximum permissible tissue
tensions which wmust not be exceeded before ascent to SDEPTH can be
accomplished.




Trial Desaturation and Saturation Stop Time Computation Procedure
(Lines 158 - 258)

This procedure i3 executed once for each of the NTISS tissues in the
model. In lines 165 and 166 the saturation and desaturation time constants
for the tissue under comsideration are computed. Then in line 170 contro! is
passed to the Saturation Trial Stop Time Computation at Statement 100 (.ine
239) if the tissue is saturating. It it is not, control drops through to the
Desaturation Trial Stop Time Computation.

Desaturation Trial Stop Time Computation
(Lines 177 - 229)

In lines 181 and 182, the Trial Stop Time 1is set to 0.0 if the tissue
tension i3 already less than or equal to the maximum permissible tissue
tension at SDEPTH. In line 187 and 188, the Trial Stop Time is set to 9999
min (infinity) 1if the arterial inert gas tension is greater than or equal to
the maximum permissible value. It must be remembered that all tissues which
are desaturating will approach the arterial inert gas tension asymptotically,
so if the arterial inert gas temsion is greater than or equal to the maximum
permissible value in array M, ascent to SDEPTH will never be possible.

Once it has been determined that a tissue can have a non—zero finite
positive stop time, it must be determined whether the tissue 1is decaying
linearly or expounentially. If the dissolved tissue tension is less than or
equal to the venous inert gas tension, then the gas phase will have
disappeared and the tissue will be decaying expounentially. By setting PLIN
to the dissolved tissue tension in line 195 in these cases, the stop time for
the linear portion of the tissue desaturation as computed in line 203 will be
0.0. If the dissolved inert gas tension is greater than the venous inert gas
tension then PLIN 4is set to PYN2 in 1line 201 because when the tissue has
desaturated to this value, further desaturation will bz exponential. If the
maximum permissible inert gas tension is greater than the venous, the tissue
will have satisfied the ascent criteria without ever entering the exponential
mode so PLIN i3 set in line 202 to the maximum permissible value in array
M,s0 that the stop time for the exponential portion of the desaturation as
computed in line 214 will be 0.0. After computing the time required for
linear desaturation in line 203, the procedure will fix the time spent in the
exponential mode to 0.0 if the maximum permissible inert gas tissue tension
is above the venous (line 209-210). The time for the exponential portion of
the desaturation is computed in line 215 and the exponmential or linear times
are summed in Statement 40 (line 219) to get the total stop times for this
particular desaturating tissue. In line 224, it is assured that the largest
stop time which can be computed is 9999, minutes. Finally, at Statement 50,
the largest desaturation time computed so far is saved as TDSAT before either
proceading on the next tissue or exiting the loop if all NTISS tissues have
been done.
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Saturation Trial Stop Time Computation
(Lines 235 -~ 258)

Saturating tissues always stay exponential and a positive finite stop
time will exist if the dissolved inert gas tension is less than the maximum
permissible value 1in array M (line 246). The saturation stop times are
computed in line 250 but can unever be negative (lime 251). A negative stop
time might occur because of roundoff error causing the log argument function
to be less than 1.0 in line 250. The shortest saturation time is saved in
line 256 before doing the next tissue or exiting the loop.

In line 267 the smallest of the saturation or desaturation stop times is
assigned to TIME as the stop time. Line 271 will terminate the subroutine if
the depth to be ascended to after the current stop is not more than ome DINC
shallower than the curreat depth. Also, the subroutine is terminated if a
non-zero positive finite stop time was not found (line 275).

Stop Time Optimization Procedure
(Lines 292 - 350)

If ascent 1is to be greater than DINC and a non-zero positive stop time 4
exists, then it may be possible to shorten the stop time to take advantage of

the additional decompression. The two 1logical variables used in this

procedure are initialized in lines 295 and 296 and the current tissue tension

and IAD stored temporarily in lines 300-302 anticipating the trial update by

Subroutine UPDT7 which will change these values. In lines 306 -309, a trial |
update for the trial stop time previously calculated at the current depth is

done and Subroutine FRSP7 called to compute the depth of the first stop

(DFS). If the value of DFS as returned by Subroutine FRSP7 is greater than

SDEPTH (the next shallower stop depth) the first time through the procedure,

no optimizacion is possible. This usually means a tissue is saturating

during ascent and will actually exceed the maximum permissible tissue tension

at SDEPTH when it is reached. If DFS is less than or equal to SDEPTH,

optimization may be possible.

In lines 313-315, the tissue tengions and IAD are restored to their
original values. Line 319 will transfer control to Statement 430 (line 340)
if the value of DFS 13 greater than SDEPTH. If it is not, FIRSTM is set to
“false” signifying that the first pass through the procedure has been
completed. In line 329, if the stop time is 0.0 or if IDFS has been set to
“true” in line 348 on a previous pass, the optimization is over and the
subroutine is terminated. In line 334, the stop time is shortemed by 0.l min
(but never to a value less than 0.0) before returning to Statement 400 (line
300) for another update. Shortening of the stop time will occur until the
value of DFS as computed by Subroutine FRSP7 in line 311 just exceeds
SDEPTH.
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When DFS exceeds SDEPTH, control is transferred at line 319 to Statement
430 (line 340) and if this happens the first time through the procedure
(FIRSTM is "true”), the subroutine is terminated because optimization 1s not
possible., If 41t 41s not the first time through then the stop time 1is
increased in .005 min increments. IDFS is set to “"true” so that as soon as
the stop time has been increased sufficiently to cause DFS to equal SDEPTH,
line 329 will cause the subroutine to terminate.

Exponential-Exponential Version

The E-E Version of Subroutine STIM7 should only be used with the E-E
version of Subroutine UPDT7. The E-E Version of Subroutine STIM7 is
basically the same as the E-L Version except that the linear portion of the
gas elimination is assumed not to take place, both gas uptake and elimination
being assumed exponential. A listing of this version of Subroutine STIMJ is
found in Annex B-6. 1

Initialization Procedure
(Lines 117 - 137)

The vencus inert gas temnsion does not appear in this subroutine and is
not initialized. Otherwise the procedure is the same as for the E-L
Version. l

Trial Desaturation and Saturation Stop Time Computation Procedure
(Lines 155 - 231)

The major difference in this section from the E-L Version 1is the
procedure for finding the trial stop time for desaturating tissues. Since
all offgassing is exponential once it has been verified that conditions at
the stop will allow decay to the maximum permissible level in array M in
lines 179 and 185, only the exponential stop time has to be computed (line
189). The procedure for finding the stop time for saturating tissues is
identical to that in the E-L Version.

From line 236 on, the E~E version of STIM7 is identical to that portion
of the E-L version beginning at line 264 in Annex B-6.

Subroutine NLIM?

Annex B~7 contains the listing for this subroutine. This subroutine
finds the msximum time which can be spent at the current depth which will
allow { direct ascent to the surface without violating the ascent criteria.
The econpression time is passed as the variable TIME with the subrou-
tine.




The no-decompression time is first estimated by computing the time it
takes for each tissue to exponentially saturate to a level where the tissue
tension just equals the maximum permissible value at 1 ATA (that 1is, the
values in the first row of array M). The trial no-decompression time is the
shortest of all the times computed for each tissue. Since this trial
no-decompression time assumes instantaneous ascent, an optimization procedure
is performed which will lengthen or shorten the trial no-decompression time
until the tissue tensions are exactly equal to their maximum permissible
values at the surface after a linear ascent at a finite rate.

Initialization Procedure
(Lines 112 - 125)

The logical variable IDFS which 1s used later on in the Optimization
Procedure is set to “false”. The ambient pressure, arterial oxygen tension
and arterial inert gas tensions are computed and the no—decompression time is
initialized to 9999 min which is defined as being essentially infinite.

Trial No-Decompression Time Computation Procedure
(Lines 141 - 166)

This procedure is a DO loop which is executed once for each of the NTISS
tissues. If the tissue tension already exceeds its wmaximum permissible
value, the trial no~decompression time is set to 0.0 min (line 147, 148). 1If
the arterial 1inert gas tension 1is less than the surfacing maximum tension
then the tissue can surface without decompression even after saturating and
the wno-decompression time is set to 9999 min (line 153, 154). In lines
158-163, the trial no-decompression time is computed for all other tissues
and the smallest value saved as the final trial no-decompression time in line
164,

1f the trial no-decompression time is 0.0 or 9999 then optimization is
not possible and line 179 transfers control to Statement 40 (line 241) and
the subroutine is exited.

No-Decompression Time Optimization Procedure
(Lines 190 - 231)

The current tissue tensions in array P are stored in array TP (the IAD
was temporarily stored in line 175) anticipating a trial update by Subroutine
UPDT7 which will change the tensions in array P as well as the IAD. In lines
198-201 & trial update at the current depth is done and then Subroutine FRSP7
is called to find the depth of the first stop. Following this, the tissue
tensions in array P are restored to their original values in lines 205 and
206.
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If the depth of the first stop (DFS) is not 0.0 then some gas uptake is
taking place during decompression and the trial no-decompression time is too
long. If DFS is 0.0 then all one can say is that the trial no—decompression
time is not too long but it may be too short., The remainder of the procedure
beginning at line 210 will add time in O.1 min increments to the trial
no~decompression time (line 218) until DFS is no longer 0.0. At this point,
one can say that at the most the no—-decompression time is 0.1 min too long.
Since DFS will now exceed DINC, line 210 transfers control to Statement 30
(line 225) where the trial stop time is shortened in 0.005 min increments.
Since IDFS was set to "true”, as soon as the trial no~decompression time has
been shortened sufficiently such that DFS 1is again 0.0 then line 217 will
transfer control to Statement 40 where the subroutine is exited. If the
trial no-decompression time at any time decreases to 0.0 then line 230 will
immediately transfer control to Statement 40. If a finite positive time
results from the optimization procedure it will be at the most .005 min (0.3
sec) too short.

Statement 40 restores the IAD to its original value and the subroutine is
exited.

Subroutine INIT7

In this subroutine the model is initialized at CDEPTH. CDEPTH is usually
0.0 but may be any value., All tissue inert gas tensions are set equal to the
arterial inert gas tension at CDEPTH. A listing is found in Annex A-8.

Subroutine RCRD7

This subroutine which is listed in Annex B-9 has two modes. I MODE is
1" then line 90 transfers control to the printout procedure beginning at
Statement 200 (line 136). Otherwise, control drops through to the recording
procedure.

Recording Procedure
(Lines 100 - 121)

The tissue tensions in array P are recorded in array TT in the row
specified by CNIR. If this is the very first record, 1line 108 causes line
109 to be skipped so that the recorded Zero Time will retain the value of "0"
set in the DATA Statement in line 76. Otherwise, line 109 sums the elapsed
time since last recording Zero Time with the previous Zero Time to get its
current value. Tissue gas tensions are storsd in colusms 1 through 9 of
arrasy TT, Zero Time in column 10 and the inert gas tension in column 1ll.
CNTR 1is automatically incremented in line 119 each time the recording
procedure is executed.
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Printout Procedure
(Lines 135 - 139)

The tissue inert gas tensions, zero time and gas tensions are written out
to the line printer. The tissue halftimes and saturation desaturation ratios
are written in a label for the appropriate tissue tension column, Figures
10, 11 and 12 show examples of Model Profile Parameter Output for the
profiles in Fig. 4 and 5. In these cases, 9 tissues were specified so there
are 9 columns of tissue tensions. I1f less than 9 tissues had been apecified,
zeros would have appeared in columns where a tissue was not specified.
Column 10 is the Zero Time and keys the 9 tissue tensions to the rows having
corresponding zero times in the profiles of Fig. 4 and S. Tissue tensions
are printed in the last column but are unlabeled. Figure 13 is the Model
Profile Parameter Output for the multiple depth dive profile shown in Figure
6.

The array TT can hold up to 100 profile subsegments or 50 profile

segments; in this case, the same number as the dive profile arrays in Program
DMDB?.

Subroutine RDIN7

This subroutine reads in the data in the Model Iput Parameter File. A
conplete listing is found in Annex B-10, Since different computer operating
systems handle disk files in different manners this subroutine must be
tailored not only to the Decompression Model used but to the operating system
as well., All subroutines except one which is used by this subroutine are
part of the Hewlett-Packard RTE IV-B Operating System and will not be
discussed. Subroutine FMPER is a subroutine which was especially written to
decode any error messages which may occur when manipulating disk files and a
listing is given for completeness in Annex D. No detailed description of
Subroutine FMPER is given, the comments contained in the subroutine should be
sufficient for those familiar with the RTE IV-B Operating System. Subroutine
PMPER 1is not necessary for proper execution of Subroutine RDIN7 and can be
left out. Its only purpose {3 to print out any errors which occurred during
disk file manipulation as soon as it occurs. Without this subroutine the
program would simply stop if an error occurred and the operating system would
have to be interrogated to find the reason.

