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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

/ NEXT DEPTH <X
/ . D(K+1) (K+1)

DEPTH CHANGE

TIME AT CURRENT DEPTH T(k+1) —>] j_

=
O (K) DEPTH FROM PREVIOUS PROFILE
(K-1) (K) COORDINATE INPUT D(K-1)

SECOND __>|
|<——|=ms1' SUBSEGMENT ﬁ>|< G SECOND —

DIVE PROFILE MATRIX (Time, Depth, Rate)
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K+1 D§K+1§—D?Kl NEXT DEPTH 0.0
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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

e,




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.

‘. L ‘,f‘,,. e et et e T ,):’.5_, . l_,, — .; -



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
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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
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106.3SS
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185.293
204 .9980
224 .663
244,350
264,035
283.720
303.406
323. 091
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382.146
401.831
421.516
441,201
460.886
480.571
300.236
519.941
539.626
389.3t 1
$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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ANNEX A-l

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

Al =1




V3

v .ol
-3
2l
vI83
Jpes
JUEE

R

Joes

b R

PR v
AIEJPRN SR o
[ B |

z
k)
2
4
e
S
L)

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.

R1-2




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
-]

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

0DODODOODOOMO00
-
(-]

0 OO0 sﬁﬁﬂ
[ J

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

A2-9
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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
»
o

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

aoonO0n

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
0600
0609
0602
0603
0604
0608
0606
0607
0603
0609
060
0511

0612
0613
0614
063
0616
0617
0619
0619
0620
0621

0622
0623
0624
06235
0626
0627
2632
0629
0636
0631

0632
0633
0634
0633
0636
0637
0638
0639
0640
0641

0642
0643
0644
0643
0846
0647
0648
0649
0630
06S1

0652
0633
06354
0633
0696
0657
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0000 000 6000 o000 0OO0ONn

o000

SeS

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

o
(-]

aooOonon gnoonnnu 0
o

~
o

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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0718
0719
0720
0721
0722
0723
0724
072%
0726
are?
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?

OO0 0O0 DODTOO

(s Noa X el

“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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0778
0779
0780
0781
0782
0783
0784
0793
0786
07e?
0788
0739
97960
0791
0792
0793
0794
0798
0796
u797?
0798
0799
ga 00
0801
06802
0803
3904
0809
0806
0807
0808
0809
ge10

o000

000 00O

[z Xy Ne X Ay Ny Nyl

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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ANNEX B-1
SUBROUTINE BLOC?7
LISTING




3BLOC7 T=00004 15 ON CRO00I2 USING 00010 BLKS R=0000

000! FTN«

0002 BLOCK DATR, BLOC? 24 SEPY 232 VER 1.1

8002 C

0004 ¢ INITIALIZES DATA IN MODEL COMMON BLOCKS “PARAM® AND "BLODWL".
06003 C

0006 C

Vooe? ¢ 009000000 XM 00990209990 90000900300009

noog ¢ [ ] @

agu9 C [ ] URITTEN BY 9

u1e ¢ ? ?

a0t C 9@ CDR EDWARD D. THALMANN C(MC) USN @

2012 C @ ]

0012 C ] Qe

2014 T @ U.S. NAYY EXPERIMENTAL DIVING @

001S ¢ ] UNIT ]

0016 C Q PANAMA CITY,FLORIDA 32407 ]

0ot7? C [ ] ]

gota C 009000009000 009000000000902000079000

0019 C

0020 CHANANSNRASINBRNERRRSRERIAEANGERBIVATHURVRBIRRBUERNRGERFANGERNERRNERNOES
0021 C oI Ao ok ok

9022 € s YARIABLES =

3623 € BBS BN B BN PR

0024 C

o602% C AMBAO2 AMBIENT~-ARTERIAL OXYGEN GRADIENT (FSW)

06026 C HLFTH COMPARTMENT HALFTIMES (MIN)D

0027 C IAD INSTANTANEOUS RSCENT OEPTH (FSW OR MSuW>

0028 C ] COMPARTNENT MAXIMUM GAS TENSION WRRAY ¢(F3U)
0029 ¢ NTISS NUMBER OF HALFTIME COMPARTMENTS (9 MRL.)

0030 ¢ P COMPARTMENT GAS TENSION ARRAY (FSUW)

0031 C PACO2 ARTERIAL CO02 PARTIAL PRESSURE C(FSW>

8032 ¢C PBOVYP GAS PHASE OVERPRESSURE (FSV>

0033 ¢ PH20 PARTIAL PRESSURE OF WATER VARPOR (FSW)

0034 C PVCO2 VENOUS €02 PARTIAL PRESSURE (FSuw>

0033 C PVO2 VENOUS 02 PARTIAL PRESSURE (FSW)

0036 C SOR SATURATION-DESATURATION HALFTIME RATIO

0037 C

0638 C

0039 C NOTE: FOR PARTIAL PRESSURES WHICH ARE IN FSU. 33 Fs4 = 1 aTa.
0040 C *

a0s4t C

0042 CHRANARASNSRSARRENANNAGRGGRANABANNERRIENEAGEGESNNRANASEERNAUGREARGNNNAGS
0043 C

0044 COMMON/MDATA/TC,.DC,.COEPTH,RATE,CPO2 ,FN2,P02,DINC,CF

004S COMMON/PARAN/MC9,30),P(9) , HLFTN(9)>,NT18S,SDR(9), IAD

0046 COMMON/BLOVL/PAL02, PH20,PVCO2, PVO2, ANBAD2, PBOVP

0047 REAL M

0043 C

0049 C COMMONH BLOCK "PARAM®,

0050 C

0031 DATA M,P,HLFTN,NTISS, SDR, IAD

00352 e/ 279%0., S.,10.,20.,40.,80.,120.,160,,200.,240.,9,9%1.0,0/
0033 C

9034 C COMMON BLOCK °“SLDVL"

00SS C

0036 DATA PACO2, PH20,PVCO2,PV02, ANBRO2,PBOVP/1.35,0.0,2.3,2.0,0.0,0.0/
00357 END

81-1







ANNEX 3-2

SUBROUTINE UPDT7
EXPONENTIAL-LINEAR VERSION
LISTING
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LUPDT7 T=00004 IS ON CRO0O12 USING 00100 BLKS R=0000

0001 FTN4

0002 SUBROUTINE UPDT?, 24 SEPT 82 VER 1.2

0003 ¢

0004 ¢

0008 ¢C EXPONENTIAL-LINEAR VERSION

0006

0007 ¢ UPDATES THE TISSUE INERT GAS TENSIONS IN ARRAY *P® OVER A SPECIFIC

oece ¢ TINE INTERVAL “TC™ FOR A SPECIFIED DEPTH CHANGE "DC". A VALUE OF

9609 ¢ 0.0 1S LEGAL FOR BOTH "TC" AND "DC". ASSUMES GAS UPTAKE AND

0010 < ELININATION I8 EXPONENTIAL UNTIL THE TOTAL TISSUE GAS TENSION

001 ¢ EXCEEDS ANBIENT BY THE CGAS PHASE OVERPRESSURE “PBOVP*, AT THIS

0012 C POINT GCAS ELININATION BECOMES LINEAR. PROVISION IS MADE FOR

0013 ¢ DIFFERENT EXPONENTIAL TIME CONSTANTS FOR UPTAKE AND ELIMINATION.

0014 THE TRANSITION SETUEEN THE TUQ TINME CONSTANTS IS ALWAYS HMADE AT &

0018 ¢ MAXIMUN OR MINIMUM SO THERE IS NO DISCONTINUITY IN THE SLOPE OF

0016 C THE EXPONENTIAL FUNCTIOM.

001? ¢

00t8 ¢C

6019 C 00000090000 0400000000 900000 09000000000

6026 C [} @

002? ¢ [ ] URITTEN BY ®

0022 € [ ]

0023 C 9 COR EDUARD D. THALMARNN <(NC> USN @

0024 C [ ] [ ]

0028 <C [ ]

0026 C [ ] U.S8. NAVY EXPERIMENTAL DIVING [

0027 ¢ [ ) UNIT Qo

0028 C [ PANANA CITY,FLORIDA 32407 @

0029 ¢ [ ] [} '
0030 C 00000000000 0 000000000 00000000000000

063y ¢

0032 € X
0033 CotusatioaftassstteNttad 0NN Ia 4804083888 000880000008 08083084300808 0BRGN

0034 C SIRBE RS S RSN

003 C ® YARIABLES »

0036 C Py Lo oY |
0037 ¢ !
0038 C [} INTERMEDIATE VARIABLE FOR COMPUTATIONS i
0039 C ANBAO2 ARBIENT-ARTERIAL OXYGEN GRADIENT C(FSW>

0040 C 8 INTERMEDIATE VARIABLE FOR COMPUTATIONS

0041t C [ INTERMEDIATE VARIABLE FOR COMPUTATIONS

0042 C¢C CDEPTH CURRENT DEPTH CFSU OR NMSW)

0043 C CF METRIC CONVERSION FACTOR

0044 C cPro2 CONSTANT PARTIAL PRESSSURE 027

0043 ¢ ] INTERREDIATE VARIABLE FOR COMPUTATIONS

0046 C oc DEPTH CHANGE <FS8W OR MSU)

0047 C DESAT TISSUE DESATURATING?

0048 C DINC STOP DEPTH INCREMENTS <(NSW OR FSW)>

0049 C DY DERIVITIVE OF NEWTON-RAPHSON NULL VARIABLE

00S¢ C EXPN NATURAL LOG BASE € RAISED TO THE “KsT" POWER

0083 C FN2 INERT GAS FRACTION

0082 ¢C HLFTH TISSUE HWALFTINES <(NIN)

0083 ¢C 180 INSTANTANEOUS ASCENT DEPTH (FSU OR NSW)

00S¢ C 14 DEPTH <RQW) SUBSCRIPT FOR ARRAY "N"*

008 € IPRNT CAUSES PRINTOUT DURING NEWUTON-RAPHSON ITERATION IF 1 |
00S¢ C K

g0sS? ¢ KDSAT TINE CONSTANT POR DESATURATING T1ISSUES ¢1/MIN)

EXPONENTIAL TINE CONSTANT < 1/MIN)D
{
[
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0033
0029
0060
0061
002
0063
006s
0063
0066
0067
0088
0059
0070
0071
0072
0073
0074
8028
0076
[ réd
0078
6079
0080
0031
0082
0083
00394
0083
0086
0987
3038
2582
0030
0091
0092
0093
0094
009%
0096
0097
0gse
@039
0100
¢101
0102
0103
0104
0103
0106
01907
0308
0109
o110
o111
0112
0113
0114
0113
0116
0117

< KSaT TINE CONSTANT FOR SATURATING TISSUES < 1/MIN)
< L) TISSUE MAXINUM GAS TENSION ARRAY <FSW)
c NITR NUMBER OF TIMES NEWTON-RAPHSON ITERATION PERFORMED
c NTISS NUMBER OF HALFTINE TISSUES <9 MAX.)
c P TISSUE GAS TENS1ON ARRAY C(FSU)
(S PaCOo2 ARTERIAL CO02 PARTIAL PRESSURE <FSW)>
c PAMB ANBIENT PRESSURE (FSW)
c PAN2 ARTERIAL INERT GAS TENSION (FSW)
c PAG2 ARTERIAL 02 TENSION (FSW)>
c PBOVP GAS PHASE OVERPRESSURE ¢(FSV)
c PH20 PARTIAL PRESSURE OF WATER VAPOR (FSU)
c PO2 INSPIRED OXYGEN PARTIAL PRESSURE CATA)
c PT158 TISSUE DISSOLVED INERT GAS TENSION (FSW)
< PVCO2 VENOUS CO02 PARTIAL PRESSURE (FSW)
c PYNZ VENQUS INERT GAS TENSION <FSW)
< Pvo2 YENOUS 02 PARTIAL PRESSURE (FSW)
c PvsaT INERT GAS TENSION NEEDED FOR VENOUS SATURATION <FSW)
¢ RANB RATE OF AMBIENT PRESSURE CHANGE C(FSW/MIN)
< RATE RATE OF DEPTH CNAMGE (FSW OR MSW/MIN)
c RINRT RATE OF INSPIRED INERT GAS TENSION CHANGE (FSW/MIN)
c ROZ RATE OF INSPIRED 02 TENSION CHANGE <FSW/MIN)
c SHEHK YARIABLE USED TO CHECK FOR SIGN CHANGE
c SOR SATURATION-DESATURATION HALFTINE RATIO
c T TINE CNIN)
c Tt TRIAL TINE IN MEUTON-RAPHSON ITERATION (MIN)
c L{~ TINE CHANGE DURING ASCENT (MIN)>
c TERROR MAXINUN TINE ERROR IN NEWTON-RAPHSON ITERATION (MINY
c TEXP TINE FOR EXPONENTIAL UPDATE <(MIND
¢ TI TINE INTERVAL FOR LINEAR-EXPONENTIAL CROSSOVER (MIN)
c TLIN TINE FOR- LINEAR UPDATE (MIN)
c THCDE TIME OF MININUN OR MAXINUM TISSUE TENSION (MIN)
c TKOVER TINE TO CROSSOVER TO OTHER GAS TRANSPORT MODE (MIN)
c VaLIT ARRAY FOR STORING NEWTON-RAPHSON VALUES
c Y NEUTON-RAPNSON NULL VARINBLE
g Y1 TRIAL VALUE OF ~vy»
c
c NOTE: FOR PARTIAL PRESSURES UMICH ARE IN PSW. 33 FSuet ATA.
c
¢
C.OOQQOCOOOQOQOO...'.........................OQ.......Q......'..QO..C..'
c
C404a0 AR900080008 3000 M0 2000008000 HO ARSI NE MR RRS A0 00000000000 S 008808400
c - o
c * SUBROUTINES REQUIRED »
c -
c
c NONE
c
CHUBBANANBBNSNN BN NNEB R0 SISADR RO SR A RN SR GRRNSH RN S0 SRSA0NAR 00000000
¢
] MODEL INPUT VARIABLES
c THESE ARE THE ONLY YARIABLES SENT FROM THE MAIN PROGRAM TO THE
c WODEL SUBROUTINES. THIS COMMON STATEMENT NUST APPEAR IN ALL MODEL
g SUBROUTINES .
COMMON/MDATR/ TC,DC, SDEPTH, RATE, CPO2,FN2,P02,DINC, CF
c
c NODEL CONMONM
c THESE VARIABLES ARE SENT BETWEEN MODEL SUBROUTINES ONLY.

U U




0119
0119
0120
0121
0122
0123
0124
0123
3126
0127
0128
0129
0130
3131
0132
0133
0134
3138
0136
0137
0138
0139
9140
0141
0142
0142
0144
0148
0146
0147
Ji4g
2149
0180
013
0182
0133
0134
0133
0136
0137
01358
0139
0160
0161
0162
0163
3164
0163
0166
0167
0168
0169
0170
. 0t
0172
0173
0174
0173
0176
07?7

OO0 O0OOOOGOOOGO

THESE COMMON 3STATEMENTS NUST APPEAR IN aLL MODEL SUBROUTINES.

(e K ¢]

COMMON/PARAN/MC 9,30 ),P{9),HLFTN(9),NT18S, SDR(9), IAD
COMMON/BLDVL/PACO2, PH20,PVCO2, PV02, ANBRO2, PBOVP

LOGICAL CPO2,DESAT
REAL M, K,KSAT ,KDSAT,VALIT(4,10)

-0

FORMAT( /71 OX"NEUTON RAPHSON ITERATION*//

S4X"HLFTH" X "CEDPTH"SX"TC 8X"PTISS “8X"RATE"SX"RINRT "7X"PaN2"
*?XPVSAT "SR A*11X“B 1 IXC /44X, 14,4X,14,9CF11,6,1%X2//
SIR=TU 17X Y  14X"0Y 13IX" Y/OY“/10C4F16.7/>//77)

INITIALIZATION PROCEDURE

SET IPRNTst IF ITERATION VALUES ALUAYS WANTED,OTHERVISE LEAVE aS
0. ITERATION VALUES ALUAYS PRINTED IF ERROR LIMITS EXCEEDED.

IPRNT=0

IF TIME INTERVAL *TC"® IS 0 NG UPDATE NEEDED.

IF(TC.EQ.0.0) RETURN

RATES OF ANBIENT PRESSURE CHANGE ALUAYS IN FEET/MIN, CONVERT

HETRIC RATES TO FEET/NIN. SET RATE TO 6 IF NO DEPTN CHANGE.
COMPUTE INITIAL AMBIENT PRESSURE.

0DOOO0

RANB=CF+RATE
IFKDC.EQ.0.) RANB=S,
PanbB=COEPTHeCF+33

FOLLOWING VARIABLES DEPEND ON WHETHER CONSTANT OXYCEN PARTIAL
PRESSURE OF CONSTANT INERT GAS FRACTION USED. LOGICAL VARIABLE
"CPOZ* 1S TRUE FOR CONSTANT PO2 OTHERVISE IT'S FalLSE.

OOO00

IF <CPG2)> GO TO 30

Pag2=< PARB-PH20 )¢ 1 -FN2 )~ANBAO2
RINRT=EN2oRAND

RO2=< 1 =FN2 )oRANS

GO TO <0
PAO2=P024334C { . 0-PHO/PAND )~ANBA02
RINRT=RAND

R02=0.0

CONTINUE

[
(-]

ENO INITIALIZATION PROCEDURE

0O0O0COOOOOO0O M
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0178
0179
0180
0181
0182
0133
0134
0103
0196
0ta?
0138
0189
0150
0191
0192
0153
0194
0152
0196
0197
0198
3199
0200
0201
g202
0203
8204
0208
0206
0207
0218

ASA
322

02190
0211
0212
0213
0214
0213
0216
0217
0218
0219
0220
0221
0222
0223
0224
0228
0226
0227
0229
0229
0230
0231
0232
0233
0234
0233
0236
023?

GO0 0OO0O0O0

TISSUE UPDATE LOOP
EXECUTE LOOP FOR ALL °NTISS" TISSUES.

COMPUTE TIME CONSTANTS FOR SATURATING AND DESATURATING TISSUES
(*KSAT® AND “KDSAT®). INITIALIZE ARTERIAL AND VENOUS SATURATION
INERT GCAS TENSIONS.

DO S00 I=1,NTISS

KSAT=ALOGC 2. 0)/7HLFTMC D)

RDSATeKSAT#SDRC 1)

PAN2=PAMB-( PA02+PARCOZ+PH20)

PYSAT=PANB-C PY02+PVCO2+PH20)

INITIALIZ2E TISSUE TENSION TO DEFAULT VALUE.
PTISS=P( 1)

IF TISSUE TENSION INITIALLY GREATER THAN °"PVSAT® GO TO LINEAR
UPDATE PROCEDURE.

IF <PT1S8.GT.C(PVSAT+PBOVP)) GO TO 300

EXPONENTIAL NODE TINE COMPUTATION PROCEDURE

THIS PROCEDURE CHECKS TO SEE IF INITIALLY EXPONENTIALLY SATURATING
OR DESATURATING TI3SUES WiLL GO THROUGH A MININMUM OR MAXINUNM
(NGDE> DURING THE TIME INTERVAL “TC®. IF A NODE OCCURS THE TISSUE
TENSIONS ARE UPDATED TO THE TINE OF THE NODE (TNODE). THERE ARE
TYO EXITS FRON THIS PROCEDURE. IF NO MODE OCCURS OR IF THE TISSUE
REMAINS EXPONENTIAL FOR THE UHOLE TIMNE INTERVAL THE EXIT IS TO THE
EXPONENTIAL UPOATE PROCEDURE <¢STATEMENT 400). OTHERVISE THE EXIT
1S TO THE EXPONENTIAL-LINEAR CROSSOVER TIME COMPUTATION PROCEDURE
CSTATENENT 200)5.

EXITS TO STATEMENT 200 OR 400

00000000 DNOODNO0NOOOHOOOD O00O0 OO

OO0

0o 0000

SET *TI® (TINE REMAINING IN INTERVAL “TC®" AFTER NODE HMAS OCCURED)>
TO "TC™ INITIALLY. ALSO INITIALIZE “TEXP“ TO “TC".

TI=TC
TEXP=TC

IF TISSUE INERT GAS TENSION GREATER THAN ARTERIAL IT°S
DESATURATING OTHERWISE IT°S SATURATING ¢ "DESAT" 1S FALSED.

DESAT=.FALSE.
IF(PTISS.GT.PAN2) DESAT=.TRUE.

IF INITIALLY SATURATING AND DESCENDING,NO NODE WILL OCCUR DURING
“TC" AND TISSUE CONTINUES SATURATING EXPONENTIALLY.

IFCRATE.GT .0 .AND. .NOT.DESAT)> GO TO <400

0R2-4




0238
0239
0240
0241
0242
0243
0244
0243
0246
0247
0248
0243
32590
02%1
0292
02353
0234
023S
02%6
0257
0238
0239
0260
0261
0262

0263,

0264
0263
0266
0267
3368
259
0270
9271
0272
0273
0274
0273
0276
0277
0278
0279
0280
0281
0282
0283
02084
0203
0286
0287
0280
0289
0290
0291
0292
0293
0294
0293
0296
0297

COOO000O00 O00O0

OO0

00000 0000 0000

OcCOoOO000 0000 000

INITIALLY DESATURATING TISSUES UNDERGOING ASCENT HAVE NO NODOE.
TISSUE CONTINUES DESATURATING AND A CROSSOVER YO LINEAR DESAT-
URATION WILL OCCUR SO GO TO CROSSOVER TIME COMPUTATION PROCEDURE.

IFCRATE.LT.0 .AND. DESAT) GO TO 200

AT THIS POINT THE ONLY TISSUE CONDITIONS WHICH HAVE NOT BEEN
ELIMINATED ARE INITIALLY EXPONENTIALLY SATURATING UNDERGOING
ASCENT OR INITIALLY EXPONENTIALLY DESATURATING UNDERGOINC
DESCENT. IF “RATE” IS 0 NO NGDE FOR EITHER CONDITION AND
TISSUE WILL STAY IN THE EXPONENTIAL MODE.

IF (RATE EQ.0) GO TO 400

COMPUTE TIME AT WHICH NODE WILL OCCUR < TNODE).
KuwKSAT

IFCDESAT ) K=KDSAT

Cu(K/RINRT )oC PTISS-PAN2)
TNODE=< { /K )#ALOGS C+1. 0D

IF °TNODE" I8 0 GO TO EXPONENTIAL-LINEAR CROSSOVER TIME PROCEDURE.
CCAN ONLY HAPPEN FOR INITIALLY SATURATED TISSUE UNDERGOING RSCENT)

IF(TNODE.LE.0.0> GO TO 200

IF “TNODE" GREATER THAN THE TIME INCREMENT “TC" THERE IS NO NODE
AND TISSUE REMAINS IN THE EXPONENT1AL MODE.

IFCTNODE.GE.TC> GO TO 400

UPDATE *PAN2®, "PYSAT" TO "TNODE" AND COMPUTE A NEW TIME INTERVAL
"TI". AT “TNQDE" TISSUE AND ARTERIAL INERT GAS TENSION ARE EQUAL
9Y DEFINITION.

PANZ=PAN2 +RINRT»TNODE
PVSAT=PVSAT+RINRT» TNODE
TI1=aTC~-TNODE

PTI88=PAN2

EXPONENTIAL UPDATE TIME INITIALLY ASSUMED TO EQUAL °TI".
TEXP=TI

IF THE TISSUE WAS INITIALLY SATURATING THEN AFTER THE NODE IT WILL
BE DESATURATING -AND A CROSSOVER TO THE LINERR NODE MAY OCCUR.

IFC¢ .NOT.DESAT) GO TO 200

AT THIS POINT ONLY THE DESATURATING TISSUE IS LEFT AND AFTER THE
NODE 17 WILL BE SATURATING AND THEREFORE WILL REMAIN IN THE
EXPONENTIAL MODE. SET “DESAT" TO FALSE BEFORE COING TO THE
EXPONENTIAL UPOATE PROCEDURE.

DESAT=.FALSE.
GO TG 400

o000

END OF EXPONENTIAL NODE TINE PROCEDURE

- 82-8




0298
0299
0300
0301
9302
0303
0304
0303
0306
630?
a308
0389
030
0311
0312
0313
0314
0313
0316
0317
0319
0319
6320
0321
0322
0323
0324
032s
0326
8327
0328
9339
0330
433t
0332
9333
0334
0333
0336
0337
0338
0339
0340
0341
0342
0343
0344
3343
0346
0347
0349
0349
0330
033
0382
0333
0334
0333

0357

(¢ X2}

4
1

od L nd o d

EXPONENTIAL-LINEAR CROSSOVER TINME CONPUTATION PROCEDURE

THIS PROCEDURE COMPUTES THE TIME AT WHICH THE TISSUE WILL GO FROM

THE INHITIAL EXPONENTIAL OESATURATION MODE TO THE LINEAR
DESATURATION MODE. THIS CROSSOVER OCCURS AT THE TIME WHEN THE
TOTAL TISSUE GAS TENSION EXCEEDS THE TOTAL AMBIENT PRESSURE BY
THE GAS PHASE OVERPRESSURE <PBOVP), THAT IS WHEN:

1) PC 1 )+PYD2+PVCO2+PHIO=PANE +RANDB=T+PBOVP
WHERE FOR THE CONDITION WHERE NO GAS PHASE IS PRESENT:
<2 PCI)u(PTISS-PAN2+RINRT/K)S(EXPC ~KaT )=1 )eRINRT#T+PTISS

"PTISS" AND °“PaNB" ARE TME VALUES OF THE TISSUE INERT GAS TENSION
AND AMBIENT PRESSURE RESPECTIVELY AT THE START OF THE DEPTH
CHANGE . “RaMB" IS TME RATE OF DEPTH CHANGE AND *T* THE TINE SINCE
THE BEGINNING OF THE OEPTH CHANGE. K" IS THE EXPOMENTIAL TINE
CONSTANT WHICH I8 EQUAL TO EITHER "KSAT" OR “KDSAT" DEPENDING ON
WHETHER THE TISSUE 18 SATURATING OR DESATURATING. IN THE CONSTaNT
PO2 MODE “RAMB“ AND "RINRT® ARE EQUAL AND EQUATIONC1) CAN BE

SOLVED FOR "T* (SEE STATEMNENT 210). IN THE CONSTANT INERT FRACTION

MODE “RAMB™ AND °RINRT" ARE NOT EQUAL AND EQUATIONC1)> CANNOT BE
EXPLICITLY SOLVED FOR “T™ AND MUST &E SOLVED 8y ITERATION.

THE ONLY EXIT I8 TO THE LINEAR UPDATE PROCEDURE AT STATEMENT 430.

NOOOOODOOODOD000DODO0DOOONO00GO00DOOOOO0O00

0000 O000 0000 00000

CROSSOVER TINE INITIALLY ASSUMED EQUAL TO °TI",

TXOVEReT]

SEE IF EQUATIONC2) ASYNPTOTE LINE INTERCEPT GREATER THAN THAT OF
THE CROSSOVER PRESSURE LINE, IF IT 18 CROSSOVER UWILL ALUAYS OCCUR
$0 GO COMPUTE CROSSOVER TINE.

IFCRINRT .LT.CKDSATC PAN2-C PVSAT+PROVP)))) GO TO 210

IF ASYNMPTOTE INTERCEPT NOT GREATER THAN THAT OF CROSSOVER LINE
NO CROSSOVER OCCURS IF PO2 IS CONSTANWT.

IFCCPO2) GO TO 400
COMPUTE TINE WHERE ASYMPTOTE INTERSECTS CROSSOVER LINE.
Ta( PANZ-C PYSAT+PBOVP )=RINRT/KDSAT )/C RAND-RINRT )

IF *T* GREATER OR EQUAL TO THE TINE INTERVAL "TI® NO CROSSOVER.
IF NOT, “T® USED A8 TRIAL TINE TO START ITERATION.

IF(T.GE.TI)> GO TO 400




03s3
0339
0360
3361
0362
0363
0364
0368
0366
0367
9369
9369
0370
037t
9372
0373
20374
037e
0376
0377
0373
0379
0394
0381
0382
0383
0384
039S
0336
0387
0288
33389
03%0
0391
0392
0393
0394
0398
0396
9397
0398
0399
0400
0401
0402
0403
0404
040S
0406
0407
0408
0409
0410
0411
0412
0413
0414
0413
0416
0417

GO TO 22¢
c
c COMPUITE THE CROSSOVER TIME ASSUMING THAT A CONSTANT PO2 1S BEING
< USED.
[
210 Te<( 1 /KDSAT )®AL0GL 1 =C( PTISS-(PVSAT+PBOVP ) )/(PTISS=PAN2+RAMB/KDSAT >
C
[ IF IN CONSTANT PO2 MODE, THEN THE ABOVE TIME 18 THE EXACT
c TINE TO CROSSOVER. IF WE'RE IN THE CONSTANT INERT GAS FRACTION
¢ MODE THEN *T* IS THE MAXIMUM TIME TO CROSSOVER AND I8 USED asS A
[ STARTING POINT FOR THE ITERATION.
<
IF¢<CPO2)> GO TO 280
c
C0000000000““0000“00““00““00”00000000000000000000000000000000000
C
c NEWTON RAPHSON ITERATION
C
[ IF ME'RE IN THE CONSTANT INERT GAS FRACTION MODE THE CROSSOVER
[ TIME IS THE INDEPENDANT VARIABLE IN THE NON-INVERTABLE EQUATIONC !>
c AND CAN ONLY BE CONPUTED BY ITERATION.
c
Coe . - DR LI TSR A v osorese *resessterrttc ey
c
c COMPUTE CONSTANTS FOR ITERATION
c
220 An(PTISS=PANZ2+RINRT/KDSAT )
B8=2(PVSAT+PBOVP-PTISS)
CsRANB-RINRT
NITR=0
c
¢ "Y* IS THE NULL FUNCTION UHICH WILL BE EAACTLY 0.0 WHEN *T" I§
c EXACTLY THE CROSSOVER TIME. °“DY" 1S THE FIRST DERIVITIVE OF "v*".
c
230 EXPN=EXPC ~KDSATT)
Yu@-As EXPN=1 )+CaT
DY=CoKDSAT+AsENPN
c
c SEED ERROR CHECK WITH °*T™ AND °Y®" ON FIRST PaSS.
Cc
IFCNITR.GT.0) GO TO 240
TisT
Yiay
240 NITR=NITR+1
c
c SAVE ITERATION VALUES FOR IN CASE PRINTOUT QCCURS,
c
YALITC1 ,NITR )=T
VALITC2,NITR Y=y
VALITCI,NITR )=DY
VALITC4,NITR Yuy /DY
c
[~ STOP ITERATION IF *vY*" AND °Y/0Y" ARE BOTH LESS THAN THE ACCEPTABLE
[ ERROR .
"~
IFCARSCY/DY).LE.0.00001 .AND. ABSCY)>.LT.0.001) GO TO 270
c
4 STOP ITERATION AFTER 10 PASSES NO NATTER WNAT,
c

IFC(NITR.EG.10) GO TO 270

82-7
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0418
0419
0420
0421
0422
0423
042¢
0428
0426
0427
0428
0429
0430
0431
0432
0433
0434
0438
0436
0437
0438
0439
0440
0441
0442
0443
044ea
0445
0446
0447
0448
449
0450
0451
0452
0453
043¢
0453
0436
043?
0488
0459
0460
0461
0462
0463
0464
0463
0466
0467
0468
0465
0470
0471
0472
0473
0474
047S
0476
0a??

[
c IF "Y" MAS UNDERGONE A SIGN CHANGE SINCE LAST RECORDING “T1® THEN
c “ABSC(T=T1)* IS THE MAXINUM ERROR FOR "T"., [F THIS ERROR IS
C ACCEPTABLE THEN STOP ITERATION. THIS TERMINATES ITERATIONS UHERE
c *¥Y* OSCILLATES ARQGUND ZERGC MORE RAPIDLY. IF “SCHK" IS POSITIVE
[ THEN NO SIGN CHANGE OCCURED AND ' NO ERROR CHECK MADE.
[
SCHK=SIGNC 1.0,Y)eSIGNC 1.0, Y1)
IF(3CHK.GT.0) GO TO 260
TERROR=ABSC T1=T)
IFCTERROR.LT.0.0001> GO TO 270
Ti=T
Yi=ay
c
[~ COMPUTE NEV ESTIMATE OF THE CROSSOVER TIME FOR THE NEXT Pass.
[
260 T=T=¢Y/D¥Y)
GO TO 230
[
[ WRITE OUT ITERATION VALUES IF CONVERGENCE TO ERROR LIMITS HAS NOT
[ OCCURED IN 10 ITERATIONS OR IF PRINTY NOGDE ON C(IPRNT=1),
c
2?70 IF(NITR.LT.10 .AND. IPRNT.EQ.0)> GO TO 200
WRITECG, 1> HLFTMC1 ), COEPTH,TI ,PTISS,RAMB, RINRT, PAN2, PVSAT ,A,B,C,
*(CYALITC Y, L), J=1,4),Le ,NITR)
c
[T TP TERI PRSI ISR PP RN DR L A IR 2L e R I AR A e R L L
c
c END OF NEWTON RAPMSON ITERATION
[
Crert00000 00004000040 P P VL L AL LR AL GDIRL VLA LAPV IV VL LS G442 40202020
c
C CROSSOVER TINE I8 THE VYALUE OF "T® AT THE FINISH OF THE NEUWTON !
c RAPHSON ITERATION OR THE VALUE COMPUTED IN STATEMENT 210 IF IN THE
c CONSTANT P02 MODE. 1IF CROSSOVER TIMNE EXCEEDS "TI1® GO TO
[~ EXPONENTIAL UPDATE.
c
280 TXOVER=T
IFCT.GT.T1) GO TO 400
c
c COMPUTE VENOUS SATURATION INERT GCAS TENSION AND ARTERIAL INERT GAS ‘
c TENSION AT CROSSOVER TIME. BY DEFINITION THE VENOUS INERT GAS
c TENSION EXCEEDS THE VENOUS SATURATION INERT GAS TENSION BY THE
[ GAS- PHASE OVERPRESSURE (PBOVP) AT THE CROSSOVER TINME.
c
PYSAT=PYSAT+RANSe TXOVER
PAN2SPAN2+RINRTS TXOVER ;
PUN2=PVSAT+PBOVP :
[
c VENOUS AND DISSOLYVED TISSUE INERT CAS TENSION EQUAL WHEN GAS PHASE
c FORMS. COMPUTE TIME REMAINING FOR LINEAR UPDATE AFTER CROSSOVER.
c
PTISSePYN2
TLIN=TI-TXOVER
GO TO 4S50 )
c 1
c v
c
c END EXP-LIN CROSSOVER TIME COMPUTATION PROCEDURE
[




At i ———— e ai

0‘?3 C »: e e ey !
0479 C
0480 Cowe seww e TSR BB BARS T B
0481 C
0432 C LINEAR-EXPONENTIAL CROSSOVER TIME COMPUTATION PROCEDURE
0483 C
0484 C e
0488 € CROSSOVER OCCURS UHEN THE TOTAL DISSOLVED INERT CAS TENSION FALLS
0436 C TO A LEVEL WHICH JUST EXCEEDS THE AMBIENY PRESSURE BY THE GAS
0437 C PHASE OVERPRESSURE (PBOVP) ,THAT 18 WUMEN:
0488 C
0439 C <3 P¢ 1 DePVO2+PVCO2+PHOPANDB+RAMBS T +PBOVP
g4%0
0491 ¢ WHERE, WHEN A GAS PHASE 18 PRESENT:
0492 €
0453 C 4> PC1O)uPTISS+KDSATH( PAN2=PYN2 Yo T=-(RO2eKDSAT/2 )aTen2
0494 €
' 0438 ( "PTISS® AND "PANB" ARE THE TISSUE DISSOLVED INERT GAS TENSION aND l
0498 C THE AMBIENT PRESSURE RESPECTIVELY AT THE BEGINNING OF THE LINEAR
9497 € DEPTH CHANGE. "RAMB"“ IS THE RATE OF DEPTH CHANGE AND “"T® THE TIME
04958 C SINCE THE BEGINNING OF THE DEPTH CHANGE. EQUATIGNC(3> CAN BE EASILY
0439 C SOLVED FOR °*T" IN THE CONETANT PO2 MODE SINCE “RO2" 1S 0. IN THE :
0S¢0 C CONSTANT INERT FRACTION NMODE THE QUADRATIC FORMULA MUST BE USED. i
0501 C '
0502 ¢C wen
0802 C
S0 C TIME IN LINEAR UPDATE MODE INITIALLY ASSUMED EQUAL TO *TC".
0808 C
0866 300 TLIN=TC ,
07 ¢C
0508 C WHEN A GAS PMASE 18 PRESENT THE VENOUS INERT GAS TENSION EXCEEDS
009 C THE VENOUS SATURATION INERT GAS TENSION BY THE GAS PHASE
0510 C OVERPRESSURE.
0S11 C
9512 PYN2wPVYSAT+PBOVP
0513 C i
0S14 C YARIABLES "A", 8", AND "C" ARE COEPFICIENTS OF THE LINEAR-
0S1S C EXPONENTIAL CROSSOVER TINE QUADRATIC EGUATION. “D* 1S THE SQUARE
0316 C ROOT TERM OF THE QUADRATIC FORMULA.
0817 ¢C
S18 AsSROKDSAT/2
0819 B=RANB-KDSATe( PAN2~PYN2 )
03520 CaPYN2-PTISS
0821 DePen2-4sAnC
0822 ¢
c23 C CHECK TG SEE IF NO CROSSOVER WILL OCCUR.
0824 C
0823 IF ¢<D.LT.0.0 .OR. B.LE.0.0> GO TO 430
0526 C
0827 C VALUE OF CROSSOVER TINE DEPENDS ON WUMETHER OR NOT THE OXYGEN
0528 C TENSICN I8 CHANGING.
0529 C
0830 IF(RO2.£Q.0.0) TXOVER=—(C/8) .
0531 1IFCROZ.NE. 0, 0) THOVER=C ~B+SART(D) /(2+n) :
0832 ¢
0833 ¢ IF CROSSOVER NOT WITHIN TIME INTERVAL "TC" STAY LINEAR.
083s C
0333 IFCTXOVER.CE.TCY> GO TO 4350
0336 C
033? ¢ COMPUTE TISSUE AND ARTERIAL INERT GAS TENSION AT CROSSOVER.

P
P L LE T Tk Sl i e AT OERIR R




OO0

000 O0O000O

0000 0000

GO0

TISSUE DISSOLVED AND VENOUS INERY GaS TENSION EQUAL AT CROSSOVER.
CORPUTE “TEXP® AS TIME REMAINING AFTER CROSSOVER OCCURS. AFTER
CROSSOVER TISSUE WILL BE EXPONENTIALLY DESATURATING.

PTISSsPYN2 +RAND= TXOVER
PAN2aPAN2 +RINR T+ TROVER
TEXP=TC~-TXOVER
DESAT=.TRUE.

EXPONENTIAL UPDATE EXPECTS TISSUES TO BE UPDATED TQO A NODE IF
IT OCCURS. IF NO INERT GAS TENSION CHANGE OCCURS NO NOOE.

IF(RINRT.EQ.0) GO TO <00
CONMPUTE TINE OF NODE “TNMODE".

Ca(KDSAT/RINRT )o(PT188-PAN2)
TNODE=C 1 /KDSAT )eALOG(C+1)

IF WNODE WILL MOT OCCUR WITHIN RENRAINING TINE GO OIRECTLY TO THE
EXPONENTIAL UPDATE.

IF{TNODE.CGE.TEXP3> GO .TO 400

UPDATE ARTERIAL INERT GAS TENSION TO °TNODE™. AT "TNODE"™ THE
TISSUE AND ARTERIAL INERT GCAS TENSIONS ARE EQUAL BY DEFINITION,

PAN=PAN2+RINRT*TNODE
PT1S8=PaN2

COMPUTE- REMAINING TIME AFTER NODE OCCURS. TISSUE NOW SATURATING.

TEXPaTEXP~-TNODE
DESAT= . FALSE.

TISSUE INERT GAS UPDATE PROCEDURES

UPDATE ‘TISSUE TENSIONS EITHER EXPONENTIALLY OR LINEARLY AND STORE
RESULTS IN ARRAY *pP*,

dOOONOOOOOOOOO

L2000

o0

EXPONENTIAL UPDATE.