Model Parameter Input Files

A typical Model Parameter Input File (MPIF) which is read by Subroutine
BDIN7 is shown 1n Figures 14 and 15. This particular file consists of 3
sub~files each 33 lines long. There is no limit to the number of sub-files
which may be contained in each MPIF, however, each sub-file must be exactly
33 lines long and conform to the format in Figures 14 and 15.
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FIGURE 14. THE FIRST TWO SUBFILES OF MODEL PARAMETER INPUT FILE HVALOS
THE LINE NUMBERS ON THE LEFT ARE FOR REFERENCE AND ARE NOT PART
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FIGURE 15. CONTINUATION OF THE MODEL PARAMETER INPUT FILE HVALO9 OF

120.000
139.688
139.370
179.08S
196.740
218.42S
238.110
237.793
277.480
297.16S
316.830
336 .33
396.221
37S5.906
39%.5%1
415.276
434 .96
434 . 646
474.331
494 .016
313.701
333.386
333.071
372.736
392. 441
612.126
631.811
651 .496
671.1891
690.866

2

S.00
1.00

98.000
117.69%
137.370
157,088
176.740
196.425
216.110
235.793
235.480
27%.163
294 .850
314,335
334.220
383.906
373.591
393.276
412,961
432.646
432.331
472.016
491.701
S11.386
$31.071
330.7%6
570. 441
$90.126
609.911
629.496
649,181
668.866

80.000
99.6835
119,370
139.05S5
138.740
178.42S
198.110
217.793
237 .480
237.163
276 .850
296.333
316.220
335.906
333,391
373.276
394 .961
414,646
434.331
454,016
473.701
493 .386
S13.071
332.7%6
382.441
372.126
3%1.811
611.496
631.181
630.866

SHEL TUN

10,00
1.00

20.00 40.00 @0.
.00 1.00

1.00

68.000
87.68S
107.370
127.055
146.7490
166.425
186.110
205.793
225 .400
243.163
264 .9830
264.535
304.220
323.906
343.391
363.276
382.961
402.646
422.33"
442.016
461.701
481,386
301.071
320.7%6
S40.441
360.126
379.811
399.496
619.181
638 .866-

1,00 1

56.000

?%.688
95.370
115,035
134.740
154,425
174,110
193.793
213.480
233.163
2%2.950
272.335
292.220
311.906
331.391
331.276
370.96t
390.646
410.331
430.016
449.701
469 .366
489.071
508.736
S5268.441
S48.126
367.9811
387 .496
607.181
626 .866

48.000
67.683
87.370
107.05S
126.740
146,425
166.110
18S.793
203.480
223.16S
244 .850
264,538
284.220
303.906
323.391
343.276
362.961
382.646
402.331
422,016
441.701
461 .386
481 .07
$00.736
520,441
540.126
$39.811
$79.496
$99.181
618.866

" 47.500

67.185
86.870
106.3SS
126 .240
145,925
165.610
185.293
204 .9980
224 .663
244,350
264,035
283.720
303.406
323. 091
342.776
362 461
382.146
401.831
421.516
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$79.996
398.681
618.366
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46.000
66 . 485
86.170
109,388
1235.540
143,225
164,910
184.%9S
204 .280
223.968
243.630
263,333
283.020
302.706
322.391
342.076
361.761
381,446
401.131
420.816
440.%501
460.186
479.971
499.5%6
519.241
$38.926
$58.611
$5798.296
597.981
617.666

9
9

FIGURE 14 SHOWING THE THIRD SUBFILE. THE LINE NUMBERS ON THE LEFT
ARE FOR REFERENCE AND ARE NOT PART OF THE FILE.
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The first 30 lines of each sub-file are the maximum permissible tissue
tensions in units of FSW (33 FSW = 1 ATA) in F8.3 format. Each column
represents values for one halftime tissue and the tissue halftimes appear in
the 32nd line in F7.2 format followed by the number of tissues in use in I9
format. If the number of tissues in use in less than 9 then only the left
most tissues are used up to the maximum number by the MK 15/16 Decompression
Model. Thus, 1f only 6 tissues are specified only the first 6 columns are
meaningful. The sub-file must have numbers at all positions shown in Fig.
14, If certain tissues are not specified the values in the corresponding
columms may be set to 0.0 or may contain any number since they will not be
used. Subroutine RDIN7 always reads in all 9 columms of maximum permissible
tissue tensions into array M, even if less than 9 tissues will be used.

The 31st line of each sub-file contains the Units Mode and Stop Depth
Increment each in an I8 format followed by 12 alphanumeric characters which
are the Inert Gas Label. Line 33 contains 9 Saturation-Desaturation Ratios
in F7.2 format followed again by the number of tissues in I9 Format.

Subroutine RDIN7 will read the first 30 lines of each sub-file into array
M then read the the next 3 lines of data into the appropriate variables. The
subroutine then compares the Units Mode and Depth Increment in the 31st line
with the values specified by the calling program. A Units Mode of "1" means
that the Stop Depth Increment is in units of feet of seawater (FSW) and a “2"
means it is 1in units of meters of seawater (MSW) (no matter what the Stop
Depth Increment the maximum tissue tensions are always in FSW). If a match
with the specified Units Mode and Stop Depth Increment is not made, the next
33 lines are read. Subroutine RDIN7 continues reading in 33 line sub~files
until a sub—-file with the specified Depth Units and Stop Depth Increments is
encountered. There is no limit to the number of sub-files which may be
contained in the MPIF, however, if no match of Units Mode or Stop Depth
Increment is made by the time the end of the file is encountered, an error
will occur and the program will stop.

The MK 15/16 Decompression Model MPIFs each contain 3 sub-files. The
first i3 for Stop Depth Increments of 10 fSW, the second for Stop Depth
Increments of 3 MSW and the third in increments of 5 MSW. Tissue halftimes,
the number of tissues, Saturation Desaturation Ratios and the Inert Gas Label
are identical for all 3 sub-files. The purpose of having 3 sub—-files was to
conveniently print out tables in either Imperiai or Metric Units once an
algorithm has been developed. The Inert Gas Label is used to label tables
and profiles and indicates for what inert gas or combination of 1inert gases
the maximum tissue tension values were developed.

The MPIF could be generated by a text editor but in the case of the MK
15/16 Decompression Model a program was used to generate these files., This
program will be presented later,
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File Read In Procedure
(Lines 141 - 202)

In lines 145 and 146 the value of IMODE is established depending on
whether or not a metric stop depth 1increment is desired. The Stop Depth
Increment desired by the calling program is integerized as IDINC in line 147.

In line 153-155 the desired file (IFILE) is opened. If an error occurs
IERR returns as a negative mumber then Subroutine FMPER prints the error
message and the subroutine causes an immediate halt, If Subroutine FMPER 1is
not used Subroutine RDIN7 will fumction as described but no error messages
will be printed.

The DO loop beginning at Statement 175 (line 161) reads in the f£irst 30
rows of the MPIF into array M. In lines 170-184 the Depth Units Mode, Stop
Depth Increment, Inert Gas Label, tissue halftimes, number of tissues and the
SaturationDesaturation Ratios are read in. In lines 190 and 191 control is
transferred back to Statement 175 (line 161) 1if a match is not made between
the Specified Depth Units Mode and Stop Depth Increments and the values
actually read in.

Once a match is made the input file is closed in 1line 195 and 1if no
printout is desired then the subroutine is exited at line 201.

Model Parameter Printout Procedure
(Lines 214 - 238)

This procedure prints out the values of IFILE, IGAS, arrays HLFTM, SDR,
and M and the values in Common Block BLDVL in the format shown in Fig. 16.




§:37 @M SUN.. 10 JAN., 1982 TBLP?
TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS
CHYAL 09~ HEL IuM >
TISSUE MALF-TIMES

OEPTH S MIN 10 MIN 20 MIN 40 MIN 80 MIN 120 ®RIN 160 MIN 200 MIN 240 NIN
1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR

10 F3U 120.000 96. 000 80.000 68.000 36.000 48.000 47.500 47.000 46.800
20 FSUW 132.000 110,000 92.000 80.000 68.000 60.000 39.300 59.000 S8.800
30 FSH 144,000 122.000 104,000 92.000 80.000 72.000 71.500 71.000 70.800
40 FSW 156.000 134.000 116.000 104.000 92.000 84.000 83.300 83.000 92.800
S0 FSW 168.000 146.000 128. 000 116,000 104.000 96.000 95.500 93.000 94.800
80 FSW 130.000 158.000 149.000 128.000 116,000 108.000 107.3500 107.000 106.800
70 FSY 192.000 170.000 152.000 140.000 128.000 120.000 119.500 119.000 118.800
80 FSW 204,000 182.000 164,000 1352.000 140.000 132.000 131.300 131.000 130.800
90 FSW 216.000 194.000 176.000 164.000 152.000 144.000 143.3500 143.000 142.800
100 FS¥ 228.000 206.000 1868.000 176.000 164.000 196.000 195.500 1355.000 154.800
110 FSW 240,000 218.000 200.000 188.000 176,009 168.000 167.500 167.000 166.800
120 FS¥ 252.000 230.000 212.000 200.000 188. 000 180.000 179.3500 179.000 178.800
130 FS¥ 264,000 242.000 224.000 212.000 200,000 192.000 191.500 19t.000 190.800
140 FSU 276.000 234,000 236.000 224 .000 212.000 204.000 203.3400 203.000 202.800
13S0 FSW 288.600 266.000 248,000 236.000 224.000 216.000 215.30¢ 213,000 214.800
160 FSW 300.000 278.000 260.000 248.000 236.000 228.000 227.500 227.000 226.800
170 FS¥ 312.000 290. 000 272.000 260.000 248.000 240.000 239.500 239.¢000 238.800
180 FSU 324. 000 302.000 284. 000 272.000 260.000 232.000 251.500 251.000 230.800
190 FSU 336.000 314.000 296.000 294,000 272. 4000 264.000 263.300 263.000 262.800
200 FSu 348.000 326.000 308.000 296.000 284,000 276.000 27%.300 275.000 274.9800
210 FSW 360.000 338. 000 320.000 308.000 296.000 288.4900 287 .3500 287.000 286.800
<2l F3¢ 372,900 350.300 332.000 320.000 308.900 360.000 299.500 <99.00¢ 298.800
230 FsSu 3a34.000 362.000 344.000 332.000 329.000 312.000 311.3500 311.000 310.300
240 FSW 396. 000 374.000 356.000 344.000 332.000 324.000 323.500 323.000 322.800
250 Fsd 403.000 386.000 368.000 336.00¢ 344.000 336.000 333.300 335.000 334.800
260 FSW 4290.9000 399.000 380.000 368.000 356.9000 348.000 347.300 347.000 346.800
270 FSW 432.000 410,000 392.000 380.000 368.000 360.000 359.500 359.000 358.800
280 FSW 444,000 422.000 404.000 392.000 380.000 372.000 371.500 371.000 370.800
290 FSW 456,000 434,000 416.000 404,000 392.000 384.000 383.500 383.000 392.80¢0
300 FSW 468.000 446.000 428.000 416.000 404.000 396.000 39S.500 39S.000 394.800

BLOOD PARAMETERS
(PRESSURE IN FSUW; 33 FSW=1 ATA)
Paco2 PH20 PVCO2 rPYO2 ANBAC2 PBOVP
1.350 0.00 2.30 2.00 0.00 0.000

FIGURE 16. HVALO9 ASCENT CRITERIA AS PRINTED OUT BY SUBROUTINE RDIN7.

THE VALUES IN COMMON BLOCK BLDVL ARE ALSO PRINTED OUT
BY THE SUBROUTINE.
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INTRODUCTION

The MK 15/16 Decompression Model described in Part 2 of this report is
the algorithm for computing decompression tables, However, the decoampression
profiles may be varied by either changing the initialization values in
Subroutine BLOC7 or by changing the ascent criteria in the Model Parameter
Input File. As discussed during the description of Subroutine RDIN7, the
Model Parameter Input File contains the ascent criteria (Maximum Permissible
Tissue Tensions from the surface down to 30 stop depth increrents), the units
and magnitude of the Stop Depth Increment, an Inert Gas Label, up to nine
tissue halftimes, the number of tissues and up to nine Saturation—
Desaturation Ratios. Several different methods were used to compute the
ascent criteria during the testing of the MK 15/16 Decompression Model.
Program MVALU was used to generate the Model Parameter Input File containing
the ascent criteria and Subroutine MCOMP is used by Program MVALU to actually
compute the ascent criteria. Listings for Program MVALU and the three
versions of Subroutine MCOMP used so far are given in Annex C. Version 1.0
of Subroutine MCOMP was used to generate the ascent critezria used in the
current version of the Nitrogen/Oxygen and Helium/Oxygen Decompression
Tables. Version 2.0 was used to generate the ascent criteria in MVAL 1, 2
and 3 and Version 2.1 to generate the ascent criteria in MVALS. MVAL 1, 2, 3
and 5 were used to develop the first set of comstant 0.7 ATA POy in nitrogen
decompression schedules as previously reported (1).

Program MVALU

This program allows creation of a new Model Parameter Input File,
modification of existing files or listing of existing files. A listing of
the program is found in Annex C-1. Figures 14 and 15 show the file format as
it appears in mass storage. Three 33-line subfiles are expected but the
program is capable of listing files containing only a single subfile as some
of the early Model Parameter Input Files did. Both the input and output of
files in Program MVALU is to a disk file.

Program MVALU uses Subroutine FMPER to print out errors which may occur
during file manipulation. A listing of this subroutine is given in Annex D
for completeness and it will not be discussed further. Subroutine MCOMP
which actually computes the ascent criteria will be discussed later. All
other sgsubroutines used by Program MVALU are Hewlett Packard RTE IV-B
Operating System Subroutines and will not be discussed here. Their functions
are only briefly described in the program listing.

Initialization and Option Select Procedure
(Lines 145 - 175)

In lines 148-152 the device number of the terminal and line printer are
established. Statement 40 (line 147) prints out a message asking for the
desired option. Legal responses are "1, "2", or "6". Any other response
will cause control to go back to Statement 40. Unless an error occurs, there
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are only two ways to stop the program. That is by specifying option 6 at

line 159 or 171. All normal exits from the program are from these two

statements. Option 1 will produce only a 1listing of an existing file. 1f

this option 1s selected control goes to Statement 50 (line 194) to get the '
file name and then Statement 53 (line 202) transfers control to the Printout

Procedure beginning at line 465. Option 2 causes control to drop through to

Statement 45 (line 168) where selection of one of three "Create” options is

requested. If option "6" is selected, the program stops.

At line 168, a message is written to the terminal asking for ome of &
“Create” optionms. If one of the legal respomses "3", "4, "5” or "6" is not
selected, control goes back to Statement 45 where another option selection is
requested. Option 3 will cause a new file to be created so no input file
name is needed and line 172 transfers control to Statement 55 (line 211) to
get an output file name. Option 4 will modify an existing file so the input
and output file will be the same. Option 5 will need both an input file name
and an output file name because it will use existing values in one file to
create another. Both Options 4 and 5 cause control to go to Statement 50 to
get the input file name. Note that Option 1 also ends up at Statement 50
from line 160.

Lines 194~198 ask for an input file name. Simply hitting a return will
cause control to go back to Statement 40 if Option 1 had been initially
selected and to Statement 45 if Option 4 or 5 had been selected to get a new
option. Once an input file has been specified, 1line 202 will transfer
countrol directly to the Printout Procedure 1f Option 1 had been selected.
Option 4 requires no output file name since an existing f£file i1is being
modified so line 206 causes the statements for getting the output file name
to be skipped.

Lines 211-220 get the output file name and creates the output file for
Options 3 and S. If no file name is specified then control goes back to
Statement 45 (line 168) to select a new optiom. If an error 1is encountered
in line 218, IERR will be returned as a negative number and after the error
message is printed by Subroutine FMPER, control will go back to Statement 55
(1ine 211) to get another output file name.

If Option 3 has been gelected then lines 230-269 which read in data from
an input file are skipped. Option 3 will start out with the variables set to
the values in the DATA Statements at lines 92 and 96.

Options 4 and 5 will need to have the input file read in first.
Statement 58 (line 230) opens the input file and if an error 1is encountered,
control will go back to Statement 50 (line 194) to get a new input file name.
Lines 237-240 read in the first row of the file, which are the surfacing
Maximum Permissible Tissue Tensions (Surfacing Tensions), into array STNSN.
Nine values are read, even if they are not all used. Lines 245-249 position
the file to the 31st record to get the Units Mode, Stop Depth Increment and
Inert Gas Label. Lines 254~257 read the tissue halftimes and mumber of
tissues from the 32nd record and 1lines 262-265 read the Saturation-
Desaturation Ratios from the 33rd record. Line 269 closes the input file.
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Statement 65 (line 273) displays the data read in from the file on the
terminal and if this is not what was wanted, typing any response but "YES" at
line 278 will cause control to go back to Statement 45 (line 168) to select a
new option. If "YES" 1s entered then the program proceeds to the Variable
Change Procedure.

Variable Change Procedure
(Lines 295 - 335)

As currently written only the 1lst, and 31st-33rd lines of the first
subfile of the Model Parameter Input File are read in. All maximum
permissible tissue tensions at depths below the surface are curreantly
computed using only the first line of the first subfile as starting values.

Lines 298-327 allow changes to be made to the Inert Gas Label, Number of
Tissues, Surfacing Tensions Tisgsue Halftime Values, Saturation-Desaturation
Ratios and the Depth Multiplier (MULTP). (MULTP is used only by Version 1 of
Subroutine MCOMP). Hitting a carriage return after any input 1is requested
will retain the values originally displayed. In line 333 the user 1is asked
if he is done. If more changes are desired or if the changes already made
want to be reviewed, entering any response other than "YES” will transfer
control back to Statement 70 (line 298). Once all changes are finished,
entering a "YES"™ at line 334 will cause the program to drop through to
compute the maximum permissible tissue tensions.

Maximum Permisgsible Tissue Tension Computation Procedure
(Lines 348 - 376)

The DO Loop beginning at line 351 will compute 3 sets of ascent criteria, .
in 10 PSW, 3 MSW and 5 MSW increments. The Surfacing Tensions are put in the V-
first row of the Model Parameter Input File Array (MTABLE) in lines 352 and ‘
353 and the proper value of the Stop Depth Increment and ATMD established in
lines 359-375. The tissue tensions in array MTABLE are always in units of
FSW but the Stop Depth Increments may be in FSW or MSW. ATMD has a value of
either 1.0 or 3.28084 and when multiplied by INCR will always give a depth
increment in FSW. Subroutine MCOMP is called to actually compute the table
of maximum tissue tensions.

File Output Procedure
(Lines 388 ~ 454)

1f option 4 has been selected an existing file will be replaced with a
new one. In lines 392 to 396 the old file is eliminated by Subroutine PURGE
and then a new file with the same name created. The input and output file
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names are set equal to each other in lines 402 and 403 and the output file
opened in line 402. If an error occurs control is transferred back to
Statement 45 (line 168) where a new option may be specified.

Lines 412-453 write out the three subfiles contained in MTABLE to the
output file in the format shown 1in Figures 14 and 15. Line 465 asks if a
printout of the new files is wanted. If a "YES" is entered the file 1is
rewound to the first record and control goes to Statement 175 (line 496) co
print the file out. Any other response causes control to pass to Statement
165 (line 470) where the file 1s closed and control transferred back to the
beginning of the program at Statement 40 (linme 157) to select a new optiomn.

Printout Procedure
(Lines 479 - 531)

Option 1 enters this procedure at Statement L70 (line 484) while all
other options enter the procedure at Statement 175 (line 496). Lines 484~488
open the Option 1 file for input and sets the input file name equal to the
output file name. An error on opening the file passes control to Statement
50 (line 194) to get a new 1input file name. Lines 496-530 read in one
subfile at a time from the specified 1input file and prints each one out
before reading the next one. This was done this way because some of the
earlier Model Parameter Input Files had only one subfile which could then be
read and printed before an end of file is encounted and the program stops.
Since only a very few files had only one subfile it was not deemed necessary
to detect and trap the error but just let the program stop.

Table 2 shows the format for the printout of the first subfile of the
Model Parameter Input File MVALO. The format is identical to that shown 1in
Fig. 16 which was output by MK 15/16 Decompression Model Subroutine RDIN7
with the exception that the Blood Parameters which are not part of the Model
Parameter Input File are not printed by Progam MVALU.

Subroutine MCOMP

There are 3 versions of this subroutine. Version 1.0 was used to compute
the ascent criteria for the current version of the Nitrogen/Oxygen Decompres-
sion Tables and all versions of the Helium/Oxygen Decompression Tables.
These tables will be described in forthcoming reports. Version 2.0 and 2.1
were used to compute the ascent criteria used for the Constant 0.7 ATA
Oxygen Partial Pressure in Nitrogen Decompression Tables which have already
been presented (1).

Version 1.0
(Annex C-2)

This version uses the first row of the Maximum Permissible Tissue Tension
(Surfacing Tensions) as starting values and increments them linearly with
increasing depth. The factor MULTP determines the rate of increase. The
Surfacing Tensions and MULTP must be specified. ATMD will convert values of
INCR given in meters to units of feet.
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TABLE 2

TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS

CMVALO - NITROGEM ) r

|

TISSUE HALF-TIMES

DEPTH S MIN 10 NN 20 MIN 40 MIN 80 MIN 120 MIN
1.00 SDR 1.00 SOR 1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR

10 FSU 104,000 88.000 72.000 $8.000 S2.000 S1.000
20 FS¥ 125.693 107.223 88.3514 71.921 64.738 63,337
30 FSU 148,899 127.312 103.404 8%.920 77 .468 76.049
49 FSUY 172.226 147 .426 122.237 99.812 90.071 88.439
50 FS¥ 195,442 167.413 138.93S 113.9568 102,544 100.596
60 FSW 218,490 187.241 1935.48%5 127.190 114.890 112.328
70 FSuW 241.3%7 206,306 171.99¢ 140.687 127.119 124,345
30 FSW 264, 049 226.41S 188.162 154. 063 139.242 136.7%7
30 FSW 286.574 245.778 204.308 167.343 151.267 148.372
1900 F34 308,942 26%.003 220.336 180.3529 163.202 160.299
110 FSW 331.163 2%4.100 236.2%7 193.608 175,058 171.948
120 FSW 3%3.246 303.079 292.076 206.608 186 .93 183.316
130 FSW 37%.200 321.944 267.801 219.532 198,536 195.016
140 FSW 397.033 340.703 283.438 232.383 210.174 206 . 431
1S0 F3U 418,732 359.3€7 298.993 24%.16% 221.7%0 217.82%
160 F3UW 440,363 377.9214 314.469 257.383 233.267 229. 141
t70 FSW 461,372 396.413 329.371 270.3539 244 .729 240.402
139 F3y 433.284 414.818 343,204 283.138 2%6. 135 251.612
190 F54 504.605 433,133 360.470 29%.683 267 . 439 262.773

200 FSW £23.838 4%1.378 3735.674 308.173 278.811 273.888 1
210 FS¥ 546,387 469.3549 390.817 320.618 290.079 284,939 |
220 FSW $68.037 487.632 403.903 333.013 301.303 29%.967

230 FSU 589,081 $0%.689 420.934 345.363 312.487 306.97% t
240 F3SY 609.971 823.663 433.912 337.669 323.631 317.924 /

2%0 FSW 630.320 S541.576 450.839 369 .934 334.737 328.937
260 FSu 651.80c S59.434 463.718 382.159 345.808 339.713
70 F3uW 872.319 877.230 480.550 394,345 356.843 350,588
280 F3U 692.973 $94.97% 495,337 406 . 45T 367.844 361.364
290 FSW ?13.%567 612.668 S10.081 419.608 378.313 372.141
300 Fs¥ 734.101 630.310 524 .782 430.687 389.7931 382.888




Version 2.0
(Annex C-3)

This version of Subroutine MCOMP was used to compute the ascent criteria
in the Model Parameter Input Files MVALlL, MVAL2, and MVAL3 of reference (1).
The relationship used to compute the maximum tensions shown in line 10 of
Annex C-3 was originally presented by Dwyer in reference (2). There is one
slight difference, however, 1in that Dwyer's calculation assumed 1002 Nitro-
gen. The maximum tensions thus computed were later multiplied by 0.79 by
Workman (3) to get his table of M-values (Appendix E of reference (3)) for
computing air tables. The relationship presented here does this in one step.
Table 2 shows the Table of Maximum Permissible Tissue Tensions computed by
this version of MCOMP using the Surfacing Tensions as presented in Appendix E
of reference (3). The agreement between Table 2 and Appendix E of reference
(3) 18 quite good, the small differences probably being due to rounding
errors done during the computation of the values in Appendix E of reference

7

i Program Description

Version 2.0 of Subroutine MCOMP uses a Newton-Raphson iteration to solve
the equation given in line 10 for M and by setting IPRNT equal to “ 1" in
line 88 all iteration variables will be printed. In this case, IPRNT was set
to "0" so iteration values will not be printed uless convergence does not
occur in 10 iterations. The nitrogen fraction is set to .79 in line 92, The
DO Loops beginning at lines 97 and 98 will compute maximum tensions for 9
compartments at 30 depth increments. The surfacing ratio is computed in line
107. The Newton—Raphson iteration from lines 114-174 is basically the same
as discussed with Subroutine UPDT7 go 1its function will not be covered in 1
detail here. T represents the trial wmaximum tensions and the initial
estimate given in line 123 is simply the depth ratio of the previous maximum
tension times the new nitrogen tension. The depth ratio R is computed at
Statement 230 (line 124) which is where the iteration reenters with its
successive estimates of T. The Newton-Raphson null variable Y is the
difference between the right and left sides of the equation given in 1line 10 |
and DY is 1its first derivitive. After the iteration has finished, the
appropriate element in MTABLE is set to the final value of T in line 174,

Version 2.1
(Annex C=4)

This version of MCOMP was used to compute the MVALS ascent criteria and
the rationale behind the computation 1is given in reference (1). The
computation is straight-forward, the Maximum Permissible Tissue Tension being
given in Annex C-4 by line 57 for depths less than or equal to 80 FSW and by
line 58 for depths greater than 80 FSW.
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Ascent Criteria

Printouts of the ascent criteria for all the Model Parameter Input Files
actually tested during development of the MK 15/16 Decompression Model are
given in Annexes C-5, C-6 and C-7. The files used for schedule development
using nitrogen as a diluent are MVAL i, 2, and 3 (Annex C-6) and MVAL 5, 83,
92 and 94 (Annex C-7) which were all used with the E~E Version (Version 2) of
Subroutines UPDT7 and STIM7, and VVALOY9, 14 and 18 (Annex C-5) which were
used with the E-L Version (Version 1) of these subroutines. All decompres-
sion schedules computed using the E-E Version of the Model had all values in
Common Block BLDVL of Subroutine BLOC7 set to 0.0. The tables computed using
the E-L Version used the values in Subroutine BLOC7 as presented in Annex
B-1. MVAL 1, 2 and 3 were computed by Program MVALU using Version 2.0 of
Subroutine MCOMP. MVALS was computed using Version 2.1 of Subroutine MCOMP.
MVAL 83, 92, and 97 were constructed by modifying individual values in MVALS5
and cannot be directly computed from any set of initial assumptions.

All HVAL files (Annex C-5) and VWAL 09, 14 and 18 were created using
Version 1.0 of Subroutine MCOMP. It should be noted that some of these files
have the same Maximum Permissible Tissue Tensions and differ only in the
oumber of tissues used and/or the Saturation-Desaturation Ratios.

Decoumpression Tables

To date, a complete set of Decompression Tables using MVAL5S have been
published in reference (l1). A complete set of tables using VVAL18 have been
published in Chapter 16 of reference (4) which supercedes those computed
usiig MVALS in reference (l). Reports describing tables computed with other
set> of ascent criteria are forthcoming.

While one can compute any variety of tables using the computer programs
described in this report, it must be again emphasized that the only
conditions under which the MK 15/16 Decompression Model has been tested to
date is using a constant POy of 0.7 ATA in either a Nitrogen or Helium
diluent. The E-L Model at present will not handle large changes in inspired
oxygen tension which makes it unsuitable for computing air tables at present
although this shortcoming 1is being worked out.
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PROGRAM DMDB7
LISTING )




SomBET T=000Ce IS ON CRUCOIZ JZING 00072 BLrS R=Q00U

PRER] FTN4

0032 PROGRAM DMDR7¢3,99)», 26 3EPT 32 YER 1.0

3903 ¢

VRERLE

0oUs ¢ MCGOEL INDEPENDENT DECOMPRESSION PROFILE GENEPRPATOR.

Quug C DECOMFREZSICN MCCEL WKITTEN IN 8 SUBROUTINES

G007 L

gund ACCEPTS PROFILE COQRDINRTE INFUT3 FROM A FROFILE COORDINATE INPUT
0009 FILE AND PRINTS QUT R DECOMPRESSION PROFILE OGN THE LINE PRINTER.
VRV R IR

MOR R z PERERREAPLRRPIRIRGEERRAIAFERIERAEREAR

PEUR I [} '}

EEVE IO @ WRITTEN BY @

Jate O '] ]

e ¢ @ COR EDWARD D. THALMANN «MC)> USN @

2016 ¢ @ @

91T '] @

Ju1ed L @ U.5. NAYY EXPERIMENTAL DIVING @

3313 O @ UNIT 2

Jnzd 2 Q PaNaMa CI1TY,FLORIDA 32407 @

3321 € ? @

902z C [rYocdr e Jel-rle Jele oo delrQeleqelcle Je deded o0 Bede Qoo de 1 Tl o2 Tl v

9023 2

G243  CASnat it Us iRt iR NNl RERS NS RRARERARGRNEREDERERSBUERNBDNBEASRBERNRRANBES
Jjgzs <° A AR A T N R

jugs * YARIABLES

ager o o R W o

DRI

anzs I « YARIARLES AS3QCIATED WITH HEULETT PACKARD RTE 1%-3
RALICSUNEE APER&TING IWCITEM

2031

Ju32 ¢ AaTA “ATA* LABEL

N33 C 3THTIM DESCEWT TIME INCLUDED IN "TIME"™

3034 ¢ CDEFPTH CURRENT DEFTH (FSW Ok MSW>

3035 ¢ CF METRIC CONYERSION FACTOR

2038 ¢ CFSTOP CALCULATE FIRST STOP?