KsKSAT

IFCOESAT ) KuKDSAT
A=PTISS-PAN2+RINRT/K
B=RINRTSTEXP+PT1SS

P 1 yman EXPC ~KesTEXP )~1 )+8
GO0 TC Soo

LINEAR UPDATE.
A=KDSATe( PAN2~PYN2)

I=KDSATAR02/2
PCIOnPTISS+ASTLIN=BTL INe2

B2-10
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0538
339
0800
0601
0602
2603
0604
0608
9606
2607
2609
0609
0619
0611

U812
0613
0614
0618
3616
0617
U618
0619
0620
0621

0622
2623
0624
0623
0626
0627
3628
6cas
0630
0631

0632
0633
0634
063S
0636
0637
0638
0639
06490
0641
0642
0643
0644
0643
0646
0647

END TISSUE UPDATE PROCEDURES

SRS SH TH NN BB L SN SE BB B S LU L L L)

END OF UPDATE, GO UPDATE NEXT TISSUE OR DROP THROUGH TO COMPUTE
THE INSTANTANEOUS ARSCENT DEPTH IF ALL "NTISS" TISSUES MAVE BEEN
UPDATED.
00 CONTINUE
SR0SA84RIRERRA0BUCANRCRENR VBN AR RNRE RN BRNSBREVAASAREGRARAERERERNNSEEES
END OF TISSUE UPDATE LOOP

0000000404000 0000300444 2V N BB RV VB NS BB HE U B SR GNRU KAV BRRR VR LSRN G BN

»n SSesSE RS SRS NS 0 s
INSTANTANEOUS ASCENT DEPTH COMPUTATION PROCEDURE
START AT 30 DEPTH INCRENMENTS AND WORK UP ONE DEPTH INCREMENT AT A

TIME UNTIL AT LEAST ONE TISSUE TENSION EXCEEDS ITS MaxXIMuM
ALLOWABLE VALUE.

e WP WS W R0 0 BB G R -n - e my

OO0 OOCODOOO0DDOUOOOOOOOO0

IJ =30
00O S50 J4=t,30
DO 310 I=Y,NTYISS
IFCP{L).GT.MC1,14)) GO TO 600
S10 CONTINUE
SSo TJulJ=-t

c
[ SUBSCRIPT "1J" QF ARRAY "M" SPECIFIES NUMBER OF DEPTH INCREMENTS
c FOR THE INSTANTANEOUS ASCENT DEPTH (1AD)>.
c
600 1AD=D INC»1J
[
[» *
c
[ END INSTANTANEOUS ARSCENT DEPTH COMPUTATION PROCEDURE
c
Cc e
(o
c ALL DONE, RETURN
Cc
RETURN
END
ENDS

82-11
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ANNEX B-3

SUBROUTINE UPDT7 .
EXPONENTIAL-EXPONENTIAL VERSION
LISTING




9001
8602
0003
0004
0003
00ué
a007
0003
0009
QU110
0011
0012
6013
QU1 4
00!
00t6
0017
0018
0019
0029
o2t
0022
0023
2024
0023
0026
0027
0028
0029
0030
3931
0032
0033
0034
0035
0036
0037
6038
0039
0040
0041
Q042
6043
0044
0043
0046
0047
0048
0049
00S0
00T1
0082
00%3
0084
0033
0056
0057

LUPCTE Ta(0004 IS ON CROCO12 USING 00097 BLKS R=0000

FTN4

O0OOCOCOOOOOOO0000000O0000000GO0O0O0

000000000 ODOGOOOOOOOOO00

SRSHAKNA20000500N R AR EG 0 ARG RS RU AN NG SR RR IR RBAN KR NANERNARARINEE A AN G4

SUBROUTINE UPDT7, 24 SEPT 82 VER 2.1

EXPONENTIAL-EXPONENTIAL VERSION

UPDATES THE TISSUE INERT GAS TEHSIONS IN ARRAY “P" (OYER A SPECIFIC
TIME INTERVAL “TC* FOR A SPECIFIED OEPTH CHANGE “DC®. A VYALUE GF
0.0 15 LEGAL FOR BOTH “TC* AND “DC". RSSUMES GRS UPTAKE AND
ELIMINATION 1S ALWAYS EXPOUNENTIAL. PROVISION 1S MADE FOR

DIFFERENT EXPONENTIAL TIME CONSTANTS FOR UPTAKE AND ELIMINATION.
THE TRANSITION BETWEEN THE TWO TIME CONSTANTS 1S ALUWAYS MRDE AT A
MAXIMUN OR MINIMUM SO THERE IS NO DISCONTINUITY IN THE SLOPE OF
THE EXPONENTIAL FUNCTION,

[
@ URITTEN BY 9
° @
@ CDR EDVARD D. THALMANN <¢MC> USN @
@ @
[ Q
L U.S. NAVY EXPERIMENTAL DIVING Q
¢ UNIT ]
] PANAMA CITY,FLORIDA 32407 9
Q @
@ @

9230000909090 000000007000090206620060

P T T T TR
* YARIABLES =

LT T Tt T
L] INTERMEDIATE VARIABLE FOR COMPUTATIONS
ANBAO2 AMBIENT-ARTERIAL OXYGEN GRADIENT (FSW) )
8 INTERMEDIATE VARIABLE FOR COMPUTATIONS
c INTERMEDIATE VARIABLE FOR COMPUTATIONS
CDEPTH CURRENT DEPTH (FSW OR MSW)>
CF METRIC CONVERSION FACTOR
CcrPo2 CONSTANT PARTIAL PRESSSURE 027?
oc DEPTH CHANGE (FSW OR MSW)
DESAT TISSUE DESATURATING?
DINC STOP DEPTH INCREMENTS (MSWU OR FSW)>
FN2 INERT GAS FRACTION
HLFTN TISSUE HALFTINES (MIND
10 INSTANTANEOUS ASCENT DEPTH (FSW OR MSW¥)>
14 DEPTH (ROW) SUBSCRIPT FOR ARRAY "M*
K EXPONENTIAL TIME CONSTANT C1/NIND
KDSAT TINE CONSTANT FOR DESATURATING TISSUES (1/MIN)D !
KSAT TINE CONSTANT FOR SATURATING TISSUES C1/MIND -j
M TISSUE MAXIMUN GAS TENSION ARRAY CFSW)
NT1SS NUNMBER OF MALFTIME TISSUES <9 MAX.)
P TISSUE GAS TENSION ARRAY (FSW)
PACO2 ARTERIAL CO2 PARTIAL PRESSURE (FSW>

Il
PAME AMBIENT PRESSURE (FSW)> :

B3~1t 1




0083 ¢ PAND ARTERIAL INERT GAS TENMSION (FSuW)

0usS9 ¢ PRO2 ARTERIAL 02 TEKSION (FSW)

Q080 C PBOVP CAS PHASE OVERPRESSURE C(FSU)

ouér C PH20 PARTIAL PRESSURE OF WATER VAPOR (FS¥)>

0062 C PO2 INSPIRED OXYGEN PARTIAL PRESSURE (ATA)

0063 C PT1ISS TISSUE DISSOLYED INERT GAS TENSION (FSu) .
0064 C PVC02 VENOUS CO02 PARTIAL PRESSURE (FSW>

006 C PY02 VENOUS 02 PARTIAL PRESSURE (FSW)

0046 C RAME RATE OF ANBIENT PRESSURE CHANGE (FSW/MIN)

0067 C RATE RATE OF DEPTH CHANGE (FS¥ OR MSW/MIN)

0088 C RINRT RATE OF INSPIRED INERT GAS TENSION CHANGE C(FSW/MIN)

VoRy ¢ SOR SATURATION=-DESATURATION HALFTINE RATIOC

80720 TC TINE CHANGE DURING QASCENT (MIN)

007t ¢ TI TINE INTERVAL FOR LINEAR-EXPONENTIAL CROSSOVER <(MIN)

0072 C TNODE TIME OF MINIMUM OR MAXIMUM TISSUE TENSION (MIN)

0073 ¢

0074

00?S C NOTE: FOR PARTIAL PRESSURES UHICH ARE IN FSW., 33 FSu=1 ATA.

0078 C

00?? C

0078 CHAISUSUABUBANNARENERO0R 0400 BB ARG S0 RABNBARE SN SESENEHRAVEBNA BB BN HRBHRES

0079 ¢

0030 CHESNISAE280UASI00INANCORIBNNER0ERS0AGNABSRSRERRESNARUINUENVUAADEAR08240

et C SR B0 AR S B B0 $0 04 B0 B0 48 0B

0nd2 ¢C = SUBROUTINES REQUIRED »

0084 C

0088 C NONE

0086 C

3087 CansanssosittssnttiiastisstitonfuitntasititieaRstfadRelisantitdsliatiiinas

0033 C

0039 C MODEL INPUT VARIABLES

0090 C THESE ARE THE ONLY VARIABLES SENT FROM THE MAIN PROGCRAM TO THE

0097 C MODEL SUBROUTINES. THIS COMMON STATEMENT NUST APPEAR IN ALL MODEL

0092 C SUBROUTINES.

0093 C !
0034 COMMON/MDATA/ TC,DC,CDEPTH,RATE, CPO2,FN2,P02,DINC,CF

00938 C

0096 C NODEL CONMOM

0097 ¢ THESE YARIABLES ARE SENT BETWEEN MODEL SUBROUTINES ONLY.

0098 C THESE COMMON STATENENTS MUST APPEAR IN ALL NODEL SUBROUTINES.

0099 C

0140 COMMON/PARAN/NCI,30),P(9),HLFTH{9),NT1SS,80R(9), 1AD

0101 COMMON/BLDVL/PACO2, PH20, PYCO2, PY02, ANBAO2, PBOVP

0182 C

0103 C

0104 LOGICAL CPO2,DESAT

810% REAL M,K,KSAT,KDSAT

0106 C

0107 C

0108 ¢C

0109 C INITIALIZATION PROCEDURE

0110 C :
o111 ¢

0112 ¢C e :
0113 ¢ '
:11; g IF TIME INTERVAL °“TC*® I8 0 MO UPDATE NEEDED. )
1t

o116 1IF¢TC.EQ.0.0> RETURN :
01172 ¢

83-2




P e 0

019 ¢ RATES OF AMBIENT PRESSURE CHANGE ALWAYS IN FEET/MIN, CONVERY

113 ¢ METRIC RATES TG FEET/NMIN. SET RATE TO 0 IF NO DEPTH CHANGE.

0120 C CONMPUTE INITIAL ANMBIENT PRESSURE.

o9tzgt ¢

Q122 RAMNB=CFeRATE

0123 IF(DC.EQ.0.) RANB=0,

0124 PAMB=CDEPTHeCF ¢33

0125 C

0126 C FOLLOWING VARIABLES DEPEND ON WHETHER CONSTANT OXYGEN PARTIAL

0127 ¢ PRESSURE OF CONSTANT INERT CAS FRACTION USED. LOGICAL VARIABLE
0128 C "CPO2" IS TRUE FQOR CONSTANT P02 OTHERWISE IT'S FALSE.

0129 ¢C

0130 IF(CP02) GO TO 30

0131 PACZ=( PANB~-PH20 >=( 1 ~FN2 )-ANBARO2

8132 RINRTaFN2*RAME

0133 GO TCO 40

0134 30 PA02=P02%33ue( |, 0-PH20'PANB ) ~-AMBAO2

0138 RINRT=RANB

01356 40 CONTINUE

0137 C

0138 Cas senne LY T PT e TP - e LT T
0139 C

0140 C END INITIALIZATION PROCEDURE

0143 c

U142 C Lo 1 1 0] e .
0143 ¢

0144 C

0145 CHASSABAARB5ABA NGB TNIREEBI BV SV U R HU VS BE IR BT ABOSBBBS0BR A RBRGRBDS
0146 € ,
0147 (¢ TISSUE UPDATE LOOP

0t43 C

0149 ¢ ERECUTE LOOP FCR ALL *NTISS"™ TISSUES.

0150 C

0151 CHNSBRE4A0800RR084 800000 0400000000000 RE RSN S GNGEBRANS RSB RABUNNSAIN 04
0182 C

0tS3 C COMPUTE TIME CONSTANTS FOR SATURATING AND DESATURATING TISSUES
01S4 C C"KSAT" AND “KDSAT"). INITIALIZE ARTERIAL INERT GAS TENSION. !
1SS C

0156 DO S00 1= ,NTISS

0187 KSAT=ALO0G( 2. 0)/HLFTMK 1)

01358 KDSAT=KSAT+SDR( 1)

3188 PAN2=PARB-( PAD2+PACO2+PH20)>

0160 C

0161 C INITIALIZE TISSUE TENSION TO DEFAULT VALUE.

0t62 C

0163 PTISS=PCI)

0164

0163 C

0166 ¢C

0167 C NODE 'TIME COMPUTATICN PROCEDURE

0168 C

0169 C THIS PROCEDURE CHECKS TO SEE IF INITIALLY EXPONENTIALLY SATURATING
0170 C OR DESATURATING TISSUES WILL GO THROUGH A MINIMUM OR MAXIMUM

0171 C C(NODE ) DURING THE TIME INTERVAL “TC“., IF A NODE OCCURS THE TISSUE
0172 ¢C TENSIONS ARE UPDATED TO THE TIME OF THME NODE < TNODE) BEFORE GOING
01?3 ¢C TO THE EXPONENTIAL UPDATE PROCEDURE.

0174 C

01?28 C EXITS "TO STATEMENT 400

01?6 C

01?7 ¢

83-3
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0178
0179
6180
01981
0182
0133
01394
01335
0136
0137
0138
9139
0150
0191
0132
0133
0194
0195
0196
0197
g198
3139
0206
0201
02902
0203
0z 04
0203
3206
0207
0208
0209
0210
0211
0212
0213
0214
0213
9216
02t?
0218
0219
0220
0221
0222
0223
0224
0223
0226
0227
0228
0229
0230
0231
0232
0233
0234
023s
0236
0237

c
c SET "TI"® (TINE REMAININC IN INTERVAL "TC" AFTER NODE HAS OCCURED)>
[ TO *TC* INITIALLY.
c
TI=TC
c
c IF TISSUE INERT GAS TENSION GREATER THAN ARTERIAL IT°S
c DESATURATING OTHERWISE IT‘'S SATURATING ¢ “DESAT” IS FALSE).
c
DESAT=.FALSE.
IF(PTISS.GT.PAN2) DESAT=,TRUE.
c
c IF NO DEPTH CHANGE NO NODE WILL OCCUR,
c
IFCRATE.EQ.0.06> GO TO 400
¢
c IF INITIALLY SATURATING AND DESCEMDING,NO NODE WILL OCCUR DURING
c “TC" AND TISSUE CONTINUES SATURATING EXPONENTIALLY.
c
IFCRATE.GT.0 .AND. .NOT.DESAT) GO TO 400
c
c INITIALLY DESATURATING TISSUES UNDERGOING ASCENT HAVE NO NODE.
c TISSUE CONTINUES DESATURATING EXPONENTIALLY.
c .
IFCRATE.LT.0 .AND. DESAT) GO TO <400
c
c COMPUTE TIME ‘AT WHICH NGDE WILL OCCUR <TNODE).
c
KaKSAT
IF(DESAT } KmKDSAT
Ca(K/RINRT )a(PTISS-PAN2)
TNODEs=< 1 /K I)8aL0G(C+t >
c
c IF *TNODE™ GREATER THAN THE TIME INCREMENT °TC* OR IS LESS THaN
c 0.0 THE NCDE WILL NOT OCCUR WITHIN THE TIME INTERVAL.
c
IF{TNODE.GE.TC .OR. TNODE.LE.0.0> GO TO 400
c
c UPDATE “PAN2® TO *TNODE" AND CONMPUTE A NEW TIME INTERVAL
¢ "TI*. AT *"TMODE®" TISSUE AND ARTERIAL INERT GAS TENSION ARE EQUAL
c BY DEFINITION.
c
PAN2=PAN2+RINRT=TNODE
TI=TC~-TNGDE
PTISS=PANZ
c
c AFTER THE NODE TISSUE GAS TRANSFER IS OPPOSITE TO WMAT IT uUAS
c INITIALLY.
¢
DESAT=a  NOT.DESAT
c
c
c
c END NGDE TIME COMPUTATION PROCEDURE
c
[
c
c
c
c EXPONENTIAL UPDATE PROCEDURE

83-4
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0233
0239
0240
0241
0242
0243
0244
0248
0246
0247
0248
0249
0450
0221
022
0283
0zs4
023
0236
0287
0553
PS4 ]
0260
0261
0262
8263
026e
0268
8266
0267
0268
9i69
0270
02?1
0272
0273
0274
02?3
0276
07?7
0278
0279
02890
0281
0282
0283
0284
028S
0286
0287
6296
0289
0290
0291
0292
0293
0294
0298
0296

P AR L LI

Cenen e BHBSN% 08 Be T Lo L
400 K=KSAT
IFCDESAT) K=KDSAT

A=PTISS-PANZ2+RINRT/K
BsRINRTsTI+PTISS
PC 1 )mAR(EXP(~KsT] )~1)+8
[
Ceunnsn snes BN ne e TS

END EXPONENTIAL UPDATE PROCEDURE

END OF UPDATE, GO UPDATE NEXT TISSUE OR‘DROP THROUGH 70 COMPUTE
THE INSTANTANEOUS ASCENT DEPTH IF ALL "NT18S" TISSUES WAVE BEEN
UPDATED.

©
o

CONTINUE
B304 088020008080 08 4008802030 88 2200 RO BAASRERRARLNLA4R ARG RERNESV SO NG
END OF TISSUE UPDATE LOOP

SRENNBEVNSSA80 RGN0 RN ARV BN AR AR RR VAV S DA BABN SRR NARNNVRNHE AR NN AN G0S

LT ]
INSTANTANEOUS ASCENTY DEPT“ COMPUTATION PROCEDURE
START AT .30 DEPTH INCREMENTS AND WORK UP ONE DEPTH INCREMENT aT A

TIME UNTIL AT LERST ONE TISSUE TENSIOW EXCEEDS 175 MAxImum
ALLOUABLE VALUE.

O0O0O0COO0GOOOOOOCOORO00006000

1J =30
00°350 J=1,30
00 S10 I=1,NTISS
IFCACTD.CT. I, 1d)) GO TO 600
S16  CONTINUE
S3o IJdsly=t

SUBSCRIPT “"IJ* OF ARRAY “N” SPECIFIES NUMBER OF DEPTH INCREMENTS
FOR THE INSTANTANEQUS ASCENT DEPTH C(1AD)D.