3437 C CNT® POSITION IN MODEL PARAMETER FILE

3033 C CF02 CONSTANT PARTIAL PRESSURE 027

I3y L C3TIME COMPUTE STOP TIMNES®

J04y ¢ b PROFILE DEPTH RRRAY

004y «DRYTIN DATE~TIME ARRAY

3042 C 0C PROFILE 3UB-SEGMENT DEPTH CHANGE (FSW 2R MSW)
0042 ¢ DEPTH NEXT DEPTH (FSW OR MSW>

sgd4a O oFs DEPTH OF FIRST 3TOP (F34W OR MSW:®

0035 ¢ DINC STOP DEPTH INCREMENTS (FSW OR MSW)

904 C DCNE DONE ENTERING CURRENT PROFILE?

3047 FDEPTH FINAL DEPTH FOR ASCENTS (FSW OR MSW)D

0048 N2 CURRENRT INERT GAS FRALTION IN USE

ugay o GRS PROFILE INeRT GAS TEMSION wRRAY

1050 O GA3LBL LABELS GAS TENSION AS "X* OR *ATA"

0081 L GASTIN GAS TENSION YALUE ARRAY

3082 ¢ [ens INERT GASCES) NAME(S)

00S3 C «IPAR LOGICAL UNIT NUMBER ARRAY

20854 IPRT PRINT MODEL PARAMETER INPUT FILE?

Q0SS ¢ +1SES3 DUMMY VARIABLE

3088 4 CURRENT PQOSITION IN DIVE PROFILE ARRAYS
00%? ¢ LB PROFILE COORDINATE INPUT FILE DEVICE NUMRER
wuss 7 LF DEVICE NUMBER FOR LINE PRINTER
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vI83
Jpes
JUEE

R

Joes
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3033
BTN
1¢3S
T
10T
3035
Pl
9t a0
ER N R
FREUP
1193
PR
1108
31386
3197
33 0%
J1 09
M
310
DR S
I3
a1t 4
e
3116
0117

DRI

TP GO OO OGOOCCOLGOOO0GO00O0D0C0

e e e Rk s e e Ny Ne e NN AT N R e R AR e N R Sl » N wiK @ SOC SRS BURCH GO )

UMETER
UNTTS
T

LHST STOP BEFQRE SURFACING™

DEVICE NUMBER FUR TERMINAL

DEPTH AND RARTE INPUTS IN METERS?

ANCTHER® DIVE PRQFILE TG FOLLOW™

HODEL FARRMETER INPUT FILENAME

CAS TENKSION ARRAY SUBSCRIFT

CCMPUTE NO-DECOMPRESSION LIMIT?

DGN-"T COMPUTE OECOMPERSSION STOPS 7

MODEL PROFILE PARAMETER OQUTPUT NOT WANTED?
UPTIGON ARRAY

%" LABEL

CURNENT UKXYGCEN PakTIAL PRESSURE (RTAD
PROGFILE IDENTIFICATION LASEL

DIVE PROFILE RATE ARRRY

RATE OF CURRENT PROFILE SUB~SEGMENT ¢(FSW GR MSW/MIN?Y
ELAFSED TINE DIYE PROFILE RERRAY

TIME CHANGE OF CURRENT FROFILE SUB-SEGMENT <(MIN)
TINE AT CURRENT DEFTH «MIh)

QUTPUT LRBEL FOR PROFILES IN FEET

JUTRUT LRBEL FOR PROFILES IN METERS

DEPTH UNITS SWITCH

DIVE PROFILE ZERC TIME ARRAY

BABRLIABRLEBAARERNVLNBLLBERLBAFRRR AV RVBBRU AR AN AN RALUABBRABAANRUBRRENN

BARANABBRARNNABEBNVNNSRAR LR BHBDIURBARRI NN BEBV AR AN PR IR ENSR NN BRI RNSBBA SRS

8Loc?
UepoT?
FRIPT
3TIm?
NLIN?
RCKD?
RDIN?
INIT?

« MEUL
AND

«FTIME
«PNPAR
«LOGLU
*LUTRU

AR N DT M W R

= SUBROUTINES REQUIRED «

@20 00 N 02 M 0 R R N e

DECOMFRESSION MODEL

INITIALIZES DATA IN COMMON BLOCK

UPDATES MODEL OVER ONE PRCFILE SUB-SEGMENT
COMPUTES DEFTH CF FIRST STOF

COMPUTES STOP TIME AT R GIVEN DEPTH
COMPUTES NG DECOMFRESSION TIME

RECORDS OR OUTPUTS MODEL PARAMETERS

REHDS IN MODEL PARAMETER INPUT FILE
INITIALIZES NODEL

PROGRANM

ETT PACKARD RTE Iv-8 OPERATING SYSTEM SUBROUTINES
FUNCTIONS

GETS DATE AND TIME FROM COMPUTER

PA5SSES LOGICAL UNIT # OF TERMINAL TG PRCGRAM
LGGICAL UNIT # OF TERMIMNAL

LOGICAL UNIT % OF TERMINAL ON ERROR

SRRERANRBURRNBIBRUONBRDEN VU RO AU ANRV SR BB BN BV RBRU RN RS RIREBRBUBUUN SR AGOBUE

MODEL INPUT VARIABLES

THESE ARE THE ONLY “ARIABLES SENT TO THE MODEL SUBROUTINES.
THIS COMMON STATEMENT MUST APPERR IN ALL MODEL SUBRGOUTINES.
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COMMON/MDATA,, TC,DC.CDEPTH,RATE.CPU2,FHZ,POZ,DINC,CF

LOGICAL CPO2,CFSTOP,.CSTIME.DOME,LSTOP, METRIC,NGCSTF NODLIM, BTMTINM
OCUBLE PRECISION UFEET,UMETER

INTEGER CNTR,OPTNC4),UNITS,FROIDC20Y,DAYTIMC 1)

RERL 2TC100)>,TCt00>,DC100>,RC100)>,GASC100>, IGASC3),GARSLBLC100)
DIMENSION GASTINCZ,4),1PAR(S) , MPIF( 3>

DATA ATA, IGAS,IPRT,LP LB/4H ATA, IndH ,0.6,9/

DATA PERCNT,UFEET,UMETER/4H % ,6HFEET ,6HMETERS/

FORMAT(*Y “13A2)

FORMRT(F11.2,F14.2,110,17,F8.2,A4)

FORMAT( 14, " FOOT INCREMENT®)

FIRMATC 14, METER INCREMENT®)

FORMATC4X"ZERO TIME"3X"ELAPSED TIME"3IX"DEPTH"IN"RATE"4X“GAS">
FORMATC(/*FRINT MOLDEL INPUT PARAMETERS ? C1-YES 2=N0> v

VI RN B SRR o}

2z FORMATC 362)

i3 FORMAT( Z0RZD

4 FORMATC /4%, 20A27)

Pt ] FORMATC A, 11,342)

23 FGPMAT( 4%, 1SA2*  DMDB?*)

41 FORMAT( 4%, 3A2, “¢*3A4" 5")

4z FORMATC 4X"PROGRAN DMDB7 USING *12" “A1“SW 3TOPS")

(0 20 200 50 200 300 50 200 300 50 300 500 2000 N S0 UM I T O M 0008 S o S0 N 3 20t 3 30 0 200 0N S0 B 300 00 50 200 ot o 300 0 o0t 200 300 20 4n o0 30 30 S0k ol o o

PROGRAM INITIALIZATION PROCEDURE

4520 00 20 0 O 08 00 2 0T 200 0 AN S0 A 0 A0 AR 3T O 00 000 200 3N o A O KR WU YR VI Yo TR 3 W 0 e R R R A R A AR

LET TIME AND DATE FROM RTE Iv-8 OPERATING SVSTEM INTC “DAYTIM™.

Cr s O T

CALL FTIMEIDAYTIM)

LT BLISH TERMINAL USED FOR PROGRAM CONTROL.

RXake)

LALL RMPARC IPAR )

LU=IPARRCT)

IFCLULLE. 1) LU=LUTRUCLYD
IFCLU.LE. 0) LU=LOGLUCISES)

READ IN NODEL PARAMETER INPUT FILENAME, DEPTH UNITS,ANC STOP
DEFTH INCREMENT FROM PROFILE COORCINATE INPUT FILE DEVICE *L8".

C e O

READ (LB.,22) NPIF
WRITECLU,22) MPIF
READ (LB,#*) UNITS,DINC

IF "UNITS"* NOT 1 THEN DEPTH INPUTS WILL BE IN METERS.

Cve O

METRIC=.FALSE.

IFCUNITS.NE.1)> METRIC=, TRUE.

IFC . NOT .METRIC)> WRITECLU,3> DINC
{F(METRIC)> WMRITECLU,3) DOINC

“CF* CONVERTS METERS TO FEET FOR METRIC INPUTS.

OO0

CF=1.0
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g1
9214
%z:8S
3e1s
dat?
Jaia
9et e
laz0
P
iz
0223
jgl4
g1
9226
0227
bels
92s3
02320
3231
0232
0233
91234
33%
0228
0237
0238

IF<™ETRIC> CFa1.9Q/0.3048

NEK IF MCDEL PARAMETER PRIMTOUT WANTED. IF 1T I3 THEN “I1PRT* WILL
BE : AND DATE,TIME PAGE HEARDER PRINTED. RDIN? RETURNS GAS LARBEL
“IGRS" RFTER READING DATA FROM THE MODEL INPUT PARAMETER FILE.
RDIN? WILL PRINTOUT MOLDEL INPUT PARAMETER FILE IF “1PRT“ IS 1.

OOO00O0

WRITE(LY, )

READILU, »> IPRT

IFCIPRT.EG. 1Y WRITECLP,26) DAYTIM

CALL RDINT(LU,LP MPIF.RETRIC,IGAS, IPRT)

(A E R LT EEEL LRI RS AL E LI LR LEIEIST RSS2 RE R L L2 2yt s ]

END PROGRAM INITIALIZATION PROCEDURE

ALEL EREL EREFEEZSELELLLEELEL LR LD 2L L 2 LRl 22 EEELELEELEY TS T

WA N K A R R A R N A o a0 20 00 N 2 A 000 A o e
PROFILE IMITIALIZATICON PROCEDURE
002000 000 T 020 T O O R 00 000 T MR o R o A SR 00 0 0 3020 0 O 020 0 s e S S
READ IN PROFILE IDENTIFIER.
no READILB, 23> PROID

READ IN INERT GAS FRACTIONS AND PaARTIAL PREZSURES FRCM THE
FROFILE COGROCINATE INPUT DEVICE "LB"

COOOROTNONGOOCCGOCGD 00

READ(LB, %) C((GASTSHC(I,J),I=1,2),J=1,4)

C
[ INITIALIZE LOGICAL YARIABLES COHNTROLLING FIRST STUF AND 3TQP TIME
" FRCCECURES. SET COUNTERS TG t.
c
CESTOP=,FALIE.
C5TINE= , FALSE,
CHTR=!
K=t
[~
C RERD IN INITIALIZATION DEPTH, FIRST NEW DEPTH, AND THE RATE
c THEN SKIP OVER PROFILE COORDIMNATE INPUT AT STATEMENT #210.
c
REAOCLB,»)> CDEPTH,DEPTH,RATE
TIME=). 0
GO0 T0O 211
c
15700 50000 00 0 00 3020 200 20 0200 08 O 0D O 300 R WA SO S0 S T O i R 010 NS 330 TP o e 0 0 00 00 0 5 30 22 o 0 3 a3 O e
[
c ERD PROFILE INITIALIZATION PROCEDURE
c
1540 s he 3 4 0 A e 90 20 20 908 0000 500 S 0 OO MR 0K 20 5 90100 Y008 Mo SN2 S0 3000 SRS ot 3O SN 3 08 5200 3O 0 o0 0t e o 0 3 30 2 o 20 0 2 0 e o 08 o o

c

c

Cammmunm SR A WO I SO0 AR NI S TR R N (1] -
c

[+ PROFILE GENERATION AND UPDATE LOOP
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we3’ ¢

3240 C EXIT LQOP ONLY WMEN "DONE"™ BECOMES TRUE.

Jaa c

QId2  CHBBBGEBATE NN ol 06 40 00 A 0 02 A0 0 U0 ol 0 S 0 o 45 20 0o o0 o o o o 0030 4 0 o0 o o ol e o
0243 O

0cad ¢ READ IN PROFILE SEGMENT TIME,NEXKT DEPTH AND RATE COORDINATES. !
345 C

2246 210 RERDILB,») TINE,DEPTH,RATE

N247 C

bced  C GIVE “RATE" PROPER SIGN.

0249 ¢

3256 21 RATE=AGS(RATE >

izs IFCDEPTH.LT.CDEFTH) RATE=~RATE i
9252 ¢

1283 ¢ READ IN OPTIONS AND GAS TENSIGN SUBSCRIPT, INITIALIZE GPTIONS.
124 C

q12ss READCLB,253 OPTN(1),NGRS,COPTNC D>, [=2,4)

2%3 NODSTP=.FALSE .

12T7 LSTOF=,FALSE.

028 DONE=.FALSE. ]
aczs eTMTIM= , FALSE.

02ED NODL IM= ,FALSE .

128t £

262 C FIRST OPTION MUST ALWAYS SPECIFY A GAS TENSION. IF NOT SKIP

0e83 ¢ EXECUTION OF OPTIONS,

veed C

9265 IFCOPTNCY Y. NE. tHF .AND. OPTNC( 1. NE.IMP)> L0 TO 298 l
a268 C

n2ey € 3ET UP GAS TEMSIONS SPECIFIED BY “GPTN(1)" AND "NGAS". !
t2e3 C

D2ET IFCOPTRCY ). EG . 1HP)Y CFQZ=,  TRUE.

3270 IFCOPTNC 1) . EQ . 1HFY  C®PT= Z3L T,

1271 IFC . NOT . CPO2) FHN2=CASTSMNC(1,NGAS)

Ja? IF(CPO2) PO2aGASTSNC2,NGAS)

22?73 ¢

02?74 EXECUTE REST OF OPTIONS.

02¥s ¢

0276 D0 214 I=2,4

0277 IFCOPTNCID).EQ.2HLS) L3TOP=.TRUE.

a7 IFCOPTNCI ), EQ.2HTK) BTMTIM=,TRUE.

[V Podr IFCOPTNCI).EG.2HND)» NODLIM=, TRUE.

3280 IFCNOPTNC1).EQ.2HFN) DONE=.TRUE.

0231 IFCOFTNCI ). EG.2HDX> NOD3TP=.TRUE.

09282 214 CONTINUE

0283 ¢

0234 INITIALIZE MODEL PARAMETERS FIRST TIME THROUGH.

023 C

0286 216 IF(K.EQ.1)> CALL INIT?

0237 C

02838 < ASCENTS ALWAYS CARUSE CHECK TO SEE IF DECOMPRESSION STOPS NEEDED.
028% "CF3TOP" SET TO TRUE FOR ALL ASCENTS. IF "NODSTP" 1S TRUE

02%0 C DECOMPRESSION STOPS wILL NOT BE COMPUTED AND ASCENT WILL GO

029t ¢ DIRECTLY TO THE NEXT STOP WITHOUT ANY INTERVENING STOPS,

02%2 ¢

0293 IFCRATE.LT.0.0 .AND. .NOT.NODSTP)> CFSTOP=.TRUE.

0294 C

0238 C IF "BTHMTIM" 18 TRUE THEN "VIME™ INCLUDES DESCENT TIME. SUBTRACT
0296 C DESCENT TIME FROM “TIME"., TIMES LESS THAN 0.0 NOT ALLOWED.

0297 ¢

0258 IF(BTHTIND TIMEsAMAXI((TIME~T(K~1)),0.0)
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9340
0341
(342
0343
0344
0345
3344
0347
0348
6345
0350
038
03%2
0333
03%4
03se
0356
3%7
03%s

OO0

(s e Nyl NOOOODO

oo OO0 NOOO OGO 0OO0O0

0000000

COMPUTE NG-DECOMPRESSION TIME IF “NODLIM* IS TRUE,
IFCNODLIM) CAlLL WUINPCTIME)

RECORD PRCFILE COCRDINATES FOR THE FIRST SUB-SEGMENT.
3TOP TIME COMPUTATION PROCEDURE REENTERS HERE.

DC(K >=CDEPTH

T(K)=TINE

R{XO>=RATE

GASCK >=FN2+100.
GRELBLIK )=PERCNT
IF{CPOR) GASCK)=PQ2
IFCCPU2)> GASLBL(K)=ATA

UPDATE MODEL PARAMETERS TO END OF FIRST SUB-SEGMENT, THEN RECORC.

RATE=(. 0

0C30.90

TC=TIME

CALL UPDT?T

CALL RCRODTCO,CNTR,LP)

IF ASCENDING (“CFSTOP" TRUE) BRANCH TO FIRST STOP DEPTH
COMPUTATIUN PROCEDURE. FIRST STCP FROCEDURE WILL SET "DEPTH* TO
THE DEPTH OF THE FIRST 3TOP AND SET “CSTIME" TG TRUE IF ANY STOPS
NEEDED. FIRST STOP PROCEDURE RETURNS TO NEXT STATEMENT <#230>.
UFDATE “RATE” NOW BECAUSE FIRST STOP PROCEDURE NEEDS IT.

RATE=R(K>
IECTFSTORY GO YO 280

UFPDATE MODEL PARAMETERS TO END OF 3ECOND SUB-SECMENT TMEN RECORD.

DC=DEPTH~-CDEPTH
TC=DC/RATE

CAaLL UpPODTT

CALL RCRD7C(O,CNTR,LP)

RECORD PROFILE COORDINATES FOR SECOND SUB-SEGMENT.

D(K+1 )=DEPTH

T¢K+1 )=TC

R(K+{)=0,0

GRS K+1 )=GASCK)
GASLBL(K+1 »=GASLBL(K)

UPDATE POINTER *X* AND CURRENT DEPTH “CDEPTH" FOR NEXT SEGMENT.

CDEPTH=DEPTH
KsK+2

IF "CSTIME" 1S TRUE BRANCH TO STOP TIME COMPUTATION PROCEDURE.
PROCEDURE CAUSES INPUT FRUM PROFILE COORDINATE INPUT FILE TO

BE SKIPPED AND WILL RETURN TO STATEMENT 220. IF “LSTOP® 1S TRUE
GO TO STOF TIME PROCEDURE TO COMPUTE LAST STOP TIME BEFORE
SURFACING.

IFCCSTIME.GR.LSTOP) GO TO 400

Al-6




— " \

v3i%y ¢

9360 C IF DONE GO TO OUTPUT PROCEDURE. IF NOT GO BACK TO BEGCINNING OF

0331 ¢ LOOP. i
0362 ¢

9363 IFCDGNE> GO TO 300 !
0364 GO TO 10 .

038 :
03%é CHPBR ANV BE NSO SR SR BR BN BW S PN S SIS W B W 2P b 020 2 o0 3 0 e o o 30 2 020 20 0 2 e s W e o :
0367 C :
03ed ¢ END OF PROFILE GERERATION AND UPDATE LGOP ;
9369 C

0370 Cammmme e i s w0 s sl a5 0 WA 00 15 140 00 3000 3200 00000 20 0 a0 06 S0 20 0 30 0 30 M 3 o 0 0 A 1 O 3 0 s o 3 e e

a37! €

1372 ¢

0373 4808 20000 0030 10200 0 MR I 00 20 10 YRR I T 0 00 S 2O 3000 A0S R 1820 200 000 M5 000 00300 200 00 45 20 00 2 240 5 MO0 30 M A0 A0 OO AR 0300 00 e e 3 2

3374 C

937 € FIRST STOP DEPTH COMPUTATION PROCEDURE

0373 C

9377 ¢ 1IF 3TOPS REQUIRED BETWEEN CURRENT DEFTH AND NEAT DESIRED DEPTH

0378 ¢ THIS PROCEDURE SETS “CSTIME™ TG TRUE SO APPROPRIATE STOPS TIMES

9379 € AT PROPER DEPTH INCREMENTS WILL BE COMPUTED., THIS PROCEDURE

0330 € EXECUTES ONLY ONCE FOR EACH ASCENT,

3351 ¢

382 Cannn A8 S S0 050 20 A WO O 100000 A0 M o ST ol SO 0 0 0 0 o 0 e A o oy a0 2 N e S e e e o

1383 C

0384 € SET “FDEPTH® TO “DEPTH" AND COMPUTE DEPTH OF FIRST STOP <DFS3.

9385 C

0386 300 CALL FRSP?¢DFS)

9387 FDEFTH=DEPTH

0388 C

2339 ¢ IF DEPTH OF FIRSY STOP (DFS)> LESS THAN °DEPTH"™ NO STOPS NEEDED.

3330 ¢ HOWEYE®R IF DEPTH IS 0.3 TRERE 13 wibRYs & >TUP At “DINC* EVEN IF

2331 C IT IS 0.0 WHICH IT WILL BE FOR NO-DECOMPRESSION DIVES.

03%2 C

0393 IF(OFS.LE.DEPTH .AND. DEPTH.NE.0.0> GO TO 360

0394 C

9335 SET “C3TIME®™ TRUE 30 3TOP TIMES WILL BE COMPUTED. SET DEPYH TG

8336 C FIRST 3TOP DEPTH <(DFS) OR “DINC" WHICHEYER IS DEEPER.

0397 ¢

2378 DEPTH=aMAX1C¢DFS,DINC)

2393 CSTINE=,TRUE.

9400 O

da0y SET “CFSTOP* TO FALSE S0 WON'T COME BACK UNTIL THE NEXT ASCENT

w402 ¢ OCCURS. THEN GO BACK TO PROFILE GENERATION AND UPDATE LOGP.

04n3

4404 360 CFSTOP= FALSE.

0403 GO TOo 230

043¢ C

0407 ( - e . e -

0408 ¢

040% € END FIRST 3TOP PROCEDURE

G416

0411 Camaimmh o @ ws s e e e L ww

0412 ¢

0413 C

0414 ( -l [T ) e

0413 ¢

0416 ¢ STOP TIME CONPUTATION PROCEDURE

0417 C ‘
tats C COMPUTES STOP TIMES AND THEN DECREMENTS DEPTH BY “DINC® UNTIL

At=-7

L temAe A ra,




cd:19 C NEMT DESIRED DEPTH (FDEPTH) REACHED. AS LONG RS *CSTIME" IS5 TRUE
0429 ¢ THE INPUT FROM THE PROFILE COORDINATE INPUT FILE WILL BE SKIPPED.
0421 € WHEN “FDEPTH" IS REACHED HAVING TAKEN ALL NECES3ARY OECOMPRESSION
0422 C STOPS THEN “C3STINE™ IS 3ET YO FALSE. IF “LSTOP* I35 TRUE THEN COME
0423 C SRACK ONE MCORE TINE TO COMPUTE THE LAST 3TOP TIME BEFORE SURFACING.
0424 C
42T C PROCEDURE ALWAYS RETURNS TO STATEMENT #220. R
04286 C
QDT CoMm i mmon sk o8 M0 G0 78 Mo Mol 900 200 030 35000 650 30000 2 o s 350 20 a0 00 00 00 8 30 3 2 o 48 06 30t als o0 98 2 30 225 40 08 200 o SR 00
0428 C
0429 C IF WITHIN “DINC* OF "FDEPTH" A DIFFERENT PROCEDURE MUST BE USED.
0470 C
047t 400 IF(CCDEPTH-FDEPTH) .LE.DINCY GO TQ 4t¢
0422 €
34T € "TIME™ IS STOP TIME AT *“CDEPTH" BEFUIRE ASCENDING “DINC™,
JuZa C
0478 DEPTH=CDEPTH-DINC
3424 CaLL STIM?<TIME,DEPTH)
0437 C
3423 C RETURN TO PROFILE GENERATION AND UPDATE LOOP.
Jazs C
3449 GO TO 2290
Jadt ¢
jeaz C IF “CSTIME" TRUE WE'RE NOT AT “FDEPTH" YET.
a3 C
Jagda 419 IFCCSTIMEY GO TG 429
334
0ase C AT LAST DEPTH BEFORE SURFACING. SET "FDEPTH" TO THE SURFACE AND
a4y L COMPUTE LR3T STOPTIME. DECREMENT DEPTH BY “DINC" AND SET “CS3TIME"
1443 C TRUE 30 MCDEL PARAMETERS WILL BE RECCRLED EVERY INCREMENT EVEN
tads € THOUGH 3TCF TIMES WILL BE 0.8, "LSTOP* SET TO FALSE BECAUSE UWE
RE L OCHT wainT T30 COME 8HOER AGHIN WHEN SURFRMLE REMCHED,
1481 C
3432 FDEPTH=0.0
0453 CaLL STIM7(TIME, FOEPTH)
04S4 DEPTH=CDEPTH-DINC
645 CSTIME~, TRUE.
04386 LSTOP=,FALSE.
0487 GG To 220
04%5 C
04%3 C LAST STOP TINE COMPUTED. NEXT DEPTH 1S “FDEPTH".
046G C
04s1 420 DEPTH=FDEPTH
g462 CALL STIMFCTIME,FDEPTH)
0463 C
04h4 C SET "CSTIME®™ TO FALSE S0 WON'T COME BACK UNLESS "LSTOP" IS TRUE.
8485 C
34n6 C3TIME=.FALSE.
3467 GO TO 220
0468 C
3469 Cammnm " m
0470 C
047t C END STOP TINE PROCEDURE
0472 C
0473 Cwu W R g W o3k R RN IR N W
0474 C
047 C
0476 Ca - LT T L T T TR o e o R e
0477 C
8473 C PROFILE OUTPUT PROCEDURE
Al-8




0479
0430
3431
0432
0483
054
0483
[IT1-1-3
[(E Eird
0438
Q429
0434
9491
gas2
0433
3494
0498
949¢
9497
0498
0434
0Sdao
2301
0832
uSo3
uZ a4
0%33
9T e
<07
0508
0S99
PEANY]
(1Y
3512
0513
0S14
DR
0816
0S17
T3
0S13
sz

==
—-a

0Sca
0523
0Sz4
032s
9S26
4327
9528
982
9530
31
0522
0333
9834
0838
9536
03527
0838

C
Corat o a4 0 0 S0 2 O A I s o 20 S0 o o G e e o 0 O o 00 0 o o o e e o
c
< COMPUTE ZERO TIME VALUES FROM ELAPSED TIME VYALUES.
[
s00 2T<¢1 =0, 0
DG 510 I=2,K-1
St 2TCII=ETCL=-1)+TCL)
C
o QUTPUT MODEL PROFILE PARAMETERS ? (YES OR NO)
[
READCLB, 22> NOPRNT
c
< QUTPUT DATE, TIME,AND STOP DEPTH INCREMENT HEADER.
c
WRITE(LP, 1) DAYTINM
IF( . NQT .METRIC> WRITE{LP,42) DINC.UFEET
IFCMETRIC) WRITECLP,42)> DINC,UMETER
c
c WRITE QUT PROFILE IDENTIFIER,MODEL PARAMETER INPUT FILENAME AND
c INERT GAS NAME.
c
WRITECLP,41)> MPIF, IGAS
WRITE(LP,24> PROID
WRITE(LP,6)>
[
° WRITE OUT DIVE PROFILE,
Dy
DO 5635 I=1,K-t
563 WRITECLP,2) 2TCI),TCI),0¢I),RCI D, GASC T >, CASLBLCL)
c
[ IF MODEL PARAMETERS NOT WANTED SKIP REST OF OUTPYT ROUTINE.
[

IFCHOPRNT .EQ.2HNG> GO TO 57S
c
s OUTFUT DATE.TIME.AND STOP DEPTH INCREMENT HEADER.
c
WRITECLP, 1) DAYTIN
IFC.NQT .METRIC)> WRITE{LP,42) DINC,UFEET
IFCMETRIC) WRITECLP,42) DINC,UMETER

WRITE QUT PROFILE IDENTIFIER, MCDEL PARAMETER INPUT FILENAME
AND INERT GASCES)> NAME(S),

OoO6

WRITECLP,41) MPIF, IGAS
WRITECLP,24)> PROID

o000

WRITE OUT NODEL PROFILE PARAMETERS.
CALL RCRD?7¢1,CNTR,LP)

IF ANOTHER PROFILE FOLLOWS GO BACK TO PROFILE GENERATION AND
UPDATE LOOP. IF NOT,STOP PROCRAM AFTER FORM FEEDING LINE PRINER.