OO0
(-4
o

IAD=DINC»1J

END INSTANTANEOUS ASCENT DEPTH COMPUTATION PROCEDURE

4

ALL DONE, RETURN

QO0OOO0OO0O0

RETURN
END
ENDS
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ANNEX B~4
SUBROUTINE FRSP7
LISTING




4FRSP7 T=00004 IS ON CRO0012 USING 00032 BLKS R=0000

0003 FTN4 |
0002 SUBROUTINE FRSP?(DFS), 0! MAR 83 VER 1.2
0093 ¢C !
0004 C '
0005 C FINDS DEPTH OF FIRST STOP <DFS)>. TRIAL STOP DEPTH (MIND>
0006 C INITIALLY SET TO CURRENT INSTANTANEOQUS ASCENT DEPTH (laD)>. A
0007 € TRIAL RSCENT TO *“MIND" IS DONE TO SEE IF “IAD" CHANGES DURING
0008 C ASCENT. IF "1AD" CHANGES A NEW TRIAL ASCENT FROM “CDEPTH“ TO THE
0009 C NEW “IAD™ IS DONE. ITERATION CONTINUES UNTIL THE “JAD* AFTER
H goto C ASCENT AND "MIND"* ARE EGUAL. ‘
0011 C.
0012 C DEPTH OF FIRST STOP WILL NEVER BE DEEPER THAN THE CURRENT !
o013 C DEPTH. IF ASCENTS ALVAYS WCCOMPANIED &Y APPROPRIATE DECOMPRESSION
ogt14 NGO PROBLEMS WILL OCCUR. MOWEVER, IF AN ASCENT IS TaAKEN WITKOUT
001S € DECOMPRESSION STOPS THEN A FIRST STOP DEFPTH SOUGHT, THE “1AD" MaY
0016 C BE DEEPER THAN THE CURPRENT DEPTH. IN THESE CASES THE FIRST STOP :
0017 C DEPTH WILL BE THE CURRENT DEPTH. H
0018 ¢ i
0019 C é
0020 C @972322330QRARARARANARAIRAAAAAAIZRAARA
0021 € e @
0022 C e WRITTEN BY ? 3
0023 ¢ @ @
0024 C @ CDR EDUARD D. THALMANN C(MC)> USN @ }
002% € [} @
0626 C @ e ,
0027 € e U.S. NAYY EXPERIMENTAL DIVING -]
0028 C @ UNIT @ |
0029 C ] PANAMA CITY,FLORIDA 32407 @
0030 C e ) 1]
0031 C [ Ll do gL do e ik b e e fy e o de fo b e dede R te Je Tedede b l
0032 C .
0033 ¢ i
0034 CHBRNNNINNARABNNBNRBERNNNIBRRABIRENRRRRUBIBARRBBNSRRBUNRBNGRARRIRINENIEY
0035 C o A o ol e ol ok
0036 C » VARIABLES » j
: 0037 C P T T T
} 0038 C
003% C AMBR02 ANBIENT-ARTERIAL OXYGEN GRADIENT (FSW)
0040 C CDEPTH CURRENT .DEPTH <(FSW OR NSUW)>
0041 C CF METRIC CONVERSIGN FACTOR
! 0042 € cPO2 CONSTANT PARTIAL PRESSSURE 027
M 0043 C DC DEPTH CHANGE <(FSW OR MSuW> I
! 0044 C DFS DEPTH OF FIRST STOP (FSW OR MSW> i
? 0045 C DINC STOP DEPTH INCREMENTS (FSW OR MSUW) ¥
; 0046 C FN2 INERT GAS FRACTION ’
; 0047 C HLFTM COMPARTMENT HALFTIMES (MIN>
¢ 0¢48 C 1AD INSTANTANEOUS ASCENT DEPTH < FSW OR MSW)>
: 0049 C IADTMP VARIABLE TO TEMORARILY STORE CURRENT VALUE OF "lAD".
i 0050 € LRSTIT LAST TIME THROUGH ITERATION LOOP?
i 0051 € M COMPARTMENT MAXIMUM GRS TENSION RRRAY (FS5U3>
0032 € MIND TRIAL FIRST STOP DEPTH <(FSW OR MSW)>
0083 ¢C NTISS NUMBER OF HALFTIME COMPARTMENTS (9 MAX.)
0054 C P COMPARTMENT GRS TENSION ARRAY (FSW)>
0088 C PACO2 ARTERIAL CO02 PARTIAL PRESSURE (FSW)>
0056 C PBOVP GAS PHASE OVERPRESSURE <(FSUW)
008? C PHZO PARTIAL PRESSURE OF WATER VAPOR (FSW)
0058 C P02 INSPIRED OXYGEN FARTIAL PRESSURE (RTA)D
B4-1 ERR 1.0
.
K. g
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0053 ¢ PVCO2 VENOUS C02 PARTIAL PRE3ISURE (FSW>

0060 C PVO2 VENOUS 02 PARTIAL PRESSURE <(FSUW)

eost € RATE RATE OF TRAVEL DURING CEPTH CHANGE C(FSli4 OR MSH/MIND

0082 C SDR SATURATION-DESATURATION HRLFTIME RATIO

0063 C TC TINE CHANGE DURING ASCENT <MIN)

0064 C ™ ARRAY TO TEMPORARILY STORE COMPARTMENT GAS TEMNSIONS

008 C

00ée C

0067 € NOTE: FOR PARTIAL PRESSURES WHICH ARE IN FSU. 33 FSW=t ATA.

0068 C

0069 C

0070 CHANNNSNNENNNIURISIRSUBN IS IRBRNB R IR HERERGBRUBBRNN VA SR BNNNSRNRNBNG0S AN

0071 C

D072 COUNNNINARNNERNRNRIR SN A SR ENSRHA VL SR NN RV UR AR SR ARAN KA REARRGARRE AN AR NNAN O

0073 € B B B N S

0074 € » SUBROUTINES REQUIRED »

0078 C W W 2 W G R R SR Re

0076 €

0077 € UPDTT UPDATES MODEL OYER i SINGLE TIME INTERvVAL

0078 €

0073 CHARANRNRURNAARAARNBHEAURRBRARVB RS HH RN BBERVVBENRUR UG RRRBBABNBRERBB0RN0RR 0

0080 C

0031 C MODEL INPUT YARIABLES

0082 € THESE ARE THE OHLY VARIABLES SENT FROM THE MAIN PROGRAM TO THE

0033 € MIDEL SUBROUTINES., THIS COMMON STATEMENT MUST APPERR IN ALL MQDEL

0084 C SUBROUTINES .

008S C

0086 COMMON/MDATA/ TC,.DC,COEPTH,RATE,CPO2.FN2,P02,DINC,CF

0037 €

0oosg C MODEL COMMOM

0039 C THESE YARIABLES ARE SENT BETWEEN MODEL SUBROUTINES ONLY.

0020 C THEZE COMMON STATEMENTS MUST SPPEAR IN ALL MODEL SUBRQUTINES.

0021 ¢ ;
0032 COMMON/PARAM/M(9,30),P(9) , HLFTM(9),NT1SS,SOR(9), IAD

0023 COMMON/BLDYL /PACC2,PH20, PYCOR2,PVO2, ANBAO2Z, PBOYP

0034 ¢

0095 ¢

0096 LOGICAL CPG2,LASTLIT

0097 REAL M

0098 DIMENSION TP(9)

0099 C

03 30  Coirtoomotnakateon ook ot oo sty ot ol Aofe o0 5o V08 ol oo 3ol 5000l e A0 3 e oo e aie i o e ot oo o ke o o e bt 303 00 0 30 o e ol e e 2 o e ok e o e !
0101 C

o102 ¢ INITIALIZATION PROCEDURE

0103 ¢C

G 1 Ok Comomome ot e bt xbosbe stols s ofe st e o ool sbeods ofeode s ot adeode sdo ot ool ookt oo ol le sk 0o oot ol o oo e ol e e 0 0 e e ol e e e e ook e e ok ok

0105 C

07106 C INITIALIZE DEPTH OF FIRST STOP TO CURRENTY DEPTH. IF "CDEPTH" EQUAL :
0107 C TO OR SHALLOWER THAN “IAD" FIRST STOP IS AT “COEPTH". .
0108 C

0109 DFS=CDEPTH

0110 IFCINT(CDEPTH)Y .LE. IAD)> RETURN

attt ¢ ;
0112 ¢ INITIALIZE "LAST ITERATION™ SWITCH, SAVE TISSUE TENSIONS AND i!
6113 C "1AD"® TEMPORARILY. I
Q114 C i
0118 LASTIT= FALSE. H
0116 DO 20 I=1,NT]SS fg
o117 20 TPCIHY>=P{ 1)

0118 IADTMP=1AD

B4=-2 ERR 1.0




0119
0120
0121
0122
0123
0124
012¢
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
6139
014¢
0149
0142
0143
0144
014S
9146
0147
0148
0149
0150
0135
9132
01S3
0154
0155
8156
01s?
0158
01359
0160
0169
0182
0163
0154
0165
0166
0167
0168
0te9
8176
0171
0172
0173
arv4
0178
0176
01??
0178

c

Crents ettt et et Gttt St G S i G a3 sl 0 ¥ v 3 00 o e 6 o0 0200 00 0 00 e 00 s 0 e s e 00 i o

c
c
c

END OF INITIALIZATION

Cronenisaten st st st st nd PRGN U DS VUSSR REUGE SN RS SR VR R WA RR AN RSN SRR NGRS ® DS

<

Creeensssstrt st st 000 840t St SS UENE AN ER G4 RE RS NG SH SR IS RERBRSNARR SR b hBH b0

o000 000 W o000 WOOOOOOOOO

N (=]

OO0 000O0LHO00 S

OO0

DEPTH OF FIRST SYOP ITERATION LOOP
ALL EXITS GO TO STATEMENT #50

SRRSO RBREO SR SR D BB 00 S B R el G h o e ko ey o e o ol o s ol o o o ool o o 0 e o e e

TRY FIRST STOP DEPTH AS "1AD”. DEFINITION OF RSCENT CRITERIA
REQUIRES THEY BE MET “DINC” DEEPER THAN FINAL FIRST STOP DEPTN.

MIND=14D
DC=MIND-CDEPTH+DINC
TC=DC/RATE

SUBROUTINE UPDT? WILL COMPUTE NEW “IAD* AFTER TRIAL ASCENT.
REESTABLISH TISSUE TENSIONS AFTER CALLING SUBROUTINE UPDTY.

CALL UPDT?
DC 32 I=1,NTISS
PCIOsTPC L)

IF "1AD" HASN’'T CHANGED OR HAS DECREASED DURING TR1AL ASCEKT TO
"MIND+DINC" THEN ARSCENT TO "MIND" MAY BE POSSISLE WITHOUT
YIOLATING THE ASCENT CRITERIA. GIVE IT A TRY. REESTABLISH TISSUE
TENSIONS WHEN DINE,

IFCIAD .GT. MIND)> GO TO 42
DC=MIND~-CDEPTH

TC=DC/RATE

CALL UPDT?

DO 40 I=1,NTISS

PCIDATPCDD

IF NEW “IAD" AND "MIND"™ EGUARL AFTER TRIAL ASCENT, UWE'RE DONE.
IFCIAD.EQ.MIND> GO TO SO

IF NEW “I1AD" 1S SHALLOWER THAN “MIND" SET “LASTIT® TO YRUE. THIS
WILL STOP THE ITERATION IF *lRD™ BECOMES GREATER THAN "MIND* THE
NEXT TIME AROUND. THIS WILL PREVENT GETTING STUCK IN THE LOOP IF
THERE 1S A TISSUE STILL SATURATING AT “MIND" IN WHICM CASE "1lAD®
WILL NEVER EQUAL *“MIND"* BUT WILL OSCILLATE ONE DEPTH INCREMENT
DEEPER AND SHALLOWER ON SUCCESSIVE ITERATIONS. IN THESE CASES THE
FIRST STOP DEPTH 1S THE FIRST VALUE OF "MIND" WHICH CAUSES "lAD"
TO INCREASE 1IN YALUE AFTER IT HAD DECREASED ON THE PREVIOUS
ITERATION,

IFCIAD.LT.NIND ) LASTIT=, TRUE.
IFCIRD .GT.MIND .AND, LASTIT, GO TO S0

SET UP FOR ASCENT TO NEW "laD™,
Co TO 30

B4-~3 ERR 1.0
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0179
2180
0181
0182
183
0134
01385
0196
0137
0188
0139
0190
0191

0192

c

CHPNNR SR RU AT SO BE PR RS SPGB BB 5 G0 Wk w0 P D Gl ks o 00 o e 8 o o oo 0 B

c
C
c

c
C
C

S0

END OF ITERATION LOOP

Coe Bt a0 E B0 R0 SR BRG0P B NG PSR B S kol 000 s ool 00 1000 o 000 02 o 200 o0 20 o e e o o

REESTABLISH "1R0". DEPTH OF FIRST STOP IS *"MIND",

1AD= JADTHP
DFS=sMIND
RETURN

END

ENDS

B4-4 ERR 1.0




ANNEX B-~5

SUBROUTINE STIM7
EXPONENTIAL~LINEAR VERSION
LISTING




SETINT T=009004 IS ON CRO0012 USING 000SS BLKS R=0000

900t FTNe
0002 SUBROUTINE STIM7C¢TINME,SDEPTH), 24 SEPT 82 VER 1.4
0003 C
0004 C EXPONENTIAL-LINEAR VYERSION
800S C
0006 C FINDS THE TIME WUHICHN NEEDS TO BE SPENT AT °*CDEPTH" IN ORDEK
00e? € TO ASCEND TQ “SDEPTH". "SDEPTH™ IS USED TO COMPUTE THE DEPTH (ROU)>
8008 C SUBSCRIPY *1J® FOR ARRAY °“M*. IF *“SDEPTH®" IS NOT AN EXACT MULTIPLE
0009 C OF “OINC® “1J" POINTS TO THE NEXT SHALLOWER DEPTH WHMICHM I1S. N
0010 C ORDER TO ASCEND TO “SDEPTH® SUFFICIENT TIME MUST BE SPENT AT
001y ¢ “CDEPTH" SO THAT ALL TISSUE TENSIONS BECOME LESS THAN QR EQUAL TO
o2 C THE MAXINUN TISSUE TENSIONS IN THE "I1J" ROW OF THE ARRAY *"N*,
0013 ¢ THE NORMAL MODE IS FOR THE NEXT STOP TO BE ONE "DINC® SHALLCOWER
001e C THAN THE CURRENT DEPTH. WHEN THE NEXT STOP IS MORE THAN ONE “DINC"
go'S C SHALLOWER THE INITIALLY COMPUTED STOP TIME IS SHORTENED TO TAKE
3616 C ADVANTAGE OF THE ADDITIONAL DECOMPRESSION GAINED AFTER THE FIRST
0017 C YDINC" OF ASCENT.
0018 C
0019 C
0020 C 9009000000900 0000000090000000060000060
9621 C [ 1]
0022 C 9 WYRITTEN BY ]
0023 C @ [}
0024 C @ CDR EDUVARD D. THALMANN <(MC> USN @
0025 C [ [
0026 C ] [}
0027 ¢C [} U.S. NAYY EXPERIMENTAL DIVING ]
0022 ¢ ? UNIT [}
302¢ C ? PANANMA CITY,FLORIDA 32407 @
8030 C ] [
003t C 200300000 90N 900000000000 000000@0600Q0
0032 C
0033 CHNdSHENUENA0RA0SSRRERERR000808 08080808 0800008880 08808000808 RER0RNR0H
0034 C W N e el Wk W
803 C * VARIABLES »
0036 C BEBNB SR AN PSS
0037 C
0033 ¢ ANBACG2 AMBIENT-ARTERIAL OXYGEN GRADIENT (FSW)
803% C CODEPTH CURRENT DEPTH ¢(FSW OR MSW)
0040 C CF METRIC CONVERSION FACTOR
0041 C cPO2 CONSTANT PARTIAL PRESSSURE 027
00642 C oC DEPTH CHANGE (FSW OR mMsSu)
0043 C DFS DEPTH OF FIRST STOP (FSW OR MSW>
0044 C DINC STOP DEPTH INCREMENTS (FSW OR MSW)>
0043 C FIRSTM FIRST TIME THROUGH OPTIMIZATION PROCEDURE?
0046 C FN2 INERT GAS FRACTION
0047 € HLFTM COMPARTMENT MHALFTIMES (MIN)
0048 C 1AD INSTANTANEOUS ASCENT DEPTH (FSW OR MSW)
0049 ¢C 1ADTHP TEMPGRARY 1AD STORAGE
0050 C IDFs HAS “DFS" EVER BEEN GREATER THAN *SDEPTH"?
008t C 1y OEPTH C(ROW)> SUBSCRIPT FOR ARRAY "M®.
0082 C KDSAT TINE CONSTANT FOR DESATURATING TISSUE (1/MIN>
0083 C KSAT TIME CONSTANT FOR SATURATING TISSUES C1/MIN)
0084 C [, ] COMPARTMNENT MAXINUM GAS TENSION ARRAY C(FSW)
0088 ¢ NTISS NUMBER OF HALFTIME COMPARTMENTS <9 MAX.)
00S6 C [ 4 COMPARTMENT CGAS TENSION ARRAY (FSU¥)>
00S? C PACO2 ARTERIAL CO2 PARTIAL PRESSURE (FSW>
8S-1

eI AT PP .




00%6
0039
0060
0061
006
0063
0084
0063
0066
0067
3068
0069
0070
0071
0072
9073
0074
007S
0076
0077
0073
0079
0030
0081
005z
4033
00Be
0083
0086
eo027”
0088
0039
0090
081
0092
4093
3094
0038
0096
0097
0698
6029
0190
o101
0102
0103
0104
0103
0106
0107
0108
0109
0110
0111
0t12
6113
[2RY }
0113
0116
0117

Pang AMBIENT PRESSURE (F3W)

PAN2 ARTERIAL INERT GAS TENSION (FSW)

PAO2 ARTERIAL 02 TENSION (FSW)

PBOVP GAS PHASE OVERPRESSURE (FSW)

PHZO PARTIAL PRESSURE OF WATER VAFOR (FSU)
PLIN INERT GRS TENSION AT END OF LINEAR UPDARTE <(FSUW)
PO2 INSPIRED OXYGEN PARTIAL PRESSURE (ATA)
PVCO2 VENOUS C02 PARTIAL PRESSURE (FSU)>

PVYN2 VENOUS INERT GAS TENSION (FSW)

PVQO2 VENOUS 02 PARTIAL PRESSURE (FSU>

RATE RATE OF TRAVEL OURING DEPTH CHANGE C(FSW OR MSU/MIN)>
SDEPTH NEXT DEPTH AFTER STOP (FSW OR MSW)

SOR SATURATION-DESATURATION HALFTIME RATIO

T TRIAL NO DECOMPRESSION TIME (MIN)

TC TIME CHANGE DURING ASCENT (MIN)

TDSAT STOP TIME FOR OESATURATING TISSUE (MIN)
TEXP TINE FOR EXPONENTIAL UPDATE PORTION C(MIND
TIME STGP TIME (MIND

TLIN TIME FOR LINEAR UPDATE PORTION (MIN)

™ TENPORARY GAS TENSION STORAGE ARRAY

T3AT STOP TIME FOR 3ATURATING TISSUE <(MIN>

NOTE: FOR PARTIAL PRESSURES WHMICH ARE IN FSW. 33 FSW = 1 ATA.

SO0 4IRBAREBANGRRLANBA AV NARA AV EDEP SVABRUGA NS SH BV GO BU ALV BN OB 4B RBIN NS

V2484083040000 30 004083 04 34 R00050 00 00000000 08 000U DN SN NV SRV USARENUS

WIS A R AR Nl A 2 2 W A2 P W

« SUBROUTINES REQUIRED =

uPDT? UPDATES TISSUE TENSIONS, COMPUTES *“1aD*
FRSP?7 CONPUTES DEPTH OF FIRST STOP

FRBAAERUBRRIBIRARNAVAI AR BABANNHA SV HARARR A RO BA VRN RN UARRUR NN ERRE RN

MODEL INPUT VARIABLES
THESE ARE THE ONLY VARIABLES SENT FROM THE MAIN PROCRAM TO THE
MODEL SUBROUTINES. THIS COMNON STATENENT MUST RPPEAR IN ALL MGDEL
SUBROUTINES.

COMMON/MDATA/ TC,DC,CDEPTH,RATE,CPO2,FN2,P02,DINC,CF
MODEL CONMMOM

THESE VARIABLES ARE SENT BETWEEN NODEL SUBROUTINES ONLY.
THESE COMMON STATEMENTS MUST APPEAR IN ALL MODEL SUBROUTINES.

OO0 00000000000 NOO0000000COO0O00O00O00000G60000O00COC0

COMMON/PARAN/NCS,30)5,P<(9), HLFTNC(9),NT18S,SDRC(9 ), IAD
COMMON/BLDVL/PACO2,PH20, PYCO2, PY0O2, ANBAC2, PBOVP

c
c
LOGICAL CPO2,1DFS,FIRSTN
REAL M,K,KSAT,KDSAT,TPC9)
c
c -
[
c INITIALIZATION PROCEDURE
[+

9%-2




0118
0119
0120
0121

0122
0123
0tz4
012%
0126
0127
0122
0129
0130
0131

0132
0133
0134
013S
0136
0137
0138
0139
G140
3141

0142
3143
G144
314S
3146
J147
3148
8143
0159
0151

0152
01%3
0154
015S
0156
0157
0158
0159
0160
0161

0162
0163
0164
0165
0166
0167
0168
0169
0170
0171

0172
0173
0174
01?78
0176
0177

COBEAERBITLAFERSITIESNBCACAER AL LGRSV ES ARV AA AN LA ARV AR BE SR EH TSR E L 40 *
; COMPUTE AMBIENT PRESSURE IN FSU.

- PANBaCDEPTH»CF+33.

g IF CPO2 SET USE CONSTANT P02 MODE FOR COMPUTING P0O2. COMPUTE

E VENOUS AND ARTERIAL INERT GCAS TENSIONS.

PRO2a( PANB~-PH20 d»( 1 —-FN2 )-ANBAO2

IF(CPO2) PAO2wP02+33.4C 1, 0-PH20/PANB )-AMBARO2
PYN2=PANB-C PY02+PYCO2+PH20)+PBOVP
PAN2=PAMB~{ PAO2+PACO2+PH20>

INITIALIZE SATURATION AND DESATURATION TIMES.