[L e NN eR o

7S READ<LB,22) MORE
IF(MORE.EQ.2HYE> GO TO 200
WRITECLP, 1)
sSTOP
END
ENDS

A1=9

o




ANNEX A-2

PROGRAM TBLP7
LISTING

’. - -
‘f,\ FRECRING  pyqp BLang

—

~NOT FILagp




“TELPY T=00004 IS ON CRO0012 USING 00122 BLKS R=0000

Qo001 FTN4
udoZ PROGRAM TBLP?7¢(3,99), 26 SEPT 32 YER 1.1
0003 ¢
Juie C
Quis ¢ MUDEL INDEPENDENT DECOMPRESSION TRBLE COMPUTATUION PROGRAM.
000é ¢ OECOMPRESSION MCDEL WRITTEN IN 7 SUBRGUTINES
0087 C
0008 RCCEPTS PROFILE COCRDINATE INPUTS FROM A PROFILE COORDINATE INPUT
ggoe < FILE AND PRINTS OUT DECOMPRESSICON TABLES IN U.S. NAVY FORMAT ON
gg1a ¢ THE LINE PRINTER.
991t ¢
gt2 ¢
IM3 0000 Q9P AR URAQ IR AP REARRFEERA
0d14 C [ ]
J3¢13 © '] URITTEN BY ?
date ¢ ') @
[ @ COR EDWARD D. THALMANN <MC, USN @
;s ¢ '] @
3013 ¢ "] e
00g9 T 9 U.5. NAVYY EXPERIMENTAL DIVING ]
gzt C ] UNIT -]
0022 ¢ '} PANAMA CITY ,FLORIDA 32407 e
0023 ¢ 9 @
0824 C 000009020200 CR00000Q3QRAARA0QAQ
0925 ¢
0928
3027  CHESSASARARBNERRUAS VA AAARAR AR AL SRS KA RB AR RBAB RSN RUVSRURNBBEERBARURAREN S
3825 © o e s ook sty ok Sl
9sz9 £ + "YARIABLES »
3330 ¢ o NN Y M A W
003t C
en32 ¢ * VARIABLES ASSGCIATED WITH HEWLETT PACKARD RTE 1v-8
09033 ¢ QPERATING SYSTENM
03z4 C
003 ¢© ASTIM TOTAL TIME OF ASCENT (MIN)
0036 C BTMaXx MAXINUM PERMISSABLE BOTTOM TIME (MIND
0037 ¢ BTHMTIN DESCENT TIME INCLUDED IN “TIME"?
0038 C CDEPTH CURRENT DEPTH (FSW OR MSW)
0039 L CF METRIC CONYERSION FACTOR
0040 CF3TOP CAL.CULATE FIRST 3TOP?
9041 C CONC OXYGEN TENSION FOR PRINTOUT
0042 T CONLBL OXYGEN TEHSION LABELS FOR PRINTOUT
0043 C CPQ2 CONSTANT PARTIAL PRESSURE 027
0044 C CSTIME COMPUTE STOP TIMES?
00435 C D PROFILE DEPTH ARRAY
0046 C “OAYTIM DATE TINE ARRAY
904" C oc PROFILE 3UB-SECMENT DEPTH CHANGE (FSW OR MSW)
0048 ( DEPTH NEXT DEPTH <(FSW OR MSW)
0049 C OFs DEPTH OF FIRST STOP (FSW OR MSW)>
00S0 C DINC STOP DEPTH INCREMENTS (FSW OR MSU)>
0051 C DONE DONE ENTERING CURRENT PROFILE?
0052 ¢C DSTOPS DEPTHS OF OECOMPRESSION STCPS <(FSW OR MSW)>
oS3 ¢ FDEPTH FINAL DEPTH FOR ASCENTS (FSW OR MSW)
0034 C FN2 CURRENT INERT GAS FRACTION IN USE
nosE ¢ FULBUF “IPRO" BUFFER FULL?
0056 C GAS PROFILE INERT GAS TENSION ARRAY
n0S? C GASTSN GAS TEMNSION YALUE ARRAY
AR-t




UIS3
00%%
00s 0
3061
90862
0063
0084
006%
FITX
0087?
InNés
I
070
347
3972
3C?3
[ Ung ]
aQrs
2576
wu7?
QT8
0s7S
0030
3031
PP
6033
0034
003S
(31
0037
3038
V&S
du30
00671
0022
0923
00634
3035
[ 1Y
U037
0058
9099
J1066
3101
0102
0193
3104
0105
0106
0107
e108
0109
a1t10
a1t
0112
0113
Gtiae
011S
0116
a145?

000000000000 CGO0O000000000GOO0OGO0CO0O0O0G00000000

oO0O0OO00OCOO00OO00

ICHNG
ICONC
1GAS
ILBL
=IPAR
IPRO
IPRT
IRATE
=[SE3
ISTOP

AR RAANABANNUER IR0

SARRBABANNBBNARUNEN

8LoC?
uppT?
FRSP?
STIiN?

BOTTON DEPTH OF PROFILE GRCOUP BEING PRINTED
PQINTS TO PG2 OR FQ2 LABELS IN “CONLSBL"

INERT GASCES)> NAME(S)

POINTS TO UNITS OR SPECIFICATION IN “CONLSBL*
LOGICAL UNIT NUMBER ARRAY

DECOMPRESSION PROFILE ARRAY

PRINT MODEL PARAMETER INPUT FILE®

RATE SPECIFIED ON FIRST PROFILE (FSW OR MSW/MIN)
oUMMY VARIABLE

STOP DEPTH AT CURRENT “IPRO* POSITION (FSW OR MSW>
CURRENT POSITION IN OIVF PROFILE ARRAYS

PROFILE COORDINATE INPUT FILE DEVICE NUMBER
DEVICE NUMBER FOR LINE PRINTER

LAST STOP BEFORE 3SURFACING?

DEVICE NUMBER FOR TERMINAL

MAXIMUM NUMBER OF PRCFILES PER PA(GE.

DEPTH AND RATE INPUTS IN METERS?

DO ANOTHER DIVE PROFILE?

MODEL PARAMETER INPUT FILENAME

GRS TENSION ARRAY, “GASTSN®", SUBSCRIPT

PGINTS TO PROPER STATEMENT NUMBER FOR PRINTOUT
COMPUTE NO-OECOMPRESSION LIMIT>

DON‘T COMPUTE DECOMPERSSION STOPS ?

DON"T RECORD DIVE PROFILE ?

NUMBER OF PROFILES RECORDED IN *IPRO*.

MAXIMUM NUMBER OF STOPS ALLOWED BY PRINTOQUT FORMAT
OPTION -ARRAY

CURRENT OXYGEN PARTIAL PRESSURE (ATA)

FIRST PROFILE TO BE READ IN?

PROFILE IDENTIFICATION LABEL

OIYE PROFILE RATE ARRAY

RATE OF CURRENT PROFILE SUB-SEGMENT (FSW OR MSW/MIN>
ELAPSED TINE DIVE PROFILE ARKAY

TINE CHANGE OF CURRENT PROFILE SUB-SEGMENT (MIND
MAXINUM PERMISSABLE TOTAL DIVE TIME <(MIN)

ASCENT TIME TO FIRST STOP (MIN)

TINE AT CURRENT DEPTH (MIN)

WHOLE MINUTES PORTION OF TIMES

WHOLE SECONDS PORTION QF TIMES

FEET LABEL

DEPTH UNITS LABEL FOR PRINTOUT

METERS LABEL

DEPTH UNITS INDICATOR (1=FSu,2=MSW>

DIVE PROFILE ZERO TINE ARRAY

HSHBNBRHRRA VAR AR BEANAARRAG AU R GGRB AV BREAAR NI RR IV HRNS
SRSARRUABANNARRANARNARANA VAN KRR ARRREBVUAVNA 04 NBER NS
AT S A O S SR MR R W S 0
» SUBROUTINES REQUIRED =
A 0 AR sl S ol o S o oo 0
DECOMPRESSION MODEL
INITIALIZES DATa IN CONMON BLOCK
UPDATES NODEL QVER ONE PROFILE SUB-SEGMENT

CONPUTES DEPTH OF FIRST STOP
COMPUTES STOP TIME AT A GIVEN DEPTH

AR-2




9112
g9
120
Q12
9122
0123
0124
012S
0128
orav
3129
2y
vrIa
VRIE
213a
3133
D134
3138
0138
¢137
U138
8139
0149
2141
0142
0143
0144
0149
0146
3147
0143
0149
0150
0181
0132
01S3
0tSa
015
3156
0157
3158
01359
0160
0161
0162
0163
0164
01635
0166
0167
016&
0163
170
0171
0172
0173
0174
017S
0176
0177

OO0OOOCOGOGOOOOGHOOGO00G0

(g Ryl

44
16
47
48

S0
31
2

sS2

4
S

NLIM? COMPUTES NC DECOMPRESSION TIME
RDIN? READS IN MODEL FARAMETER INPUT FILE
INITT INITIALIZES MODEL

PROGRAM

* MEWLETT PACKARD RTE IV-8 OPERATINGC SYSTEM SUBROUTINES
AND FUNCTIONS.

sFTIME GETS DATE AND TIME FROM COMPUTER

SRMFAR PASSES LOGICAL UNIT # OF TERMINAL TO PROGRARM
sLOGLUY LOGICAL UNIT # OF TERMINAL

sLUTRU LOGICAL UNIT # OF TERMINAL ON ERROR

FAABASSRIANSBAAARRSEARBRABRREBBARUNRA BB BA BBV UINUBIBIBBGAGB B REBNR A SR A

NODEL INPUT PARAMETERS
TH13 IS THE ONLY DATQA TRANSFERRED TO THE MODEL SUBROUTINES.
THIS COMMON STATEMENT MUST APPEAR IN ALL MODEL SUBROUTINES.

COMMON/MDATA/ TC,DC,CDEPTH,RATE,CPO2,FN2,P0O2,DINC,CF

LOGICAL CPO2,CFSTOP,CSTIME,DONE,LSTOP, METRIC,NODSTP,PROFL !, FULBUF
LOGICAL NODLIM, BTMTIM,NORCRD

DOUBLE PRECISION UFEET,UMETER,ULBL

INTEGER IPAR(S),MPIF(3),PROIDC20),DAYTIMCIS)

INTECER DSTOPSC 15),IPROC24,263,0PTNC(4),UNITS

REAL 2T<106),T(100),DC108)>,R(100),GASC 100>, IGASCI)

REAL CONLBL(2,2),GASTSN(2,4>

DATA CONLBL,DSTOPS/4H ATA, 4HZ ,44 P0O2,4H FQ2, 1Sxy/

DRTA IGAS, IPRO, IPRT,LB,LP,MAXPRO/3#4H ,624%0,0,9,6,25/
DATA NPRO,NSTOP,PRQFL!,NORCRD/0,!S, .TRUE., .FALSE ./

DATA UFEET,UMETER/SHFEET ,6HMETERS/

FORMATC 14," FOOT INCREMENT®)

FORMATC I4,* METER INCRENMENT")

FORMATC(/"PRINT MODEL INPUT PARAMETERS 2 ¢1=-YES 2=NO> ¥)
FORMAT( 3A2)

FORMATCAT, I1,3A2)

FORMATS 4%, 1SA2" TBLP?7*)>

FORMATC ™ :“4X, 13A2" TBLP? "3A2" C("RE"HX"/)
FORMATC

w? *4X“DEPTH BTM TM TO"T3I9*DECOMPRESSION STOPS ¢ “Af
*“SWH*Te3“T0TALY/

*° 1 "4X"C"A1"SW) TIM FIRST"T43“STOP TINES C(MIN>"T83
*“ASCNT"/T13 “CM)> STOP"TE3"TIME"/" :“6X,T1I7
“4“(M:SO"II, 1414,2%X,°(M:8)"/)

FORMATC" %)

FORMARTC® :°6X,79"w")

FORMAT("1")

FORMAT(" 1°6X,F4.2,A4" FIXKED"A4" [N "3A4,3IX"DESCENT RATE"I3, t1X, Al
- "PM ASCENT RATE"IS, I1X,A1"PM"/)

FORMATC® :°6X,13,14,13,":",211,33X, 14,14,":1",211)
FORMATC ™ 1"6X,13,14,13,":",211,31X, 2I4,14,":",211)
FORMAT(® :"6X,13,14,13,%:°,211,47X, 3I4,14,":",211)
FORMATC® :76X%,13,14,13,°:%,211,43%, 414,14,":%,211)
FORMATC* :%6X,13,14,13,~:",211,39%, S14,14,":%,211)
FORMATC™ :°6X,13,14,13,":",211,35X, 614,14,%:%,211)>

azg-3
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J17s
173
9130
01§81
2132
0183
0134
0t13s
0198
3T
0133
HAREY
3139
LA
I 'R P
3193
PRARTS
31 3%
1156
3437
91958
g1a%
Ve
020
202
0203
3204
2238
Qz2us
$20?
32us
0239
020
g2t
ve'2
013
914
021s
026
0z v
0213
0213
3220
0221
222
4223
ag24
022%
vz

27
0228
229
0230
0231
0232
0223
9224
0238
0226
0237

S84
c

FORMATC® :46X,13,14,13,":%, 211,318, ?14,14,°:" 211>
FORMATC("® :%6X,13,14,13,":",211,27X, 814,14, ":",21I1)
FORMAT(® Y6X,[3,14,13,%:7,211,23X, 9I14,14,%:",211)
FORMATC® :*6X,13,14,13,%:%,211,19%,1014,14,*:%,2711)
FORMAT(* :%8X,13,14,13,%:"%,211,15X,1114,14,":%,211)>
FORMATC(® :“6X,13,14,13,":%,211,11%X,1214,14,":4,211)
FORMATC" :%6X,13,14,13,:*,211, 7%,1314,14,":",211)
FORMATC" :*6X,13,14,13,":",211, 3X,1414,14,°:*,211>

FORMATC® "6X,13,14,13,%:",2I1, 13,1414,14,":",211>

c AL AR L EL EELE L ELEL LI ELELELL IR ST PRI T 2 i PR YT LY T 1Ty

OOCOOO0CC

OO0

GO0 OO0 OO0

o000 00

o000

PROGRAM INITIALIZATION PROCEDURE

LR B R LR R AL AT RS LRSS A LR ERER LR R PR PEPEIEL T R Y 2

GET TIME AND DATE FROM RTE IV-~B OPERATING 3YSTEM INTO "DaAYTIMm~.
CALL FTIMECDAYTIM)
ESTABLISH TERMINAL USED FOR PROGRAM CONTROL.

CALL RMPRR(¢ IPAR)

LUSIPARC Y

IFCLU.LE.1)> LU=LUTRWLUYD
IFCLU.LE.0) LUWLOGLUC ISES)

READ IN MODEL PARAMETER INPUT FILE NANE, DEPTM UNITS, AND STOP
DEPTH INCREMENT FRON PROFILE COORDINATE INPUT FILE DEVICE *LB".

RESD LB, 22) MPIF
WRITECLY, 22> MPIF
RERD (LB.®) UNITS,DINC

IF "UNITS®™ NOT 1 THEN DEPTH INPUT WILL BE IN METERS.

METRIC= . FALSE.

IF(UNITS.NE. 1) MNETRIC=.TRUE.

IFC  NOT METRIC)Y WRITECLY.3) DINC
IF(METRIC) WRITECLU,S3)> DINC

"CF" CONWERTS METERS TO FEET FOR METRIC INPUTS.

CF=1.0
IF(METRIC> CF=1,0/0.3048

ASK IF MODEL PARAMETER PRINTOUT WANTED. IF IT I3 THEN "IPRT™ WILL
BE ! aND DATE,TIME FAGE HEADER PRINTED. RDIN? RETURNS GAS LABEL
“IGAS" AFTER READING DATA FROM THE MODEL INPUT PARAMETER FILE.
ROIN7 WILL PRINTOUT MODEL INPUT PARAMETER FILE IF "IPRT" IS 1.

WRITE{LU,9)

READCLUY, #> IPRT

IFCIPRT.E@.1)> WRITECLP,26) DAYTINM

CALL RDIN7<LU,LP,.MPIF, METRIC, 1GAS, IPRT)

COMPUTE SYOP DEPTHS FOR LATER TABLE PRINTOUTS.

DSTOPS( 1 yasNSTOP=OINC




]

3z33
J&39
dzag
0z«
deas
Q243
i24ad
N24s
0246
0247
ug4n
azd9
250
0cs
Jese
1zs3
32T
J2<S8
Jz%8
Q287
t2Ts
0259
3260
P51
ie6a
0263
Jcé4
92s8S
dzso
nzer
9263
2263
12738
32?71
ja7e
2?3
1274
0e7s
0278
wz??
avs
0279
0230
281
0282
0233
0234
0235
02586
0cav
n2ag
0239
g23¢0
0231
0292
0293
0294
029%
0296
0237

CrCr Oy ~

COOOGOOMOGOCOOOGOGO000000

OO0

I

OO0 00

DOOCO0OOO0

<«
<

D0 100 I=2 NSTOP
DSTOPS I)=DESTNRSCI-1)1=-DINC

SET VALUES FOR MAXIMUM TOUTAL DIVE AND BOTTCM TIMES.

BTMAX=365.
TOTMAX=180.0

LEE L LR LA EE R LY B2 L LR R BRI R LA ST RIS TR PRt s Y Py

END PROGRAM INITIALIZATION

(AL ERREELELLEERELEER LI AL AL LR IR LEL LI ARt ERIESELEEEL T ST ]

R ELE R RIS L i R Rl L E RS R LR RS RS ELELELER LRl R R Y LY

PROFILE INITIALIZATION PROCEDURE

EEEL EREL L EL L 2SR ELE LRI RL RS SRS R ELELEIELFS LT LY Y ST

(1]

SKIP PROFILE IDENTIFIER, NOT MEEDED.
RERDC LB

READ IN INERT GAS FRACTIONS AKD PARTIAL PRESSURES FROM THE PROFILE
COORDINATE INPUT DEVICE “LB" ON THE FIRST FROFILE ONLY. SPRCE FR3T
THIS INPUT ON ALL OTHER PROFILES. “PROFL1" SET TRUE IN DATA
STATENENT.,

IFIPROFLY Y READILB, Y ((GASTINCI,J),1=21,2),d=1,4)
IFC . NOT . PROFLY! » READ(LBD

INITIALIZE LOGICAL YARIABLES CONTROLLING FIRST 3TOP AND STGP TIME
PROCEDURES. SET PROFILE ARRAY 3UBSCRIPT 70 1.

CFSTOP=.FALSE.
CSTIME= . FALSE.
Kay

READ IN INITIALIZATION DEPTH, FIRST NEW DEPTH, AND THE RATE THEN
SKIP OYVER THE PROFILE COORDINATE INPUT AT STATEMENT #210. THE RATE
SPECIFIED HMERE WILL BE USED FOR ALL SUBSEGQUENT PROFILES. “PROFL!“
SET TO FALSE AND NO FURTHER RATES WILL BE ASSIGNED TO “IRATE"
UNLE3S THE PROGRAM IS RESTARTED.

READ(LB,»> CDEPTH,DEPTH,RATE
TIME=0.0

IF(PROFL1 ) IRATE=RATE
PROFL1= . FALSE.

GO TO 211
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END PROFILE INITIALIZATION PROCEDURE
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0293
0299
03090
0301t
0392
03403
0304
0308
0306
8397
0338
0319
0310
03¢
9312
9313
0314
0318
0318
0317
318
03135
9320
9321
bk P+
0323
0324
0323
0326
032?
2328
4329
3330
0331t
9332
9333
0334
033s
0336
0337
0338
0339
0340
0341
0342
0343
0344
0343
0346
4347
0348
0349
0330
0331
0382
03353
0334
933S
03%6
03s8?

PROFILE GENERATION AND UPORTE LOOP
EXIT LOOP ONLY WHEN “DONE™ BECOMES TRUE.

-
(-]

GO0 000 NOOO O00ONDODODOOOOOOD

OO0 0OOOGO

000

READ TINE AND NEXT DEPTH COORDINATES ONLY, 1GNORE RATE.

RERDCLB,»)> TINE,DEPTH

“RATE™ ALWAYS SET TO "IRATE" WUMICH UAS SPECIFIED IN FIRST PROFILE.
RATEsIRATE

GIVE RATE PROPER SIGN.

RATE=ABSCRATE)
IFCDEPTH.LT.COEPTH) RATE=-RATE

READ IN OPTIONS AND GAS TENSION RRRAY SUBSCRIPT.
READC(LB, 22> OPTNC1),NCGAS,COPTNC 1), 122,4)
INITIALIZE VARIABLES SET BY OPTIONS.

NODSTP= ., FALSE.
LSTOP= . .FaLSE.
DONE=.FALSE.
BTNTIN= FaLSE.
NODL IM= . FALSE.

FIRST OPTION MUST ALWAYS SPECIFY A GAS TENSJION. IF IT DOESN‘'T THEN
SKIP EXECUTION OF OPTIONS.

IFCOPTNC1).NE. 1HP . AND. OPTNC1).NE.1HF) GO TO 216
SET UP GAS TENSIONS SPECIFIED BY “OPTNC1)" AND °NGAS*®.

IFCOPTNC 1).EQ.1HP) CPO2=.TRUE.
IFCOPTNC 1).EQ. tHF) CPO2=.FALSE.
IFC . NOT.CPO2) FN2sGCASTSNC ! ,NGAS)
IFCCPO2) PO2=GASTSNC2,NGAS)

EXECUTE REST OF OPTIONS.

DO 214 1Is=t.4

IFCOPTNC1).8Q.2HLS) LSTOP=,.TRUE.
IFCOPTNC1).EQ.2HTX)Y BTHTIN=,TRUE.
IFCOPTNC 1).EQ. 2HND> NODLIN=.TRUE.
IFCOPTNC1).EQ.2HFN> DONE=.TRUE.
IFCOPTNCI).EQ.2HDX) NODSTP=,TRUE.
CONTINUE

INITIALIZE MODEL PARAMETERS FIRST TINE THROUGH
IFCK.EQ.1> CALL INIT? -

ASCENTS ALUAYS CAUSE CHECK TO- SEE IF DECOMPRESSION STOPS NEEDED,
"CFSTOP" SET TO TRUE FOR ALL ASCENTS. IF “NODSTP" IS TRUE

A2-6




03ss
03%9
0360
036
0362
0363
0364
0363
0366
0367
0268
0389
0370
0371
9372
83?3
9374
I3I?S
u37e
3?7
0378
379
0380
2331
0382
0383
0384
0385
0336
0347
09388
389
9390
0391
0392
0333
8394
835%
9356
0397
0398
0399
e 09
d4 01
0402
0403
0404
040S
04906
0407
0408
0409
0410
0411
0412
0413
0414
041s
0416
0a1?

OCOOO0O000 OO06G6 O00

NOODOORODOOOO
N -
o ]

OO0 OO0 o060

NOOO

o000

"T(K+1 >uTC

DECOMPRESSION STOPS WILL NOT BE COMFUTED AND ASCENT WILL &0
DIRECTLY TO THE NEXY DEPTH WITHGUT ANY INTERVENING STOPS.

IFCCRATE.LT.0.05.AND.C .NOT . NODSTP)>> CFSTOPa.TRUE.

IF "OTMTIN® 1S TRUE THEN “TIME® INCLUDES DESCENT TIME. SUBTRACT
DESCENT TIME FROM “TIME". TIMES LESS THAN 0.0 NOT ALLOWED.

IFCBTHTIND TIMEsAMAXIC(TIME-T(K~1)),0.0)

COMPUTE NO-DECOMPRESSION TIME IF °"NODLIN" IS TRUE. ADD NO-D TIME
CMINIMUM VALUE .99) TO DESCENT TINE, TRUNCATE AND SUBTRACT DESCENT
TINE CRESULT WILL NOT BE LESS THAN ROUNDED UP DESCENT TIME)>., THIS
ENSUKES THAT BOTTON TIME (SUM OF DESCENT TIME AND TIME AT DEPTH)
WILL ALYAYS BE IN WHOLE MINUTES. DON'T EXCEED MAXIMUM BOTTOM TIME.

IFC.NOT.NODLIM) GO TO 219

CALL NLIMZCTINE)

IFCCTINESTK(K=1)).GT.BTHAX) TINE=@THAX-T(K~1)
TIME=AINTC(AMAXICTINE, 0.99 24 T(K~1))=TKK-1)

RDD 0.001 TO “TINE" TO TAKE CARE OF POTENTIAL ROUNDOFF ERROR WHMEN
THE DESCENT TIME aND TINE AT DEPTH ARE ADDED DURING ZERO TIME
COMPUTATION IN THE PROFILE RECORDING PROCEDURE.

TIME=TINE+0, 001

RECORD PROFILE COORDINATES FOR FIRST SUB-3EGMENT.
STOP TINE COMPUTATION PROCEDURE REENTERS HERE.

OC(K )=COEPTH
TCKI=TINE
RCK I=RATE

UPDATE MODEL PARANETERS TO END OF FIRST SUB~SEGNENT,THEN RECORD.

RATE=0.0

0C=90.0 '
TC=TIME
CALL UPDT?

IF ASCENDING (“CFSTOP" TRUE)> BRANCH TO FIRST STOP DEPTH {
COMPUTATION PROCEDURE. FIRST 3TOP PROCEDURE VILL SET “DEPTH® TO

THE DEPTH QF THE FIRST STOP AND SET °*CSTIME" TO TRUE IF STOPS
NEEDED. FIRST STOP PROCEDURE RETURNS TO NEXT STATENENT (8#230)>.
UPDATE “RATE® NOV BECAUSE FIRST STOP PROCEDURE MEEDS IT.

RATE=R(K) !
IFCCFSTOPY GO TO 300

UPDATE MODEL PARANETERS TO END OF SECOND SUB-SEGNMENT THEN RECORD.
OC=DEPTH-COEPTH

TC=DC/RATE
CALL UPDT?

RECORD PROFILE COORDINATES FOR SECOND SUB-SEGMENT.
D(K+1 >=DEPTH
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04198
419
0420
0429
0422
0423
0424
0428
0426
0427
0428
0429
0430
0431

0432
0433
0434
0432
0436
0437
0438
0439
0440
0441

0e4z
0443
0444
044S
0446
0447
0448
3449
04S0o
0451

0482
04583
[T
04SS
04386
0437
0458
04255
0460
G461

0462
0463
0464
0463
0466
0467
0468
0469
0470
0471

0472
0473
0474
0473
0476
0477

[r XX el

OO OCOO0O00

R(Ke{)mg.0
UPDATE PUINTER °*K" AND CURRENT DEPTH “CDEPTH" FOR NEXT SEGMENT.

CDEPTH=DEPTH
KaKe2

IF “CSTIME” 18 TRUE BRANCH TO STOP TIME COMPUTATION PROCEDURE.
PROCEDURE CARUSES INPUT FROM PROFILE COORDINATE INPUT FILE TO
SE SKIPPED AND WILL RETURN TO STATEMENT #220. IF "LSTOP" 1S
TRUE BRANCH TO COMPUTE LAST STOP TIME BEFORE SURFACING.
IFCCSTIME.OR.LSTOP) GO TO 400

IF DONE GO YO OUTPUT PROCEDURE. IF NOT GO TO BEGINMNING OF LOOP.

IFCDONE,> GO TO 300
GO TC 210

END OF PROFILE GENERATION AND UPDATE LOOP

FIRST STOP DEPTH COMNPUTATION PROCEDURE

IF STOPS REQRUIRED BETWEEN CURRENT DEPTH AND NEXT DESINED DEPTH
THIS PROCEDURE SETS “CSTIME® TO TRUE SO APPROPRIATE STOPS TIMES
AT PROPER DEPTH IMCREMENTS WILL OE COMPUTED. THIS PROCEDURE
EXECUTES ONLY ONCE FOR EACM ASCENT.

OO0 OODOO0 WOoOOOODOOHDOOO0O0DO0O0OO0O000

0 HOOOO
[ 3
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SET "FDEPTH®™ TO “DEPTH® AND COWPUTE DEPTH OF FIRST STOP <DFS).

CALL FRSPT(OFS)>
FORPTHaDEPTH

IF DEPTH OF FIRST 3TOP <DFS) LESS THAN "OEPTH® NO STOPS NEEDED.
HOWEYER IF DEPTH 15 0.0 THERE IS ALUAYS A STOP AT "DINC" EVEN IF
IT 18 0.0 WHICH 1T WILL BE FOR NO~DECOMPRESSION OIVES.

IFCOFS.LE.DEPTH .AND. OEPTH.NE.0.0) GO TO 3¢0

SET "CSTIME" TRUE €0 STOP TINES WILL BE COMPUTED. SET DEPTN TO
FIRST STOP DEPTH <DFS)> OR °"DINC" WNICHEVER IS8 DEEPER.

DEPTHeANAX1{DFS,DINC)
CSTINE=.TRUE.

SET "CFSTOP® TO FALSE S0 UON'T COME BACK UNTIL TNE NEXT ASCENT
OCCURS., THEN GO SACK TO PROFILE GENERATION AND UPDATE LOOP,

CFSTOP=,FALSE.
GO TO 23¢




0473
04793
0480
0481

0482
0433
0454
048S
0486
0437
0488
0439
0450
049y

0492
0493
0494
0d9S
0496
0457
0498
0499
0300
0501

1502
0503
0504
0508
0506
0307
2S03
0309
0310
0S11

0512
0513
0514
03513
03816
oSV
0S18
038319
0820
03s21

0322
0323
0524
0323
0526
0527
0828
0329
053¢0
0331
0332
0333
0334
0333
0336
033?

END FIRST 8TOP PROCEDURE

n LT
STOP TIME COMPUTATION PROCEDURE

COMPUTES STOP TIMES AND THEN DECREMENTS DEPTH 8Y “DINC® UNTIL
NEXT DESIRED DEPTH (FDEPTH)> REACHED. AS LONG AS “CSTINME"™ IS TRUE
THE INPUT FROM THE PROFILE COORDINATE INPUT FILE WILL BE SKIPPED.
UHEN “FDEPTH" IS8 REACHED MAVING TAKEN ALL NECESSARY DECOMPRESSION
STOPS THEN “CSTIME"™ 1S SET TO FALSE. IF “LSTOP" 1§ TRUE THEM COME
BACK ONE MORE TIME TO COMPUTE THE LAST STOP TIME BEFORE SURFACING.

PROCEDURE ALUAYS RETURNS TO STATEMENT 8220

O0O00OADODOOONDEOOOODOOOGOOOOOOOGOO0
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IF UITHIN “OINC* OF “FDEPTH" A DIFFERENT PROCEDURE MUST BE USED.
IFCCCOEPTH-FOEPTH).LE.DINC) GO TO 410

“TINE" IS STOP TINE AT “CDEPTH" BEFORE ASCENDING "DINC". GO ROUND.
OFF TINE BEFORE RETURNING TO PROFILE CENERATION AND UPDATE LOOP,

DEPTH=CODEPTH-DINC
CALL STIN7C¢CTIME,OEPTH)
GO TQO «440

IF “CSTIME® TRUE THEN VE'RE NOT AT °FDEPTH" YET.
IF(CSTINE> GO TO 420

AT LAST DEPTH BEFORE SURFACING. SET "FDEPTH®" TO THNE SURFACE AND
COMPUTE LAST 3TOP TIME, SET “"LSTOP" TO FALSE 80 WON'T COME BACK
AGAIN WHEN SURFACE REACHED. "CSTINE" SET TO TRUE SO 0.0 MIN STOP
TINES UILL BE RECORDED FOR LATER OUTPUT. "DEPTH" DECREMENTED TO
NEXT SHALLOVER STOP DEPTH.