OO0

TDSAT=0.0
TSAT=9999.

COMPUTE DEPTH SUBSCRIPT FOR ARRAY *M" CORRESPONDING TG *SDEPTH".
1Jn(SDEPTH/DINC >+t

bt 2 L2 ] SO SC VSNBSS PN NP BRSNS

END OF INITIALIZATION

b 2 L L PRSP SB WY WD B NN G0 L2 b L L L) L1 L L L EE LT}

e mean Iz TP PP P R T B R R LR P LS PL D P L P P P
TRIAL DESATURATION AND SATURATION STOP TIME CONPUTATION PRUCEDURE

STOP TIME IS THE TIME AT WHICH TISSUE DISSOLVED INERT GAS TENSIGCN
(PC1)> EQUALS THE MAXIMUM PERMISSIBLE TENSION AT THE NEXT DESIRED
DEPTH. AT A GIVEN STOP SOME TISSUES MARY BE SATURATING, OTHERS
DESATURATING. THE STOP TIME IS THE LESSER OF THE SATURATION TINME
AND DESATURATION TIME TO THE MAXIMUM VALUE IN ARRAY “M*,

-l s a0 o0 o

COMPUTE TRIAL SATURATION OR OESATURATION STOP TIME FOR EACH TISSUE

COoOOOOOODOO000O00COGOO0GO0O 000

DO 303 I=1,NTISS

c
c COMPUTE TIME CONSTANTS FOR SATURATING AND DESATURATING TISSUES.
c
KSAT=ALOG(2.0)/HLFTNC 1)
KDSAT=KSAT*SDR( 1)
c
c IF TISSUE SATURATING GO TO SATURATION TIME COMPUTATION.
c

. IFCPCID.LLE.PAN2S GO TO 100
E¢¢ooooooo¢¢¢¢o¢¢¢¢¢¢¢¢o+o¢¢o¢o¢+¢¢¢¢¢0¢¢¢¢¢¢000¢¢¢¢¢o+¢¢¢0oo¢oooooooooo
c

c FIND TRIAL STOP TIME FOR DESATURATING TISSUES
g¢¢¢¢¢¢o¢¢¢¢¢¢+0¢0¢00000000040400++0040¢¢¢¢0¢0000¢¢0¢¢¢¢¢¢¢¢¢¢00¢¢ooo¢¢¢
c
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o000

COOMOOO0O0D o000 0oO6O0000 OO0 oO0CO0O0 (s e NyNe]

o

DOOOOOOO00O0 AOOO0

. - = . B L - . - s - R
ERlEUICIYS © BTN RRR PRV D SRR 3T WL SR aril

[T E T R 2 S o T R T R R P A Y R Y PR L D

IF TISSUE TENSION LESS THAN THE MAXIMUM PERMISSIBLE TENSION THEN
THE TRIAL STOP TIME 1S 0.0.

T=0.9
IF(PCID.LE.I,1J)5)> GO TO 50

IF ARTERIAL TINSION GREATER THAN MAXIMUM PERMISSIBLE TENSION THEN
STOP TIME IS INFINITE (9999 NMIN.).

T=9999.
IFCPAN2.GE . MCT, 142> GO TO SO

IF TISSUE TENSION LESS THAK "PVUN2® TISSUE IS ALREADY IN THE
EXPONENT1AL PORTION OF DESATURATIGN AND LINEARR PORTION OF THE

STOP TIME IS 0.0. THIS IS ACCOMFLISHED BY SETTING “FLIN® TO “F<CI)*
S50 *TLIN® WILL BE COMPUTED AS 0.0.

IFCPCID.LE.PYN2) PLIN=PC])

COMPUTE STOP TIME FOR THE LINEAR PORTION OF DESATURATION. "PLIN™
IS THE VYALUE OF THE TISSUE TENSION AT THE COMPLETION OF THE LINEAR
DESATURATION TO THE MAXIMUM TI1SSUE TENSION.

IFCPCIDN,GT.PYN2)Y PLIN=PYN2

IF(MCT,TJ).GE.PYN2) PLINuMCI, 1)

TLIN=C 1 /KDSAT Y (PLIN=PC 1) X/ (PAN2-PYN2 )

IF THE MAXIMUM TISSUE TENSION GREATER THAN "PYN2* NO EXPONENTIAL
DESATURATION WILL OCCUR AND EXPONENTIAL PORTION OF THE STOP TIME
WILL BE 0.0,

TEXP=0.9
IF(MCI,1J3.GE.PVN2) GO TO 490

COMPUTE EXPONENTIAL PORTION OF THE STOP TINE,
TERP=C 1 /KDSAT )#AL OGS CPLIN=-PAN2 )/¢(NC( T, 1J)~-PAN2))

DESATURATION STOP TINE IS THE SUM OF THE EXPCNENTIAL AND LINEARR
TINMES.

T=TLIN+TEXP

LARGEST ALLOWABLE TINME IS 9999 MIN. WHICH IS ESSENTIALLY INFINITE.
IFCT . GT.9999.) T=9999.

SAVE LARCEST DESATURATION TIME LOMPUTED SO FaR.

TOSAT=AMAX1( TDSAT, T
GO TO 300

<+ oy

TRIAL STOP TIME COMPUTATION FOR SATURATING TISSUES

PEFLPP PP PEPPPPPPICOP IR PP PP PP PP HP PP PP CF AP L PL VPP PP PP VPP LGS 4 2GS 4 4444 ¢

SATURATION TIME I8 0.0 IF TISSUE TENSION ALREADY GREATER THAN THE
MAXIMUM PERMISSIBLE VALUE.
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0238
0239
0540
0241
0242
0243
0244
0243
0246
0247
0248
0249
0250
021
0282
0293
024
02sS
0286
<S
02S3
0239
9260
0261
282
0263
0264
0265
0266
0267
0263
<69
0270
0271
0272
0273
0274
0273
0276
0277
0278
0279
0260
0281
0282
0283
0284
0283
0286
0287
0288
0289
0290
0251
0292
0293
0294
029%
0296
0297

(o]

190 T=0.0
IFCPCL).GE.MC1,14)) GO TO 150
c
¢ WILL MEVER REACH MAXIMUM VALUE IF ARTERIAL TENSION LESS THAN THE
< MAXINMUM PERMISSIBLE VALUE.
c
T=9599.
IFCFAN2 .LE.MC1,143) GO TO 1350
c
c COMPUTE SATURATION TINE.
c
Ta( 1/KSAT )8l 0GP I D=PANR )/CNC T, 1J)-PAN2))
IFCT.LT.0.0) T=0.0
c
c SAVE THE SMALLEST DESATURATION TIME SO FAR THEN GO BACK AND DO
c ANOTHER TISSUE OR DROP THROUGH IF ALL “NTI3S" TISSUES DONE.
c
1S90 TSAT=AMINICT, TSAT)
300 CONTINUE
C
T TSI ST LI E L PR P PP TR S PR T LB P Y - L1 P L
c
C END TRIAL STOP TIME COMPUTATION PROCEDURES
c
CHORABGERESRNEN 08 0SB BE 00 00 58 S8 $1 D@ G040 e e
[
C TIME IS LESSER OF SATURATION AND DESATURATION TIME.
C
TIME=AMINICTSAT, TDSAT)
c IF NEXT DEPTM ONLY “DINC" SHALLOWER WE'RE DONE.
C
IFCCCDEPTH-SDEPTH).LE.DINC> RETURN
c
< IF TRIAL STOP TIME 0.0 OR 9999 THEN NO OPTIMIZATION, RETURN,
c

IF{TINE.EQ.0.0 .OR. TIME.GE.9999.) RETURN

STOP TIME OPTINIZATION PROCEDURE

IF ASCENDING MORE THAN ONE ‘STOP DEPTH INCREMENT AFTER TAKING A
DECOMPRESSION STOP SOME ADDITIONAL TISSUE OFFGASSING MAY OCCUR
DURING ASCENT. IF POSSIBLE THE STOP TIME IS SHORTENED UNTIL THE
DEPTH OF THE F1RST STOP <DFS) AS COMPUTED BY SUBROUTINE FRSP? IS
JUST EQUAL TO "SDEPTH™. THIS IS DONE 8Y FIRST SHORTENING THE

STOP TIME IN 0.t WMIN. INCREMENTS UNTIL “DFS"™ EXCEEDS “SDEPTH" AND
THEN SHORTENING -THE TIME IN 0.005 MIN. INCREMENTS UNTIL "DFS" JUST
EQUALS "SDEPTH". THE OPTIMIZED TINE [S THEN 0.00S MIN. TOO LONG AT
THE MOST.

(e X Ne Xy R R Ns Na Na N o Ny No Ny o Ne Ne Ny Ny Kyl

el mde ol 8, SR

INITIALIZE LOGICAL VARIABLES.

IDFS=,FALSE.
FIRSTN=,TRUE,




0298
0299
0300
9301

0302
0303
0304
0308
03068
0307
0308
0309
0319
9311

0313
8313
0314
03135
9316
0317
0318
oS
9320
0321

0322
8323
0324
032
0326
327
0328
4329
0330
9331

0332
0333
0334
033%
0336
8337
0338
0339
0340
0341

0342
0343
0344
034%
0346
0347
0348
0349
03%0
0331
03%2
0333
0334
03%S
03%s
0337

c STORE TISSUE TENSIONS AND CURRENT “1A0* TEMPORARILY.
¢
400 DO 410 I=t NTI1SS
410 TPCL)=PC L)
IADTNP=1AD
c
c DO TRIAL UPDATE AT “CDEPTH" AND FIND DEPTH OF FIRST STOQP.
c
0C=0.0
TC=TIME
CALL UPOT?
CALL FRSP?(DFS)
c
c RESTORE TISSUE TENSIONS AND *1AD",
c
00 424 I=t,NTISS
420 P I)>aTPC L)
1AD=1ADTNP
c
c IF FIRST STOP BELOW °"SDEPTH" TRIAL STOP TIME MAY BE TOOQ SHORT.
[
IFC(DFS.GT.SDEPTH)Y GO TQO 430
c
c "FIRSTM" SEY TO FALSE AFTER FIRST PASS.
c
FIR3TN= FALSE.
c
c IF *1DFS® HA8 BEEN SET TO TRUE BY THE PROCEDURE BELOW WE "‘RE DONE
c AS 300N AS *DFS" EQUALS "SDEPTH", WE'RE ALSC DONE IF THE TRIAL
c STOP TIME WaS DECREASED TO 0.0.
C
IFCIDF3 .OR., TIME.EG.0.3> RETURN
c
c SUBTRACT TIME IN 0.1 MIN INCREMENTS AND REPEAT TRIAL UPDATE UNTIL
c "DFS" JUST EQUALS "SDEPTH". TIMES LESS THAN 0.0 NOT ALLOWED.
Cc
TIME=ANAKIC(TINE~0.1),0.0)
GO TO 400
c
[ 1IF WE END UP HERE THE FIRST IME THROUGH OPTIMIZATION NOT POSSIBLE.
c AFTER FIRST TINE THROUGH SET “FIRSTM™ TO FALSE.
C
430 IFCFIRSTM) RETURN
FIRSTM= FALSE.
C
c INCREASE TIME IN 0.005 MIN INCREMENTS UNTIL FIRST STOP DEPTH
c DECREASES TO “SDEPTN". SETTING "IDFS* TO TRUE CAUSES EXIT FROM THE
Cc ITERATION AS SOON AS THIS HAPPENS.
c
TINEsTIME+0, 005
IDFSs.TRUE.
GO TO 400
[+
c
[~
c €ND OF STOP TINE OPTIMIZATION PROCEDURE
c
¢ -

END
ENDS
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ANNEX B-6

SUBROUTINE STIM7
EXPONENTIAL-EXPONENTIAL VERSION
LISTING




s s

&STIME T=00004 IS ON CRO0012 USING 0005! BLKS R=0000

3301
0002
0003
go0oe
0008
9006
0007
00908
8009
0019
0011
0012
0013
0014
0013
0016
0017
2013
0019
0020
a02¢
0022
0023
0024
0028
002¢
0027
0028
6029
0030
3031
0032
0033
0034
8038
0036
0037
0038
0039
00406
0041
0042
0043
0044
0043
0046
0047
0048
0049
00So
0031
00352
00S3
0034
0033
00356
003?

FTN4

CO0OO000O0OOO0O0000CODO0O00GO0GOO0OO00O0O0

0000000000000 OO00O0O000

SUBROUTINE STIM7C(TIME,SOEPTH), 24 SEPT 82 VER 2.1
EXPONENTIAL-EXPONENTIAL VERSION

FINDS THE TIME WUHICH NEEDS TO BE SPENT AT °“CDEPTH® IN ORDER
TO ASCEND TO “SDEPTH"., “SDEPTH" 1S USED TO COMPUTE THE DEPTH CROW)
SUBSCRIPT *1J” FOR ARPAY “M*, IF “SDEPTH"” IS NOT AN EXACT MULTIFLE
OF “DINC® "1J* POINTS TO THE NEXT SHALLOWER DEPTH WHMICH 1S. IN
ORDER TO ASCEND TO “SDEPTH®™ SUFFICIENT TIME MUST BE SPENT AT
“CDEPTH" SO THAT ALL TISSUE TENSIONS BECOME LESS THAN OR EQUAL TO
THE MAXIMUM TISSUE TENSIONS IN THE "1J" ROW OF THE ARRAY *n“.
THE NORMAL MODE 1S FOR THE NEXT STOP TO BE ONE “DINC" SHALLOMER
THAN THE CURRENT DEPTH. WHEN THE NEXT STOP IS MORE THAN ONE “DINC*
SHALLOWER THE INITIALLY COMPUTED STOP TIME IS SHORTENED TO TAKE
ADVANTAGE OF THE ADDITIONAL DECOMPRESSION GAINED AFTER THE FIRST
"DINC® OF ASCENT.

@
[ ] WRITTEN BY °
Q @
@ CDR EDWARD D. THALMANN CMC> USN @
Q9 @
? 9
@ U.S. NAVY EXPERIMENTAL DIVING 9
? UNIT @
e PANAMA CITY,FLORIDA 32407 e
9 @
@ 9

BHARRSDVABR3 0D 4 SRV BARB D2V DR U A BABR BN AR BRRABABH AR RAHE O RVUABB BB R0 n

3

LI T T T et

* YARIABLES =

BER BSOS SN SN0
AMBAO2 AMBIENT-ARTERIAL OMYGEN GRADIENT C(FSW)>
CDEPTH CURRENT DEPTH (FSW OR MSW)>
CF METRIC CONVERSION FACTOR
CPO2 CONSTANT PARTIAL PRESSSURE 02?
nC DEPTH CHANGE <(FSW OR MSW)
DFs DEPTH OF FIRST STOP (FSW OR MSY)
DINC STOP OEPTH INCREMENTS (FSW OR MSW)
FIRSTR FIRST TIME THROUGH OPTIMIZATION PROCEDURE?
FH2 INERT GAS [ RACTION
HLETN COMPARTMENT MALFTIMES CMIN)
1aD INSTANTANEOUS ASCENT DEPTH (FSWU OR MSY)
1ADTHP TEMPORARY [AD STORAGE
IDFS HAS "DFS" EVER OEEN GREATER THAN "SDEPTH"?
1J DEPTH CRGW)I SUBSCRIPT FOR ARRAY °RK",
KDSAT TINE CONSTANT FOR DESATURATING TISSUE < 1/MIN)
KSAT TINE CONSTANT FOR SATURATING TISSUES C1/MIN)D
L COMPARTNENT NAXINUN GAS TENSION ARRAY (FSW)
NTISS NUMBER OF HALFTIME COMPARTHMENTS <9 MaX.)
P COMPARTNENT GAS TENSION ARRAY (FSW)
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0083 C Paco2 ARTERIAL CO2 PARTIAL PRESSURE (F3SW)

0059 C PAMB ANBIENT PRESSURE (FSW)

0060 C PAN2 ARTERIAL INERT GAS TENSION (FSW)>

0081 C PAO2 ARTERIAL 02 TENSION (FSW)

0062 C PBOVP GAS PHASE OVERPRESSURE (FSW)

0063 C PH20 PARTIAL PRESSURE OF VUATER VAPOR (FSU)

0084 C PLIN INERT GAS TENSION AT END OF LINEAR UPDARTE (FSY)>

0063 C P02 INSPIRED OXYGEN PARTIAL PRESSURE (ATA)

0066 C PVCO2 VENQUS CO02 PARTIAL PRESSURE (FS¥)>

0067 C PVO2 VENOUS 02 PARTIAL PRESSURE (FSU)

0068 C RATE RATE OF TRAVEL DURING DEPTH CHANGE C(FSU OR MSW/MIN)

0089 C SDEPTH NEXT DEPTH AFTER STOP (FSW OR MSM)

99?70 C 30R SATURATION-DESATURATION HALFTINE RATIO

0071 C T TRIAL NO DECOMPRESSION TIME C(MIN)>

go72 ¢€ TC TINE CHANGE DURING ASCENT (MIN)

Go?3 C TDSAT STOP TIME FOR DESATURATING TISSUE (MIN>

0074 C TINE STOP TIME (MIND

00?8 C TF TENPORARY GRS TENSION STORAGE ARRAY

0076 C TSaT STOP TIME FOR SATURATING TISSUE (MIN)

80?7 ¢C

0078 C

0079 C NOTE: FOR PARTIAL PRESSURES WHICH ARE IN FSW. 33 FSW = 1 ATA.

0080 ¢C '
0081 C

0082 CHESRAMASARARNASAGANGNARAENBAEARAS UG GG NS RABE AR RN GS AN ENRBIGNCA4ANIERNGERN

0083 C

3084  CHENANEHR000ANENSERARSE RS RN GEVI A AR RSB UHE SR D R 0U 04 VR GRS B GE AR EHNE RS ,
0085 ¢C had

0086 C = SUBROUTINES REQUIRED =

0087 ¢C

8038 C

0039 C uPDT? UPDATES TISSUE TENSIONS, COMPUTES “IAD*

0090 ¢C FRSP? COMPUTES DEPTH. OF FIRST STOP

09t C

0092 CHAMNARANBEANNENERARNNNENEAEANARAERRNESEAGERRASEANNERESEBARNGERL R84S

0093 C

0094 C MODEL . INPUT YARIABLES

00938 C THESE ARE THE ONLY VARIABLES SENT FROM THE MAIN PROGRAM TO THE

0096 C MODEL SUBROUTINES. THIS COMNON STATEMENT MUST APPEAR IN ALL MODEL

009? C SUBROUTINES.

g098 ¢

0099 COMMON/NDATA/ TC,DC,CODEPTH,RATE, CP02,FN2,P02,DINC,CF

0100 C

etot ¢C NODEL CONMOM

0102 ¢C THESE VARIABLES ARE SENT SETUEEN MODEL SUBROUTINES ONLY.

0103 C THESE COMMON STATENENTS MUST APPEAR [N ALL NODEL SUBROUTINES.

0104 C

610% CONMON/PARAN/MCS,30),PC(9),HLFTN(9),NT188,30R(9), IAD

0106 COMMON/BLDVL/PACD2, PH20,PYCO2,PV02,AMBAO2, PBOYP

0107 C

0108 ¢ ;
0109 LOGICAL CPO2, IDFS,FIRSTM '
03110 REAL M,K,KSAT,KDSAT, TPC(9) :
o117 C

0112 ¢ !
0113 € ‘
o114 C INITIALIZATION PROCEDURE ‘
0118 ¢ !
6116 ¢C

011? €
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0118
Q119
0129
0121

0122
0123
012«
01233
0128
0127
0128
0129
013¢
9131

0132
0133
0134
0t3S
0138
0137
0138
9133
0140
0141

0142
0143
8144
G143
0146
0147
8148
0149
0130
0131

0132
0183
01S4
01SS
0136
0137
0188
0139
0160
0161t

0162
0163
0164
016S
0166
0167
0168
0163
0170
0171

01?72
0173
0174
0173
0176
01?77

c COMPUTE AMBIENT PRESSURE IN FSU.
c
PAMB=CDEPTH2CF+33.
c
c 1IF CPO2 SET USE CONSTANT P02 MODE FOR COMPUTING PO2. COMPUTE
¢ ARTERIAL INERT GAS TENSION.
c
PRO2=( PANB-~PH20 >( 1 ~FN2 )-ANBAO2
IFC(CFO2) PAC2sRO2%33. e 1, 0-PH20/PAMB )-AMBAD2
PAN2=PAMB~< PRO2+PACC2+PH20)
>
c INITIALIZE SATURATION AND DESATURATION TINMES.
c
TDSAT=0.0
TSAT=9999,

COMPUTE DEPTH SUBSCRIPT FOR ARRAY "M"™ CORRESPONDING TO *SDEPTH™.

s e N y]

1J=(SDEPTH/DINC )+

At 202 R0 N ol A N afe 20 00s 0 bt 30r 000 10 00 M A o 20 o0 oy 3 o ot R 0 2 o0k 2t ok ok ok

END OF INITIALIZATION

amnan
TRIAL DESATURATION AND SATURATION STOP TIME COMPUTATION PROCEDURE

STCGP TIME IS THE TINE AT WMICH TISSUE DISSOLVED INERT GAS TENSION
(PC1)) EQUALS THE MAXINMUM PERMISSIBLE TENSION AT THE NEXT DESIRED
DEPTH. AT A GIVEN STOP SOME TISSUES MAY BE SATURATING, OTHERS
DESATURATING. THE STOP TIME IS THE LESSER OF THE SATURATION TIME
AND DESATURATION TINE TO THE MAXIMUM VALUE IN ARRAY *M®,

COMPUTE TRIAL SATURATION OR DESATURATION STOP TINE FOR EACH TISSUE
DO 300 I=1,6NTISS
COMPUTE TIME CONSTANTS FOR SATURATING AaND DESATURATING TISSUES.

O0O00 CGOoOOOO0OOONO0OOOOO0GLHOOOO

KSAT=ALOGC2. 0 )/HLFTN( 1)
KDSATaKSAT+SDRS 1)

IF TISSUE SATURATING GO TO SATURATION TIME COMPUTATION.
IFCPC1).LE.PAN2)Y GO TO 100

y
»
)y
4
}

bl ol l & b ol o Lo s el dl ol ol s ad oot ot et 222222 2222 2L T L g

4
4

FIND TRIAL STOP TINE FOR DESATURATING TISSUES

hadd 2ol el o a n ool ol ol o S ol oL o2 oLl el ol ot ot L I i it et e St 2T oL

IF TISSUE TENSION LESS THAN THE MAXINUM PERMISSIBLE TENSION THENW
THE TRIAL STOP TIME 1S 0.9.

00000000 NO0 000
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o TS 7

0178
at?79
0180
0131

0132
0133
0184
6183
0186
0187
01388
0189
0190
0191

0192
0153
0194
013%
0196
0197
9198
0199
8200
0201

0202
0203
0204
0208
0208
20207
1208
0209
z10
0211

0212
0213
0214
0219
0216
0217
0216
0219
02290
6221

0222
0223
0224
0225
0226
0227
0229
0229
0230
0231

0232
0233
0234
0238
0236
0237

o000

c
c
c
c
c
c
c
c
<
S
c
c
c
c
c

T=0.0
IFCPCID.LE.NCI, 140> GO TO SO

IF ARTERIAL TENSION GREATER THAN MAXIMUM PERMISSIBLE TENSION THEN
STOP TIME 1S INFINITE <9999 NIN.).

T=9999.
IFCPAN2.GE.MCI,1J)) GO TO S0

COMPUTE SATURATION STOP TINMNE.

T=<¢ 1/KDSAT )AL OGP ID-PAN2)X/<MC T, 1J)=-PAN2 )

LARGEST ALLOWABLE TINE IS 9999 MIN. WHICH IS ESSENTIALLY INFINITE.
IFCT.GT.9999.) T=a9999.

SAVE LARGEST DESATURATION TIME COMPUTED SO FaR.

TOSAT=ANAXIC TDSAT, T)
GO TO 300

FLPPP PP P PP P4 PP PE S PL PP PP EF PP PP LV PP POPP P S PP PP PP H S S S 4P E PSP S G40 S 44 44

TRIAL STOP TIME COMPUTATION FOR SATURATING TISSUES

CHett sttt t ittt t sttt Pttt i 400000 0000 0P S0 4L L PP PP PP PP LS P LS L P44 E 444 4444

o000 0000

o000

SATURATION TIME IS 0.0 IF TISSUE TENSION ALREADY GREATER THAN THE
MAXINMUM PERMISSIBLE VALUE.

T=0.0
IFCPCIY.GE.WI,14)) GO TO 150

UILL NEVER REACH MAXIMUM VALUE IF ARTERIAL TENSION LESS THAN THE
MAXIMUM PERMISSIBLE VALUE.

T=9999,
IFCPAN2.LE.NC1,14)) GO TO 1390

COMPUTE SATURATION TIME.

Tu( 1 /KSAT ISALOCCCPC T )=PANZ2 X/C(NC I, 1J)-PAN2))
IF¢T.LT.0.0) T=0.0

SAVE THE SMALLEST DESATURATION TIME SO FAR.
TSAT=AMINICT, TSAT)

END OF LOOP. GO BACK ANMD DO ANOTHER TISSUE OR OROP THROUGH IF alLlL
“NTISS” TISSUES DONE.

CONTINUE

END TRIAL STOP TINE COMPUTATION PROCEDURES

nnnonnngnnnn—non
o
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0238
0235
02490
024
0242
0243
0244
0243
0246
0247
0248
0249
250
02<
0232
0223
02%4
02<S
02%6
02s?
02Ss
0239
6260
0261
0262
0263
0264
0263
0266
3267
0268
0269
0270
0271
0272
9273
0274
027S
0276
0277
0278
0279
0280
0281
0282
0283
028«
0283
0286
0287
0288
0289
0290
0291
0292
0293
0254
0293
9296

[aNsKy] o000 o0

TIME IS LESSER OF SATURATION AND DESATURATION TIME.
TIRE=AMINIC(TSAT, TDSAT)

IF NEXT DEPTH ONLY "DINC" SHALLOWER WE'RE OONE.
IFCCCDEPTH=-SDEPTN).LE.DINC) RETURN

IF TRIAL STOP TIME 0.0 OR 9999 THEN NO OPTIMIZATION., RETURN.
IFCTINE.EQ.0.0 .OR. TIME,GE.9999.) RETURN

- “uee e R R R R
STOP TIME OPTIMNIZATION PROCEDURE

IF ASCENDING MORE THAN ONE STOP DEPTH INCREMENT AFTER TAKING A
OECOMFRESSION STOP SOME ADDITIONAL TISSUE OFFGASSING MAY OCCUR
DURING ASCENT. IF POSSIBLE THE STOP TIME IS SKORTENED UNTIL THE
DEPTH OF THE FIRST STOP <DFS) AS COMPUTED BY SUBROUTINE FRSP7 IS
JUST EQUAL TO “SDEPTH". THIS 1S DONE BY FIRST SHORTENING THE

STOP TIME IN 0.1 MIN. INCREMENTS UNTIL °DF3“" EXCEEDS “"SOEPTH" aND
THEN SHORTENING THE TIME IN 0.005 MIN, INCREMENTS UNTIL “OFS" JUST
EQUALS “SDEPTH". THE OPTIMIZED TINME IS THEN 0.00% MIN. TOO LONG AT
THE MOST.

COO0OO0OOO0O0OOO0O000ECC

OO0 25000
o0

a0oo0o

»

20

c
c
c
(~
c
c
c

INITIALIZE LOGICAL VARIABLES.

IDFSa . FALSE.
FIRSTMN= ,TRUE.

STORE TISSUE TENSIONS AND CURRENT *IAD" TEMPORARILY.
DO 410 1=1,NTISS

TPC1)»P(1)

IADTHP=1AD

DO TRIAL UPDATE AT “CDEPTH® AND FIND DEPTH OF FIRST STOP.
0C=¢.0

TCsTINE

CALL UPDT?

CALL FRSP7CDFS)

RESTORE TISSUE TENSIONS AND “IAD".

DO 420 I=1,NTISS

PCI)=TPCI)

IAD=1ADTNP

IF FIRST STOP BELOVW *SDEPTH™ TRIAL STOP TIME MAY BE TOO SHORT.
IFCDOFS.GT.SDEPTH) GO TO 430

"FIRSTH® SET TO FALSE AFTER FIRST PnSS.

FIRSTM=,FALSE.

ot ads




0298 C IF *"IDFS” MAS BEEN SET TO TRUE BY THE PROCEDURE BELOW WE 'RE DONE
0299 C AS SOON AS “DFS® EQUALS "SOEPTH". WE 'RE aL.SQ OOME IF THE TRIaL
8300 C STOP TIME HAS DECREASED TO 0.0.

030t C

0302 IF(IDFS ,OR. TIME.EQ.0.0) GO TO 440

0303 C

0364 C SUBTRACT TIME IN 0.1 MIN INCREMENHTS AND REPEAT TRIAL UPDATE UNTIL
0333 ¢ *“DF3° JUST EQUALS “SDEPTH". TIMES LESS THAN 0.0 NOT ALLOWED.

0306 C

030? TIME=AMAXIC(TINE-0.1),0.0)

0308 GO YO 400

0399 C

3316 C IF WE END UP HWERE THE FIRST IME THROUGH OPTIMIZATION NOT POSSIBLE.
0311 C AFTER FIRST TIME THROUGH SET “FIRSTM" TO FALSE.

0312 C

3313 430 IF(FIRSTM) RETURN

0314 FIRSTM= FALSE.

32tE ¢

0316 C INCREASE TIME IN 0.005 MIN INCREMENTS UNTIL FIRST STOP OEPTH

8317 € DECREASES TO “SOEPTH", SETTING “JDFS" TO TRUE CAUSES EX1T FROM THE
313 C ITERATION AS SOON AS THIS HAPPENS.

0319 ¢

0320 TIME=TIME+D. 00S

03214 IDFS= . TRUE.

0322 . GO TO 400

0323 ¢

0324 Coun» men e -

0325 ¢

8326 C END OF STOP TIME OPTIMIZATION PROCEDURE

0327 ¢C

U3L8 Cees . -

0329 ¢C

0336 C EXIT SUBROUTINE.

0331 C

0332 440 RETURN i
0333 END

0334 ENDS

i i i i +

86-6




i
)
s
ANNEX B-7
SUBROUTINE NLIM7 ;
LISTING A




&NLINMN7 T=00004 IS ON CR00013 USING 00038 BLKS R=0000

000% FTNe

0002 SUBROUTINE NLIM7CTINE>, 24 SEPT 82 VER 1.2

0003 ¢C N

0004 C

9003 ¢ FINDS THE NO-DECOMPRESSION TIME AT "CDEPTH"® BY FIRST COMPUTING

0006 C A TRIAL TIME WHICH IS THE SHORTEST TIME IT TAKES ANY OF THE TISSUE

9007 C COMPARTMENTS TO SATURATE TO ITS MAXIMUM SURFACING TENSION. THIS

0008 C TINE 1S THEN OPTINIZED TO FIND THE LONGEST TINME WHICH CAN BE SPENT

0009 C AT “CDEPTH" WHICH WILL ALLOW ASCENT TO THE SURFACE AT “RATE".(NCTE

LLVE I I THAT THE TRIAL TIME ASSUMED INSTATANEOUS ASCENT, . OPTIMIZATION IS

201 ¢ ARCCOMPLISHED BY USING SUBROUTINE FRSP?7 TO FIND THE DEPTH OF THE

8012 ¢ FIRST STCP AFTER A TRIAL TISSUE UPDATE AT “CDEPTH" FOR THE TRIAL

0013 < NO-D TIME. THE TRIAL NO-D TIME IS INCREASED IN 0.1 MIN INCREMENTS

0014 C UNTIL THE FIRST STOP DEPTH INCREASES TO “DINC"™.C(THIS ENSURES THAT

00tS ¢ THE TRIAL TIME IS NOT TO SHORT.)> ONCE THIS IS DONE THE NO-D TRIAL

0016 C TIME IS DECREASED IN 0.005 MIN INCREMENTS UNTIL THE FIRST STOP

0017 € JUST DECREASES TO ZERQC AGAIN., AT THIS POINT THE FINAL NO-D TIME 1S

0018 C AT THE WORST 0,005 MIN TOO LONG.

0019 C

0020 C

002t ¢ 2000000000009 20000000000000022906000940

0022 ¢ @ [}

0023 C @ WRITTEN BY @

0024 C [} . Q@

002 C @ CDR EDVARD D. THALMANN C(NMC:> USN @

0026 ¢ ] ]

9027 ¢ [ e

0o0z8 < ? U,S. NayYy EXPERIMENTAL DIVING @

0029 ¢ ] UNIT 2

0030 ¢ [ PANAMA C1TY,FLORIDA 32407 @

003t ¢ (] e

0032 ¢C 0000000000039 000000000000000000000000

0033 ¢C

0034

0035 CHNAANANSAMRERNRENGNNNNRNDNNBR AR NS NURNAEBAREANENBRNERREBBRNCURBNBBREBNANE

0036 C 0 o3l el o ool v ok

0037 C * VARIARBLES =»

0038 ¢ MMB BN EW R WD N

0039 C

0040 C ] INTERMEDIATE RATIO USED IN COMPUTING *T*

004y C AMBA02 AMBIENT-ARTERIAL OXYGEN GRADIENT CFSW)

V042 C CDEPTH CURRENT DEPTH j

0043 C CF METRIC CONVERSION FACTOR

0044 CcP0o2 CONSTANT PARTIAL PRESSSURE 02°?

0043 C [»] o} DEPTH CHANGE

0046 ¢ OFS DEPTH OF F1RST STOP

0047 C DINC STOP DEPTH INCREMENTS i

0048 C FN2 INERT GAS FRACTION 1

0049 (C HLFTM COMPARTNENT HALFTIMES (MIN) :

0050 C 1A0 INSTANTANEOUS ASCENT DEPTH (FSW OR MSW) i

g0ST C IADTHP YARIABLE TO TEMORARILY STORE CURREMT VALUE OF “IaD*.

0082 C IDFS HAS “DFS" EVER INCREASED TO “DINC"?

0053 ¢C ] COMPARTNENT MAXIMUM GAS TENSION ARRAY (FSH)

00S4 C NTISS NUNMBER OF MALFTIME COMPARTMENTS (9 NAX.)

0058 C [ 4 COMPARTMENT GAS TENSION ARRAY (FSW)>

0036 C PACO2 - ARTERIAL CO2 PARTIAL PRESSURE (FSW)

00S? C PAMB AMBIENT PRESSURE (F3W> :
87-1 !
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00S3
0059
0060
0061
0062
0063
0064
0063
0066
0057
0063
0059
3070
0071
0072
6073
0074
007S
0076
8077
0078
0079
0080
0031
0032
0083
0094
0085
0088
0087
0038
0039
0096
0091
0092
0093
0094
0095
0036
0097
6098
0099
0130
0101
01902
0103
0104
0108
0106
0107
0108
0109
0110
o111
0112
0113
0114
0113
ot16
0117

COOO0 OO0COO0O0COO000O00ONOOOOOOODOOO000000000

COoOOC0O0O00O o0

o0

PAN2
PRO2
PBOVP
PH20
POZ
PvCO2
PVO2
RATE
SDR

T

T
TIME
TR

NOTE: FOR PARTIAL PRESSURES UHICH ARE IN FSW. 33 FSuWat ATa.

ARTERIAL INERT GAS TENSION (FSW)
ARTERIAL 02 TENSION (FSW)

GAS PHASE OVERPRESSURE (FSW)

PARTIAL PRESSURE OF WATER VAPOR (FSW)
INSPIRED OXYGEN PARTIAL PRESSURE (ATA)
VENGUS C02 PARTIAL PRESSURE (FSW)>
VENOUS 02 PARTIAL PRESSURE ¢FSW)

RATE OF TRAVEL DURING DEPTH CHANGE
SATURATION-DESATURATION HALFTIME RATIO
TRIAL NO DECOMPRESSION TIME <(MIN)D

TIME CHANGE DURING ASCENT (MIN>

NO DECOMPRESSION TIME (MIND

ARRAY TO TEMFORARILY STORE COMPARTMENT

GAS TENSIOMS

4
BRBHBHANIUBAGABRADERRICINAEAA BRIV RN DB UN AN BB SINE RIS HUBABRVRBNNR SN RN RN ]
SAJREARASVABRUGRRDANVNBRR RSV ABABAR AR RUNR VR NA BOARHURNIRBERBNB DL AR VR RR S
LR LR DI LD P LY Y
® SUBROUTINES REQUIRED =
-e N smen
FRSP? COMPUTES DEPYH OF FIRST STOP :
uPDT? UPDATES MODEL OVER A SINGLE TIME INTERVAL k
BANBIBBBAAAFFRRBRBOBR AN SR AR VR BDARFB IV AU BV SE L HAUR S BN F N RISESGERATUNRUNG I

THESE ARE THE ONLY YARIABLES SENT FRuUt THE MAIN PROGRAM TO THE
MODEL SUBROUTINES. THIS COMMON STATEMENT NMUST wPPEAR IN ALL MOOEL

SUBROUTINES.

MODEL INPUT VARIABLES

COMMON/MDATA/ TC,DC,CDEPTH,RATE,CPO2,FN2,P02,0DINC,CF

THESE VARIABLES ARE SENT BETWEEN MODEL SUBROUTINES ONLY.
THESE COMMON STATEMENTS MUST APPEAR IN ALL NOUEL SUBROUTINES.

MODEL CONMOM

COMMON/PARAM/M(9,30),P(9) ,HLFTN(9),NTISS, SDRC9), IAD
COMMON/BLDVL /PARC0O2, PH20, PYCO2, PY02, ANBAO2, PBOVYP

LOGICAL CPO2,IDFS

REARL M

DIMENSION TP(9)

-

INITIALIZATION PROCEDURE

IDFS=, FALSE.

PAMBeCDEP THeCF +33.
PA02=¢ PANB~PH20 Yo 1 =FNR)~AMBAC2

1F CPO2 SET USE CONSTANT #02 NMODE
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[ARE]
0119
0120
o121
+0122
0123
o124
0123
0126
017
0128
01239
9130
0131
0132
0133
0134
0133
0136
0137
0133
2139
0140
0141
0142
0143
Ot 4a
0143
0146
0147
0148
8143
0130
013
01352
0183
01354
01SS
0136
0187
0158
0139
8160
8161
0162
0163
0164
016S
0166
0167
0168
0169
0170
017?24
0172
0173
a174
0178
0176
0127

]

IFCCPO2) PAO2wR02933. #C 1. 0-PH20/PANB )-ANBAO2
PANZ=PAMB~( PAG2+PACO2+PH20)

START BY ASSUMING NO DECOMPRESSION TIME ESSENTIALLY INFINITE.
TIME=9999.

L A3 23 W o o 200 2 20 ol 30t 3 205 900 208 a0k 30 308 O ok 200 o 200 0 0k 0 ot 1R

END OF INITIALIZATION

WA B 0 MBI B R0 N we Wk

A I 2 2 A R R O OO0 e R O o e O R e O e
TRIAL NO-DECOMPRESSION TIME COMPUTATION PROCEDURE
FIND TIME REQUIRED FOR EACH TISSUE TO SATURATE TO ITS MAXIMUM

SURFACING TENSION *M(I,1)*. TRIAL NO DECOMPRESSION TIME IS TRE
SHORTEST TINE FOR ANY TISSUE TO REACH THIS VALUE.

OO0 OaCOGoOOOCO0GOoOO0O 0oo0

(s Xy NaXy)

(s XeNe)

R A N B 0B A ] =

DO 10 I=1,NT1SS

IF TISSUE TENSION GREATER THAN SURFACING MAX. , NO-DECOMPRESSION
TIME 1S 0.0 .

T=0.0
IFCPYI).GE.M(I, 13> GO TO 9

IF ARTERIAL INERT GAS TENSION LESS THAN SURFACING MaX. TISSUE CaN
SATURATE AT "CDEPTH"™ AND STILL BE WITHIN NO-DECOMPRESSION LIMITS.

T=9999.
IFCPAN2 .LE.NCI,1))3G0 TO 9

COMPUTE “A®". SHOULD MEVER BE LESS THAN t.0 UNLESS ROUNDOFF ERROR.

AR(PC I )=PANRI/CNC T, 1 )=PANL )
IFCA.LT.1.0) A=t . 0

COMPUTE *T® FOR THIS TISSUE, SAVE SHORTEST TIME COMPUTED SO F#R.
T=¢HLFTMCI )/ZALOGC 2, ) IMALOGEA)

TIME=AMINICTINE, T)
CONTINUE

DONE FINDING TRIAL MINIMUM SATURATION TIME

O 000000000 =-w 00O

-
STORE CURRENT "IAD" TEMPORARILY.