FDEPTH=0. 0

CalL STIN?C(TINE, FOEPTH)

DEPTH=CDEPTH=-DINC

CSTINE=.TRUE.

LSTOP=, FALSE,

GO TO 440

LAST STOPTINE COMPUTED. LAST DEPTH 18 °“FDEPTH".

DEP TH=FDEPTH
CALL STIN?(TINE, FOEPTH)

LAST TINE THROUGH, SET °CSTINE® TO FALSE S0 UON°'T CORE BACK AGAIN.
CSTINE=.FALSE.
ROUKND UP STOP TINE TO NEAREST 0.9 MINUTES. MININUM TIME §f MIN. FOR
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0338
0S39
0340
0541

0342
0343
0344
0543
0546
9547
0548
0549
550
0SSt

83352
93s3
0534
58S
836
4337
838
3859
0560
2861

0562
03563
0564
0363
0566
67
piEX
0S59
0379
0571

0572
03?3
0574
0S7S
8?6
0S77
0578
0879
0880
0381

0582
0s83
0S84
0383
0386
0397
03688
0589
03590
0391
0392
0593
0394
0393

0S9?

SO0
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NON-ZERG STGP TINES.

IFCTINE.GT.0.0> TIME=MAXICC(TIME+0.9),1.0)
RETURN TO PROFILE GENERATION AND UPDATE LOOP.
GO To 220

END STOP TIME PROCEDURE

PROFILE RECORDING PROCEDURE

RECORDS PROFILES IN ARRAY “IPRO® FOR LATER PRINTOUT IN U.S. Navy
FORMAT, “IPRO™ HOLDS °"MAXPRO" PROFILES AND WHEN IT IS FULL THE
PROGRAM - BRANCHES TG THE PRINTOUT PROCEDURE TO PRINT A PAGE OF
TABLES.

WBOOOOOOOOOOO00O0ODOOO0OLOOOO0 OO0

000
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313
[~

OoO0O000n

IF FIRST STOP DEPTH GREATER THAN THAT ALLOUWED 8Y OUTPUT FORMAT
RECORDING PROCEDURE. IF NOT DECREMENT °“K" TO GET TO LAST POSITION
RECORDED IN PROFILE ARRAY.

IFZINTCDC6)>5.87.08TOPS(3)3) GO TO %60
K=K~

COMPUTE ZERC TIME VALUES FROM ELAPSED TIME VALUES.

2T¢1)=90.0
DO S10 I=2,K
ZTCIIN2TCI=1)+TCI)

IF TOTaL OIVE TIMNE EXCEEDS MAXINUM, SET "NORCRD” TO TRUE. aLlL
SUBSEQUENT PROFILES WHERE MAXIMUM TINE EXCEEDED WILL NOT SE
RECORDED .

IFCZTKK).LE.TOTMAR) GO TO St3
IFCNORCRD)Y GO TO 360
NORCRD=. TRUE .

G0 TO 318

NORCRD= , FALSE.

ALUAYS RECORD FIRST PROFILE COMPUTED BY THE PROGRAR (NPRO=0) AND
PROFILES WHERE THE DIVE DEPTH 1S OLIFFERENT FROM THE PREVIOUS ONE.

IF(NPRO.EQ.0> GO TC S20
IPCINTCOCS ) ) . NE. IPROC Y ,NPROY) GO YO 320

00 NOT RECORD PROFILES - IF THE DOTTON TIME IS LESS THAN OR EQUAL TO
THAT OF THE PREVIOUSLY RECORDED PROFILE. OTHERVISE RECORD alLlL
PROFILES REQUIRING DECONPRESSION STOPS.

IFCINTCZITCS ). LE.IPROC2,NPRO))> GO TO 360
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0998
0S99
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0647
0648
0649
0630
06S1
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IFCD¢?).CT.DINC .OR. T(7).NE.0.0) GO TO S20

OVERURITE PREVIOUSLY RECORDED NO-D PROFILES UNTIL FIRST
DECOMPRESSION PROFILE ENCOUNTERED. DON‘T INCREMENT “NPRO" YET.

GO TO 340
EVERY RECORDED PROFILE INCREMENTS *NPRO" UNTIL “IPRO" FULL
NPRO=NPRO+{

COMPUTE ASCENT TINE CASTIM), ROUND TO NEARESY SECOND, RECORD
MINUTES, TENS AND UNITS OF SECONDS SEPERATELY INTO ARRAY *1PRO".

ASTIN=ZIT(K)=-2T(S)+¢ .5/60.)

THINSINTCASTIND

TSEC=CASTIN-TNIN)=60.

IPROCNSTOP+6, NPRO )= TRIN

IPROCNSTOP+7,NPRO >aTSEC/10.0
IPROCNSTOP+@, NPRO )= INTC TSEC >=IPROCNSTOP+? ,NPRO =10

COMPUTE TIME TO THE FIRST STOP (TFS) WHICH WILL €OUAL “ASTIM® FOR
NO-D DIVES. ROUND OFF AND RECORD THE SAME AS FOR “ASTIN® ABOVE.

TFS=T(6)4¢ .5/60.)

IFCINTCTC?7).EQ. 0 .AND. DC6).EQ.DINC) TFSeaSTIN
THIN=INTC TS

TSECa< TFS-THIN)*60.

IPROC3, NPRO >=THIN

IPROC 4, NPRO>=TSEC./10.

IPROCS, NPRO >= INTC TSEC )= IPROC 4, NPRO Y1 0

RECORD DEPTH OF DIVE AND SOTTOM TINE INTG *IPRO*.

IPROC 1, NPRO Y= 3D
IPROC 2, NPRO I=2T(3)

*1J" POINTS TO POSITION OF THE FIRST STOP IN “IPRO® AND “D(é)>" IS
THE DEPTH OF THE FIRST STOP.

1J=NSTOP+6~INT(DC6)/DINC)
THE NUMBER OF STOPS 18 STORED IN THE LAST POSITION IN “IPRO".
IPROCNSTOP+9, NPRO )= INTC(DX 6 )/DINC)

*18TOP® INITIALLY SET YO OEPTH OF FIRST STOP IN PROFILE DEPTH
ARRAY *D®, “NK" POINTS TO DEPTH OF STOP RECORDED IN ARRAY “IPRO".

=6
ISTOP=INTCDC(E))

RECORD STOP TIMES INTO "IPRO". "NK+1"® POINTS TO ARRAY POSITION
CONTAINING STOP TINME.

00 358 [=1J,NSTOP+S
IPROC T, NPRO OB IPROC I, NPRO D+ TCNK+1 )
NKaNK+2

IF THE NEXT RECORDED DEPTH I8 STILL THE SANE AS "1STOP" ADD THE

A=t
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9633
0639
0669
0661
0662
0663
0664
0663
0666
0687
0668
1669
0670
0671t
0672
1673
3674
067%
0676
a6?77?
0673
0679
0630
0681
0682
0633
0634
063S
0636
0687
0639
0639
8690
0691
0692
0693
0634
0693
0696
0637
0698
639
0700
0701
0702
0703
0704
0708
0706
0707
o708
0709
0710
0711
0712
0713
0714
0?13
[ 141
0717
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ST0P TINE TO THE STOP TINE ALREADY RECORDED IN “IPRO".

IFCINTCOCNK Y)Y . EQ.ISTOP)Y GO TO 545
ISTOP=ISTOP-DINC

SPACE PAST THE NEXT RECORD WMICH IS NOT NEEDED FOR THIS PROGRAM.

THIS MAINTAINS INPUT FILE COPMPATIBILITY WITM PROGRAM DMDB7. READ

IN YALUE OF “MORE"™ (YES OR NO)> TO SPECIFY IF ANOTHER PROFILE WILL
FOLLOUW.

READ(LB)
READ(LE.22) MORE

IF *IPRO~ BUFFER FULL SET *FULBUF® TO TRUE AND PRINTOUT A PAGE OF
TRBLES BEFORE CONTINUING.

FULBUF=.FALSE.

IFCNPRO.EQ.CMANPRO+1)> FULBUF=.TRUE.

IFCFULBUF) GO TO s8¢

IF ANOTHER PROFILE FOLLOWS GO BEGIN READING IT IN.

IF(MORE.EQ.2HYE> .GO TO 200

END PROFILE RECORDING PROCEDURE

PN Re VP BB 1S D P LS es 29 BEBR

TABLE PRINTOUT PROCEDURE
PRINTS OUT ONE PAGE OR A PARTIAL PAGECLAST PAGE ONLY)> OF TABLES

WOOOOOOOOOOO0GOO0OOOH00 OO0

AOON
<9
(-]

o000

YALUE OF "ICONC® DEPENDS ON WHETHER CONSTANT FRACTION OF INERT GAS
OR CONSTANT #02 USED FOR TABLES AND GETS PROPER LABELS FROM THE
THE GAS LABEL ARRAY "CONLBL".

CONC=P02

ICONC=1{

1FCCPO2) GO TO 390
CONCs<C 1 =FN2)%100.
ICONC=2

SET UP CORRECT LABELS FOR DEPTH UN1ITS C(ULBL) FOR PRINTOUT,

ULBL=UFEET
IFCHETRIC)  ULBL=UMETER

PRINTOUT PAGE HEADER
URITECLP,42) DAYTIN, NPIF, ULBL
URITECLP, 48 )CONC, < CONLBLC ICONC, ILBL), ILBL=1,2), 1GAS, IRATE, , ULBL,

» IRATE, ULBL
URITECLP,43) ULBL,ULBL,DSTOPS
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0719
0720
0721
0722
0723
0724
072%
0726
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0728
0729
0730
0731
0732
0733
0734
73S
0736
0737
0738
0733
0740
0741
0742
0743
0744
0743
0746
0747
0748
0743
0739
0?73y
97s2
0733
0734
07¢s
0?%6
07%?
0738
0739
0760
0761
0762
0763
0764
0763
07646
0767
0768
0769
0?70
0771
0772
0?2?23
0774
0773
0776
0?77?
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“ICHNG® USED TO DETERMINE IF DEPTH OF PROFILES HAS CHANGED. IT°'S
INITIALLY SET TO DEPTH OF FIRST PROFILE CURRENTLY IN "IPRC”. THE
MAXINMUN YALUE OF °NPRO™ FOR PRINTOUT IS “"MAXPRO".

ICHNG=IPROC T, 1)
IFCFULBUF) NPRO=MAXPRO

BEGINNING OF LOOP WUNICH PRINTS OQUT PACE OF PROFILES
00 670 l=1,NPRO

1IF DEPTH OF PROFILE MASN‘T CHANGED SKIP DELIMITER LINE PRINTQUT.

IFCICHNG.EQ.IPROCE,I)> GO TO 630

RESET "ICHNG™ TO NEXT PROFILE OEPTH. PRINT DELIMITER LINE.

ICHNG=IPROC 1, 1)
WRITEC(LP,46)

GO TO 640
URITECLP, 44)

*NLINE® SELECTS PROPER URITE STATEMENT FOR NUMBER OF STOPS.
“1J* POINTS TO POSITION OF FIRST STOP TIME IN “"IPRO" ARRaY.

NLINE=IPROCNSTOP+9,1)
1JuNSTOP+6~NL INE
GO TO ¢6%0,651,652,653,654,65%,656,657,6%8,639,660,661,

i 662,663,664),NLINE

WRITE OUT A SINGLE PROFILE.LINE IN THE CURRENT PAGE OF TABLES.

WRITECLP,S50) <IPROCJ,1),Jm1,8),CIPROC Y, 1), J=lJ,NSTOP+8)
GO0 TO 670
WRITECLP,S1)> CIPROCJ, I).d=1,3),CIPROCJ, 1), J=lJ,NSTOP+8)
GO TO 670
WRITECLP,32) <CIPROCJ.1),Jm1,8),CIPROC Y, 1), y=1J, NSTOP+6)
GO TO 670
WRITECLP,S3) CIPROCJ,ID,Jmi,5),CIPROCI, 1), y=lJ,NSTOP+3)
GO T0 670
WRITECLP,S4) CIPROCJ,1),4mt,8),CIPROCY, 1), J=1J,NSTOP+8)
GO T0 670
WRITECLP, 33> CIPROCJ, 1),d=1,8),CIPROC Y, 1), y=lJ,NSTOP+8)
GO TO 670
URITECLP,36) CIPROCJ,I),dm1,S), CIPROCY, 1), J=1J,NSTOP+8)
GO TO 670
WRITECLP,S7) CIPROCJ,I5,Jm(,3),CIPROCY, 1), J=lJ, NSTOP+8)
GO TO 670
URITECLP,38) CIPROCJ.1),.Ja1,9),CIPROC Y, L), ynlJ,NSTOP+0)
GO TO 670
WRITE(LP,S9) CIPROCY, 1),dm1,8),CIPROCJ, 1), JolJ,NSTOP+8)
GO 'TO 670
WRITECLP,60) CIPROCJ,1),dmt,3),(IPROCJ, 1), JulJ,NESTOP+8)
GO TO 670
URITE(LP,61) CIPROCJ, 15,9m1,8),CIPROK J, 1), J=lJ,NSTOP+8)
GO TO 670
URITECLP,62) CIPROCJ,1),y=1,8),CIPROC Y, 1), InlJ, NETOP+8)
GC TO 670
WRITECLP,63) CIPROC S, 15,381 ,8),CIPROCY, 1), JulJ,NGTOP+8)
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64
70

GO TO 670
WRITECLP,64) CIPROCJ,1),Jn1,8),CIPROCY, 1), In1J,NSTOP+8)
CONTINUE

MOVE PROFILE IN LAST POSITION IN "IPRO® TO THE FIRST POSITION.
FILL REST OF "IPRO” WITH ZEROS.

DO 680 I=1,MAXPRO+!
DO 680 Jm=1,NSTOP+9

IPROC J, I)m0 !

IFCI.EQ@.1) IPROCJ,1)IPROCJ, MAXPRO+1)

DONE WITH PAGE PRINTOUT. NOW ONLY 1 PROFILE LEFT IN “IPRO".
NPRO=1{

IF MORE PROFILES FOLLOW EXECUTE FORM FEED AND GO READ THEM IN.
IF{MORE.NE.2HYE> GO TO 690

WRITE(LP,47)

GO TO 200

IF *"IPRO" WAS FULL THERE 'S ONE MORE PROFILE TO PRINT OUT.
IFCFULBUF> GO TO S70

PRINT OUT DELINITER LINE ,FROM FEED LINE PRINTER. 3STOP.
WRITECLP, 46>

WRITECLP,47)

3ToP

END
ENDS
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ANNEX B

DECOMPRESSION MODEL
SUBROUTINE LISTINGS
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