1ADTHP=1AD

IF "TIME® IS 9999, OR 0.0 NO OPTIMIZATION POSSIBLE, OONE.
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01?38
0179
0189
013t
0182
01383
0134
0183
0188
0187
0188
0159
130
0191
0152
0193
0194
0193
3196
0197
0153
8139
0200
0201
0202
0203
0204
0208
0206
0207
0208
82609
0210
0211
0212
0213
uz21e
w218
0216
0217
d218
0219
0220
0221
g2zz
0223
0224
0228
0226
0227
naze
0229
0230
0231
0232
0233
0234
0238
0236
0237

[y)

IFCTIME.GE.9999. .OR. TIME.EQ.0.0) GO TO 40

<
Co2002293000008200B0RARRARRA R SR 00 SR T8 RS0 &S GE ®E Sk 8 2E LT TT TP
c
c NO-DECOMPRESSION TIME OPTINI2ATION PROCEDURE
c
c D0 TRIAL TISSUE UPDATE AT °*CDEPTH®™. FIND THE DEPTH OF THE FIRST
C STOP, ADJUST TRIAL NO-D TIME AND CONTINUE ITERATING UNTIL LONGEST
= POSSIBLE NO-D TINME FOUND.
c
CrHetnsnsststentt Nttt SN SR SN SR SS IR SR SRS SS SR SRR SERR SR ABS R L AN Sk S S B0
c
c STORE TISSUE TENSIONS TENPORARILY IN ARRARY °*TP",
c
13 00 16 1=t NTISS
16 TP{I =PI
c
c DO TRIAL UPDATE AT “CDEPTH* AND FIND DEPTH OF FIRST STOP.
c
DC=0.0
TC=TIME
CALL UPDT?
CALL FRSP7(DFS)
C
[»4 RESTORE TISSUE TENSIONS
[~
DO 28 1=t ,NTISS
S PC1)=TPC1)
c
c IF FIRST STOP AT OR BELOW "DINC" TRIAL NO-D TIME TOO LONG.
c
IFCDFS .GE. DINC > GO TO 3¢
C
c ADD TINE IN @.1 MIN INCREMENTS UNTIL FIRST STOP DEPTH INCREASES TO
c “ODINC®. THEN REPEAT TRIAL UPDATE. IF "IDFS" HAS BEEN SET TQ TRUE
> BY PROCEDURE BELOWM THEN WE ‘RE DUNE.
Cc
c

IFCIDFS) GO TO 40
TINE=TINE+O. 1

GO TO 1S
c
c DECREASE TIME IN 0.005 MIN INCRENENTS UNTIL FIRST STOP DEPTH
c DECREASES TO 0. SETTING "IDFS™ TO TRUE CAUSES EXIT FROM ITERATION
¢ AS SOON AS THIS HAPPENS. NEGATIVE TINES NOT ALLOVED.

c
30 1DFS=, TRUE.

TINE=AMAXI1C(CTINE~0.005),0.0)

c .
[ IF "TINE" HAS DECREASED TO 2ERO NO-D NOT PQSSIBLE, OONE, ;
c

IFCTIME.EQ.0.0) GO TO 40 .

GO0 TO 13 '
¢ :
Conn - :
c . §
c END OF NO-DECOMPRESSION TINE OPTINI2ATION PROCEDURE '
¢ '
Conwn

{
g7 -4 1




233
0239
0240
0241
0242
0243
0244

HEO000

RESTORE *IAD" AND EXIT.

IR0=IADTNP
RETURN

END

ENDS
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ANNEX B-8

SUBROUTINE INIT7
LISTING

- gt




LINIT? T=00004 1S ON CRO0012 USING 00018 BLKS R=0000

0001 FTNe

94002 3UBROUTINE INIT? , 24 SEPT 82 VER 1.1

0003 ¢C ¢
0004 C

0008 C INITIALIZES TISSUE TENSIONS BY SATURATING THEM AT “CDEPTH*.

0006 C

0007 ¢

6003 ¢ 20000008009 000000002008 90000200900009

0009 ¢ [ ) )

0010 ¢ ] WRITTEN BY @

601y ¢ [ ) ]

0012 C @ CDR EOVARD D, THALMANN C¢MC)> USN @

0013 ¢ [ ?

0014 C [ ]

wots ¢ [} U.8. NAVY EXPERIMENTAL DIVINC ]

0016 ¢ (") UNIT ]

00t? ¢ @ PANGMA CITY,FLORIDA 32407 @

0013 C 9 ")

0019 C 20000000000 0000000900000090000000000

0620 C

0021 C

G022 CHRNSANSANNNEBRIISANENE NG IR HB S B REHE SRRV SRS AR BNBN BI04 000 0000800888000

0023 ¢ L DT L P R
6024 C * VARIABLES =

0028 C PP IT D PR Y T ’
0026 C f
0027 ¢ AMBAO2 AMBIENT-ARTERIAL OXYGEN GRADIENT (FSU¥)

002 C CDEPTH CURRENT DEPTH

8022 C CF METRIC CONRVYERSION FACTOR

0030 C cPO2 CONSTANT PARTIAL PRESSSURE 027

0031 C oC DEPTH CHANGE

8032 ¢ DINC STOP DEPTH INCREMENTS

0033 ¢ FNR INERT GAS FRACTION

0034 C HLFTM COMPARTMENTY HALFTIMES ¢(MIN)

@033 C 1AD INSTANTANEQUS ASCENT DEPTH (FSW OR MSUW)

6036 C ] COMPARTNENT MAXIMUM GAS TENSION ARRAY (FSW)

g03? C NTISS NUMBER OF HALFTIME COMPARTMENTS (9 MAX.)>

0038 C P COMPARTMENT GCAS TENSION ARRAY (FSW)

0033 C PACO2 ARTERIAL CO02 PARTIAL PRESSURE (F3W)

0040 C PAME ANBIENT PRESSURE <FS¥>

0041 C FRO2 ARTERIAL 02 TENSION <FSW)

0042 C PBOVP GAS PHASE OVERPRESSURE (FSW)

0043 C PM20 PARTIAL PRESSURE OF WUATER VAPOR (FSW)

0044 C P02 INSPIRED OXYGEN PARTIAL PRESSURE CATA)

0043 C PVCO2 VENOUS CO2 PARTIAL PRESSURE (FSU)

0046 ¢ PVO2 VENOUS 02 PARTIAL PRESSURE (FSV)>

0047 C RATE RATE OF TRAVEL DURING DEPTH CHANGE

0048 C SDR SATURATION=-DESATURATION MALFTIME RATIO

0049 C TC TIME CHAMGE DURING ASCENT (MIN)

00506 C

0031 €

0082 C NOTE: ALL PARTIAL PRESSURES WHICH ARE IN FSW, 33 FSW = 1 ATA.

0083 C

0054 C

0033 CARNNNAR0R0S080MRR0 00 ARRARRRE A0SR0 B HUARGERNGENANGNNNINNNINGNGANER }
0036 C R

GO0S7  CHARSEAARNNEEANARANNERIRA NS AGRE SRR RRNERREE RS RN G AENARISRARGESHARRE SRR

B8-1




0088
0089
0060
0061
00£2
00€3
0084
006S
0066
0087
0063
0069
0970
0071
8072
80?3
0074
ou?S
09076
0077
0078
0079
0030
0081
0082
0093
008e
008%
0036
0087
Gus8
0029
0090
0091
0692
9093
0094
0095
0096
0037
9098
0099
0100
0101
0102
8103
0104
0103
0106
6107
0108

0O000O0 O0O0O00000CO0O0O00OO0

o0

B BB ERBE R BB PG BE NN RS SR NS

s SUBROUTINES REQUIRED =
LT DUPT T P T PR T

NONE

BURBASRABRRARBVBABDBESB RV DV BEHIRR BB BDHR BB BE BB A BV EU VRGN IRV RE4 VBB BN IS

MODEL INPUT VARIABLES
THESE ARE THE ONLY VARIABLES SENT FROM THE MAIN PROGRAM TG THE
MODEL SUBRCUTINES. THIS COMMON STATEMENT MUST AFPEAR IN ALL MODEL
SUBROUTINES.

COMMON/MDATA/ TC,D0C,COEPTH,RATE,CPO2,FN2,P02,DINC,CF

NODEL CONMOM
THESE VARIABLES ARE SENT BETUEEN MODEL SUBROUTINES ONLY.
THESE COMMON STATEMENTS MUST APPEAR IN ALL MODEL SUBROUTINES.
COMMON/PARAM/M(9,30),P(9)>,HLFTR(9),NT1S5,80R(9), 1D
COMMON/BLDVYL/PACO2,PH20,PYCO2,PV02,ANBACZ, PBOVP

LOGICAL CFO2
REAL M

- L xNs -

BEGIN INITIALIZATION

0O0OCOoO0O0O00

o000

COMPUTE AMBIENT PRESSURE AND ARTERIAL 02 PARTIAL PRESSURE.

PANB= CDEPTH*CF+33.
PAO2=( PANMB~PH20 )#( | ~FN2 )-ANBA02
IFC(CPO2) PAO2=P02+33.2(1.0-PH20/PANB )~ANBAO2

SATURATE ALL COMPARTMENTS AT “CDEPTH®.
DC 100 Is=1,NTISS

PC 1 )=PANB-C¢ PAC2+PACO2+PH20)
RETURN

000000

END OF INITIALIZATION

END
EnDS

88-2
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ANNEX B-9
SUBROUTINE RCRD7
LISTING

< S e . e e anl et s




4RCRD7 T=00004 IS ON CRO0013 USING 0002t BLKS R=(Q000Q

000}

3002
0003
0004
000S
0006
0007
00¢8
0009
2010
0011

0012
0013
0014
0013
9016
Got7
0018
0019
3020
0021

0022
2023
0024
0023
0026
0027
0028
0029
0030
0031

0032
0033
0034
0603S
9036
9037
0038
0033
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049
9050
003

0082
0033
0034
0oss
0036
0987

FTN4
SUBROUTINE RCRD?<MODE,CNTR.LP)>, 24 SEPT 82 VER 1.1

RECORDS TISSUE TENSIONS, ZERO TIME AND GAS TENSION IN ARRAY *“TT*
FOR LATER PRINTOUY. WILL ALSO PRINT ARRAY "“TT".

2002000000000 0000002000 000000 00000000

[ ] ]
L] URITTEN BY 9
L] e
@ CDR EDWARD D. THALMANN (MC> USN @
¢ @
® ]
L U.S. NAVYY EXPERIMENTAL DIVING @
@ UNIT @
] PaNaMA CITY,FLORIDA 32407 @
e @
[ @

OOODOOOGOOOCODO00O000OO0O000

SARVBARRN AV RRVR AR NBRE BN RS AR NB N EB B RE VOB VA RA DU SR BEEANE AR AR VB NN BB H00

Cc WA R MW R W WA

[ * VARIABLES »

c La Pl T oY ]

c

c CDEPTH CURRENT DEPTH

Cc CF METRIC CONYERSION FACTOR

c CPC2 CONSTANT PARTIAL PRESSSURE 027

c CNTR ARRAY *"TT" SUSCRIPT

c ocC DEPTH CHANGE

[~ DINC STOP DEPTH INCREMENTS

[ FN2 INERT GAS FRACTION

C HLFTM COMPARTMENT HALFTIMES (MIN)

[ IAD INSTANTANECOUS ASCENT DEPTN (FSW OR MSU¥)

c LP DEVICE NUMBER OF LINE PRINTER

C L] CONPARTMENT MAXIMUM GAS TENSION ARRAY (FSW)
c MODE IF "9* RECORD, IF *“t1" PRINTOUT

c NT1SS NUMBER OF HALFTIME COMPARTMENTS (9 MAX.)

[+ P COMPARTNENT GAS TENSION ARRAY (FSUW)

c PO2 INSPIRED OXYGEN PARTIAL PRESSURE <aTA)

c RATE RATE OF TRAVEL DURING DEPTH CHANGE

c 3DR SATURATION-DESATURATION HALFTIME RATIO

[ TC TIME CHONGE DURING ASCENT (MIND

[+ T MODEL PROFILE PARAMETER ARRAY

c

c

c NOTE: ALL PARTIAL PRESSURES WHICH ARE IN FSU, 33 FSU = 1 ATA.
c

c
CHISRRNSAMRARDERRBRAAGHE AR D2 2008054 DA SRR BEARAAANASRARAARABVENRER AN
c

CHONNNNS00 0000000000 BR SRS 0000508080 00800 RS OR RG0S0V 842000000080 8080
c

c = SUBROUTINES REQUIRED »

c

89-1




0038
00S9
(11 ]
due!
0062
0053
0064
0043
00e6
0087
3068
0069
0070
0071
0072
0073
0074
0073
0076
0077
0073
9079
0080
0081
0982
0083
0034
008S
0086
0087
]1-3]
0039
0090
0091
3092
0093
0054
0098
0096
0097
00968
0099
01930
0101
0102
0103
8104
0103
0106
0107
0108
0109
110
0111
0112
0113
0114
0113
0116
0117

NONE
SUAHEIRBE VRS UR GG RNBINU ARV IB NS HE VBB BR VA SRRV S SRRV G RUNBERER A S RN
MODEL INPUT vARIABLES

THESE VARIABLES ARE SENT BETWEEN MODEL SUBROUTINES OMLY.
THESE COMMON STATENENTS MUST AFPEAR IN ALL MODEL SUBROUTINES.

OO000000O000

COMMON/MDATA/ TC,DC,CDEPTH,RATE,CPO2,FN2,P02,0INC,CF
COMMON/PARAM/MC9,30),P(9), HLFTH(9),NT18S,SDR(9), I1AD

o0

LOGICAL CPO2
REAL M, TTC11,100)
INTEGER CNTR

DATA TT/1100%0.0/
FORMAT(9F13.35,2F8.2)

FORMAT(/,9¢6X, 13" NIN")/
#9CSX,F4,2" SOR"), 4%, "TIME“4X"GAS"/)

BECIN

nnont?n N =0 (2]
)
4
3
p
4
4
)
4

[ YOV P PP PO PUST ORIy S L ST TR L AP R PR SR L DR
IF *MODE™ 18 t GO TO OUTPUT PROCEDURE.
IF{MODE .EQ.1)> GO YO 200

RECORDING PROCEDURE

AUTOMATICALLY INCREMENTS “CNTR”" EACH TIME AN ENTRY INTO ARRAY “TT*®
1S MADE.

RECORD TISSUE TENSIONS

Q0000000 OO0

00 100 [=t,NTISS
TTCILCNTRI=P( D)

(-]
(-]

RECORD 2ERO TIME. ZERO TIME FOR FIRST ENTRY (CNTR=t)> IS 0.

o000 -

IF(CNTR.EQ.1)> GO TO 110
TTC10,CNTRIuTC+TTC 10,CNTR=-1)

RECORD GAS TENSION. VALUE DEPENDS OF UMETHER CONSTANT PO2
CONSTANT INERT GAS TENSION BEING USED,

TTC11,CNTRYaFN21 00,
IF¢ CPG2 > TTC 11 ,CNTRI=PO2

-0O00O0
-
(-4

o0

INCREMENT COUNTER TO NEXT ENTRY POSITION BEFORE RETURNING.

89-2
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L ot

ot18
8119
0120
o121

0122
0123
0124
0125
0128
0127
0128
0129
0130
9131
0132
9133
0134
9138
8136
0137
0138
0139
0140
0141
0142
0143
G144
2148
0146
0t47

Cc
CNTRaCNTR+1
RETURN
C
Counnannase L 2] - shue LT T LTI b
c
c END RECORDING PROCEDURE
C
[ R SR VG BRGNS SN OHBS HB B BE EH RS B0 BN asw
Cc
c e b
c
c PRINTOUT PROCEDURE
[
c PRINTOUT ARRAY “TT" THEN RETURN.
c
[ [ 2] PR LT P PRI R L R Y - sww
C
200 WRITECLP,2) HLFTM,SDR
DO 210 J=1,CNTR~1
210 WRITECLP,1XXTTCL,d),1I=1,01)
RETURN
c
= - L)
c
[ €ND PRINTOUT PROCEDURE
c
[ - L1 LT L] L ]
ENOD
ENDS
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ANNEX B-10

SUBROUTINE RDIN7
LISTING

|
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. X
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; H
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&RDIN?

300"

09002
0303
0004
000S
0006
8007
0003
3009
0010
0011

0012
0013
d01e
8015
0016
0017
8018
0019
0028
0021

0022
0023
0924
002S
0026
9eav
0023
0029
2030
0031

0032
0033
0034
0035
8036
0637
0033
0039
Q040
0041

0042
0043
0044
0043
0046
0047
0040
0049
0080
00St

0052
0083
0034
00SS
00Sé
9057

3

O0O0OO0OO00OO0GO0CO0O000000000

000000000 N00O0DO00OOO0OOD0O00000O00

T=00004 IS ON CR00012 USING 00038 BLKS R=0000

TN4

SUBROUTINE RDINZCLU,LP,IFILE,NETRIC, IGAS, IPRT), 24 SEPT 82 VER 1.1

READS IN SUB-FILE OF MODEL INPUT PARAMETER FILE "IFILE"™ CONTAINING
MODEL PRRAMETERS IN THE SPECIFIED DEPTH UNIT3 AND STOP DEPTH
INCREMENTS., PRINTS OUT MGDEL INPUT PARAMETERS AND THE VALUES

IN COMMON BLOCK °“BLDVL® IF DESIRED.

0080000090099 000000009000000000000000
@

e
@ WRITTEN BY [
@ L]
@ CDR EDWARD D. THALMANN <(MC> USN @
[ @
[} 1]
'] U.S. NARVYY “XPERIMENTAL DIVING e
e UNIT @
] PANANA CITY,FLORIDA 32407 @
[ -]
] @

000000000000 0090000900000090000 0000

SONARRRBRNGRSRANNRARRANA NI RN AR AL AR BN NN BNAR BN BB NN ANV 0 A SN RE RN TR NE S0

ANBACG2
CDEPTH

o Yo YRR TR Wk YR M

* YARIABLES =
A I N

VARIABLES ASSOCIATED WITH HEWLETT PACKARD RTE Iv-8
OPERATING SYSTEM

ANBIENT-ARTERIAL OXYGEN GRADIENT (¥SUW)

CURRENT DEPTH

METRIC CONYERSION FACTOR

CONSTANT PARTIAL PRESSSURE 02?

DEPTH CHANGE

STOP DEPTH INCREMENTS

INERT CAS FRACTION

TISSUE MALFTIMES (MIN)

INSTANTANEOUS ASCENT DEPTH (FSW OR MSW)>

MEMORY ARRAY FOR HOLDING DISK FILE DATA

INPUT BUFFER ASSOCIATED WITH DISK FILE "IFILE"
INTEGERIZED VALUE OF "DINC*"

INTEGERIZED DEPTH

RTE Iv-8 OPERATING SYSTEM ERROR CODE

INPUT FILE NAME

ARRAY FOR HOLDING INERT CAS LABEL

SPECIFIED NUMER OF CHARACTERS TO BE REARD FROM FILE
DEPTH-UNITS DESIRED BY CALLING PROGRAM

STOP DEPTH INCREMENT OF MODEL PARAMETER SUB-FILE
PRINTOUT DESIRED IF=1

ACTUAL NUMBER OF CHARACTERS READ FROM DISK FILE '
DEVICE NUMBER OF LINE PRINTER ‘
DEVICE NUMBER OF TERMINAL

810-1




0033
0029
0063
0061

0062
0063
0064
0063
006
0067
00£9
00e3
0070
0071

0eT2
3073
0074
007S
0076
0077
0078
0079
0080
0031

30382
8083
0084
008S
0036
0037
0038
0039
0030
0091

0092
0093
0094
009S
0096
0097
0098
0099
9108
0101

0102
0103
0104
0108
8106
0107
0108
0109
0110
o111
0112
0113
0t14
[RL-1
0116
0112

OOO00OO0OOO00O00OONDO00GOO00OD000

OO0 00COD0O0ONOHOO

OO0

-0 00

-

L} MAXIMUR TISIUE CAS TENSION ARRAY (FSU)
METRIC DEPTH UNITS IN METERS?

MODE DEPTH UNITS OF NODEL PARRAMETER SUB-FILE
NTISS NUMBER OF MALFTIMNE TISSUES (9 MAX.)

4 TISSUE GAS TENSION ARRAY (FSW)

PACOR2 ARTERIAL C02 PARTIAL PRESSURE (F3M)
L] AMBIENT PRESSURE (FSW)

PAQ2 ARTERIAL 02 TENSION (FSW)

PBOVP GAS FHASE OVERPRESSURE (FSUW)

PH20 PARTIAL PRESSURE OF WATER VAPOR <FSU)
PO2 INSPIRED OXYGEN PARTIAL PRESSURE CATA)D
PVCOR2 VENOUS C02 PARTIAL PRESSURE (FSW>

PY02 VENOUS 02 PARTIAL PRESSURE (FSW)>

RATE RATE OF TRAVEL OURING DEPTH CHANGE (FSW OR MSW MIND
SOR SATURATION-DESATURATION MALFTIME RATIO
1< TIME CHRNGE DURING ASCENT <(MIN>

UNITS DEPTH UNITS OF NODEL PRRAMETER 3UB-FILE

NOTE: ALL PARTIAL PRESSURES WHICH ARE IN FSW. 33 FSU = 1 ATa.

ARANBNBERNSVSR A RBRONR NSNS NEBR BB BRAEBANR VR RV NVDR VA BR AV RV BNDNBE DR RN U Y

S8V BRAE VNV S0 NERNB DN A GR B4R HR FB RV AR HE SH B AR SRRV RS NA USSR BN AR RRSR B4

0 IS 195 I o o A R A o
* SUBROUTINES REQUIRED =
- - Lo L)

* HEWLETT PACKARD RTE (V-8 QPERATING SYSTEM SUBROUTINES
AND FUNCTIONS

«CLOSE CLOSES SPECIFIED DISK FILE

»CODE ALLOWS FOLLOWING READ TO GCCUR FROM MEMORY BUFFER
FNFPER DECODES AND PRINTS RTE IV-B ERROR CODES ON ERROR
=QPEN OPENS SPECIFIED DISK FILE

»READF READS DATA FROM DISK FILE INTO MEMORY BUFFER

RRBBSARBARBHBRVBRRRR RN BB RO BB U KB AB KB BB RE SR EBRE B DVE NN BB BVBRAB222R00 00

MODEL INPUT VARIABLES
THESE YARIABLES ARE SENT BETWEEN MODEL SUBROURINES ONLY.
THESE COMMON STATENENTS MUST APPEAR 1IN ALL NOGDEL SUBROUTINES.

COMMON/MDATA/ TC,DC,CDEPTH,RATE, CP0O2,FN2,P02,DINC,CF
COMMON/PARAM/MCS,30),PC9) , HLFTN( 9),NTISS,SDR(9), IRD
COMMON/BLDVYL/PRCO2, PH20, PYCO2,PY02,.ANBRO2, PBOVP

LOGICAL CPO2,METRIC
REAL M, IGARSC 3, UNITSC2)
INTEGER IDCBC144), IFILEC3), IBUF(36)

DATA IL/36/,UNITS/4H FSW, 4H MSY/

FORMATC9F?.2,19)
FORMATC9F8.3)

810-2




0118
0119
0120
0121

0122
0123
0124
0123
6126
0127
0128
0129
0130
0131

0132
0133
0134
0133
0136
0137
0138
0139
G140
0141

0142
0143
0144
0145
0146
0147
0148
949
01350
0181

01352
0133
0154
0133
0156
013?
[RE-1-]
0189
0160
0161

0162
9163
0164
0163
0166
0167
0168
0169
9170
01?1

0172
0173
0174
0178
0176
017?

12 FORMAT(2I8, 3a4)

13 FORMAT(6/,3IX"TRABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS"/
33X D e oatndnd el -y
43X “C"3A2"- “3JA4")H"2/
dBX *TISSUE HALF-TIMES"2/

»S5X* DEPTH “9<¢16" MIN"))

14 FORMATC13X,9¢F6.2" SDR" )

13 FORMAT(

‘5x- - PSS —— )
*3x" - ———————t)

16 FORMAT(I9,A4,3F10.3)

1?2 FORMAT( 2/, 43X, “BLOOD PARAMETERS",//,33X"(PRESSURE IN FSV; 33 Fsu=
* ATAI*/)D

18 FORMAT( ZX"PACO2% 12XK"* PH20"12X"PVCO2"12X" PVO2*12X"AMBAQ2"

*1 1X"PBOVP"/)

19 FORMATC(?X,FS5.2,4F17 .2,F17.3)

20 FORMATC( "1 "> )

c

CHBMAN BB RN SRR WG RN G W DB G0 T o 0 00 00 20208 3000 20 50 90 00 20030 00 Y o o 05 50 5030 05 o 5 O 00 08 30 o ok o

c
[ FILE READ IN PROCEDURE
c
Cea nenR e L] L1 LT 1L LT 2 L]
[
c IF "METRIC" 1S TRUE THE DEPTH INCREMENTS ARE UWANTED IN NMETERS.
c INTEGERIZE STOP DEPTH INCREMENT DESIRED BY THE CALLING PROGRAN.
C
IMODE=1
IF(NETRICYIMODE=2
IDINC=DINC
c
c QPEN FILE "IFILE" INTO INPUT BUFFER "IDCB". ALL SUBSEQUENT READS
C FROM "IFILE" WILL BE SPECIFIED TQ BE FROM "IDCB". IF ERKRGR OCCURS
c PRINT ERROR MESSAGE THEN STOP.
c
CALL OPENCIDCB, IERR,IFILE, 3
CALL FMPERC IERR, IFILE.LW)
IF CIERR.LT.0)> STOP
c
[~ READ IN 30 ROVS OF MAXIMUM TISSUE TENSIONS FOR 9 TISSUES FROM A
[ A SUB=-FILE INTO MEMORY BUFFER "1BUF". THEN READ VALUES FROM “I1BUF"
< INTO ARRAY °*N“.
c
17% D0 180 uy=t,30

CALL READF (¢ IDCB, [ERR, IBUF, IL.LEN)
CAaLL CODE
READ CIBUF,3) XM 1,J),1=1,9)>

180 CONTINUE

c
c READ IN DEPTH UNITS *MQGDE", STOP DEPTH INCREMENY AND INERT GAS
c LABEL OF SuB-FILE.
c
CALL READF(IDCH, IERR, IBUF,IL,LEN)
CALL CODE
READ C(IBUF,12) MODE, INCR, ICAS
c
c READ IN TISSUE HALFTINES AND NUMBER OF TISSUES FROM 3UB-FILE.
c

CALL READF( IDCB, IERR, IBUF, IL ,LEN)
CAaLL CODE

B10-3




8178
0179
9130
0131
0182
0183
0134
0138
ERRNTY
913?
0133
PREL)
ui90
0191
9132
132
FRRcLY
9153
3196
2197
412
Q129
0270
0zt
0292
82u3
0204
320%
02138
0z6?
Jciia
3z ¢
g210
-3 81
0212
0213
g214
0218
0z1é
0217
0z13
02193
0220
ozat
0222
0223
0224
022S
6226
0227
0223
6229
0230
0231
0232
0233
0234
0232
0236
na3?

READ C(IBUF,10) KLFTM,NTISS

c
c READ IN SATURATION-DESATURATION RATIAS FROM SUBFILE.
C
CAlL READFCIDCB, IERR, IBUF, IL,LEN)
CALL CODE
READ (IBUF,10)> SDR
c
C IF THE SUB-FILE JUST READ IN DOES NOT HAVE ITS PARGMETERS IM THE
< ODESIRED DEPTH UNITS OR STOP DEPTH INCREMENTS READ IN THE NEXT
C SUB-FILE.
C
IF(MODE.NE.IMODE > CO TO 178
IFCIDINC.NE.INCR> GO TO 17S
c
< CLOSE FILE *IFILE". IF ERROR OCCURS PRINT ERROR MESSAGE aND 3TOP.
CALL CLOSECIDCB, IERR)Y
CALL FMPERCIERR, IFILE,LW)
IFSIERR,LT . 0> STOP
c
[ IF NQO PRINTOUT DESIRED THEN RETURN.
IFCIPRT.NE.t)> RETURN
c
CHOBAMAR BN BRGNS R G G RGN FI 10 0 WD P S B2 N " "
<
c END FILE READ IN
c
Comnnmume wen - MO SR A A O O o0 0D S 0 A a0 0 0 e 0 S 030 0o A
<
S0 0 R L 00 O A8 O L O T 00 o Mo A 00 0 o 8 0 0 0 S0 0 A 0 O 0 O S e 20
c
c MODEL PARANETER PRINTOUT PROCEDURE
c
DLIIEREEE PR AT EL T EIES DEEL PR P TY T P P e e 200
c
c PRINT HEADER
C

WRITEZLP. 13> IFILE,IGAS,CHLFTMC(I), 1=1,NTISS)
WRITECLP,14)(SDRC(1), =t ,NT1SS>
WRITE(LP,13)

c
c PRINTOUT TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS.
<
DO 200 J=1,30
IDPTH=INCR»J
WRITECLP,16)> IDPTH,UNITS(NMODE ), (MC I, J),I=t NT13S)>
200 CONTINUE
[
c PRINT FOOTER
[»4

WRITECLP,1S)
WRITECLP, 17D
WRITEC(LP.18)

PRINTOUT YALUES IN CONMON BLOCKX "BLDVL" THEN RETURN.

o000

WRITECLP, 195PACO2. PH20,PVCO2, PVO2, ANBRO2, PBOVP
WRITECLP, 20O

Bt0-4




0238 RETURN

0239 ¢
0240 Co%322+222220SURLLL AR PANR SR BRSNS XL SR SR GO BV BB LS BORRRS SRR S IR AR SR bB R 4% SNE
0ze1 C .
0242 C END MODEL PARAMETER PRINTQUT IKs
0243 C
0244 (Cres0sesislsstsSisltRItSe SR SN NS SR BRSNS NS SNESRSN X YT T Lt
0245 C
0246 END
0247 ENDS
’
!
]
i
1
B10-S '
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ANNEX C

PROGRAMS FOR COMPUTING
ASCENT CRITERIA
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ANNEX C-1

PROGRAM MVALU LISTING




IMVALU T=00004 IS ON CR0O0013 USING 000?77 BLKS R=0000
F

c
c
c
c
c
c
c
C
¢
<
c
c
c
c
c
[
c
c
c
c
c
c
[~

0001
0002
0003
0004
000S
0006
0007
0003
00609
9010
ggr!
0012
0013
0014
001S
0016
8017
a8
0019
0020
goat
3022
0023
0024
0028
0026
0027
a028
0029
0930
0031
0032
9033
0034
003%
0036
0037
0038
0039
0040
0041
0042
0043
0044
0043
0046
0047
0048
0049
0030
0031
0052
0033
0034
0055
00S6
00S?

0O0O00000000Na0OCa000G000000000000

TNe

PROGRAN MVALUC3,1000), 10 DEC 82 VER .1

CREATES MODEL PARAMETER INPUT FILE. EACH FILE WILL CONTAIN THREE
SUBFILES, THE FIRST WILL HAVE 10 FSW INCREMENTS, THE SECOND WILL

HAVE 3 NSW INCREMENTS AND THE THIRD 5 MSW INCREMENTS.

THE ACTUAL COMPUTATION OF THE MAXIMUM TISSUE TENSIONS IS OONE I[N

SUBRCUTINE “MCOMP*™.

[ @
] WRITTEN BY [
[ ?
@ CDR EDVARD D. THALMANN <MC)> USN @
@ @
] e
([} U.8. NAVY EXPERIMENTAL DIVING °
@ UNIT ]
0 PANANA CITY,.FLORIDA 32407 e
[ (]
0009300000000 300000000000007000000000
SRRV NERNSBRNANEIB RN A HR RV RS RS G ARV AR AN AR RSB RR RGN BI R RERFBRANBR RS

o o o

* VARIABLES =

W RS W

*

ATMD
FACTR
MLFTM
= [BUF
ICONT
»1DCB
=[DCBM
IDPTH
=lERR
IFILE
1GAS
=IL
INCR
I10PT
»[PAR
»ISES
JGAS
LP
Lu
MFILE
MODE
MTABLE
MULTP
NAM
NTISS
SDR

2 N v'\lq'i"ﬁiﬁf,"-:‘ ";'“'.“i fiPh

0000000202000 20000202099 020000000090090

VARIABLES ASSOCIATED WITH HELLETT PACKARE RTE IV-B
OPERATING SYSTEN,

CONVERTS DEPTH UNITS TO FSW

ARRAY HOLDING POSSIBLE VALUES OF “ATMD"
TISSUE HALFTINE ARRAY

MEMORY BUFFER FOR DISK FILES

HOLDS TERNINAL RESPONSES TO QUESTIONS

DATA CONTROL BLOCK USUALLY FOR OUTPUT FILES
DATA CONTROL .BLOCK USUALLY FOR INPUT FILES
DEPTH-FOR ROW OF *MTABLE" TISSUE TENSIONS
RTE 1v-B ERROR CODEC(- IF ERROR)

ARRAY CONTAINING QUTPUT FILENAME

CURRENT INERT GAS NAaME

SPECIFIED NUMBER OF CHARACTERS TO BE READ FOR FILE
STOP DEPTH INCREMENT READ FROM FILE

NUMBER OF THE OPTION SELECTED

LOGICAL UMIT NUMBER ARRAY

ounnyY VARIABLE

NEW INERT GAS NAME

DEVICE NUMBER OF LINE PRINTER

DEVICE NUMBER OF TERMINAL

ARRAY CONTAINING INPUT FILENRME

DEPTH UNITSC1-FEET, 2-METERS)

NODEL PARAMETER INPUT FILE OUTPUT ARRAY
DEPTH NULTIPLIER

ARRAY HOLDING PROGRAM NANE

NUMBER OF TISSUES

SATURATION-DESATURATION RATIOS

Ci-t




00S3
8053
0050
0061
0082
0063
0054
0uéS
3066
0067
0068
0065
0070
(D Ea]
0072
0073
0074
907S
0g7é
0077
0073
079
0030
qo8!
0032
0083
0084
308S
0026
g087
0088
8439
9030
0031
0092
0093
0094
0095
0036
0097
0098
0099
0100
0199
0102
0103
0104
0103
0106
0107
0198
0109
0110
(TR A
0112
0113
0114
0113
0116
0117

STNSH MAXIMUM TISSUE TENSIONE FOR SURFACING
UNITS

FAHARBUBABBRVRUN BN AR AR BB N BN ERAA IR R RV RB AR VA AR ELBG VR VA URUBHERCHF U RN RO4S

QOGO O0

SERSRRABBANRARARBRABRB VOV RVARBEBRIR VAR UL RU SR RE R ARV RN ARBRARNR VB2 R 000

BRI N W 1 2 B
= SUBROUTINES REQUIRED =»
151030 10 S99 W W P A o A W

= HEWLETT PACKARD RTE IY-B OPERATING SYSTEM SUBROUTINES
AND FUKRCTIONS

«CLOSE CLOSES DISK FILE
«CODE ALLOWS NEXT REARD TO OCCUR FROM MEMORY BUFFER
*CREAT CREATES NEW FILE
FMPER DECGDES AND PRINTS RTE Iv-8 ERROR MESSAGES
=LOGLY LOGICAL UNIT # OF TERMINAL
»LUTRU LOGICAL UNIT NUMBER OF TERMINAL ON ERROR
MCONP COMPUTES ONE SET OF MAXIMUM TISSUE TENSIONS
*=PASTN POSITIONS DISK FILE TO SPECIFIED RECORD
*PURGE ELININATES SPECIFIED FILE FROM DISK
=READF READS DATA FROM OISK FILE INTO MEMORY BUFFER
=RMPAR PASSES LOGICAL UNIT # OF TERMINAL TO PROGRAM
#RWNDF POSTIONS FILE TO FIRST RECORD
»WRITF WRITE FROM MEMORY BUFFER TO DISK FILE

—

.‘.'OO00'.000'.....'.'Ol.CO.Q'..ﬂ."'ﬂ.Ol..‘...l‘.O‘Q..'...OOO.Q....‘QO

O0O000OCO0OCOO000O0CO000000000

INTEGER IPARCS),NAMC3),IFILEC3 ), MFILE(3),IDCBC 1443, IBUF(36),

. IOCENC 1 44)
REAL UNITSC2)>,STNSN(9),FACTRC2), 1GASC 33, JGASC I3, HLFTM(9),
- 3DRC9),MTRBLEC3,9,30), MULTP
DATA UNITS/4H FSW, 4M NSW/, FARCTR/ 1., 3.28084/, IL/36/,
hd I1GAS/3%4N /7, NAM /2HMV,2HAL ,2HU /7, SDR,NTISS/9%1.0,9/,
- HLFTM/S,,10,,20.,40.,80.,120.,160.,200,,240./
c
DATA STNSN/9%0.0/, MULTP/1.0/
c
c .
1 FORMAT(3A2)
2 FORMATC *SELECT OPTION: 1-LIST ONLY 2-CREATE NEW MATRIX 6-EXIT")
3 FORMATC “SELECT CREATE OPTION"/
#2534 3I-CREATE NEW FILE™/
#25%X"4-HODIFY OLD FILE®™/
#2TX"S-CREATE NEW FILE USING OLD FILE AS INPUT"/
#2SX"6~EXIT PROGRAN")>
4 FORMAT( *PRINTOUT MAXINUN TISSUE TENSION TABLES? (YES/NO)>*)
é FORMAT. ® CURRENT MULTIPLIER, ENTER CHANGE"/F9.2)
7 FORMATC "ENTER FILE NAME FOR NEW VALUE MATRIX")
] FORMATC * INERT GAS I8 “3m4" ENTER CHANGE")>
9 FORMATC3A4 )

10 FORMATCOF?.2,19)
11 FORMATC *NTISS =*16)
12 FORMATC *CURRENT HALFTINES,ENTER CHANGES"/9F8.2)
13 FORMATC "CURRENT SDR'S, ENTER CHANGES"/9F8.2)
14 FORMAT(
s* CURRENT NUMBER OF COMPARTMENTS ACTIVE IS "12". ENTER CHANGE")
1S FORMATC ® CURRENT SURFACING TENSIONS, ENTER CHANGES"~/9F8.3)

Ci=-2




s

0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0129
8129
0130
0131
0132
0133
0134
013s
0136
0137
0138
0139
0140
0141
0142
0143
0144
6143
0146
0147
1149
0149
013890
01851
0182
0133
01S¢
1SS
0156
0137
0138
0189
0160
8161
0162
0163
0164
0163
0166
0167
0168
0169
0170
0171
0172
0173
0174

16
17
13
19
20
21
22
23

24
23
26

27
23

FORMATC )

FORMATC "ENTER FILE NAME OF EXISTING MATRIX FILE")
FORMATC9F8.3)

FORMATC(3I(9F7.2,7).14)

FORMATC 210, JA4)

FORMATC “CONTINUE? (YES OR NO)> _*)

FORMAT( "DONE CHANGING? GO ON TO COMPUTATION? (YES OR KRO)> -*)
FORMATC 6/

=31X *TABLE"12/

51X Bt el 74

*33X "TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS*/
»33X% . - 7/
*4 5% “(*3A2°~ “3A4")1°2/)

FORMATC 46X “TISSUE HALF-TINES"2/

s3X" DEPTH *9C1I6" MIN"))

FORMATC 13X, 9¢CF6.2" SDR"))

FORMATC
5% »
»3IR* ">

FORMATC I9,A4,9F10.3)

FORMATC"1%)

INITIALIZATION AND OPTION SELECT PROCEDURE

20000 OO0

200000

GET LOGICAL UNIT NUMBERS OF TERMINALCLU) AND LINE PRIMTERC(LP).

CALL RMPARC IPAR)
LusIPaR<1)

IFCLUL.LE. 1) LU=LUTRU LU )
IFKLU.LE. 0> LU=LOGLUC ISES)
LP=6

GET DESIRED OPTION FROM TERMINALC1-PRINT 2-CREATE 6-EXIT PROGRAM>
IF 1,2 OR 6 NOT SPECIFIED ASK FOR DESIRED OPTION AGAIN.

MRITECLU, 2>

10PT=é6

READCLY, =) IOPT
1IFC10PT.EQ. 1) GO TO S0
IFCIOPT.EQ.6) STOP
1IFCI0PT.NE.2)> GO TO 40

SELECT CREATE OPTION.(3-MAKE NEW FILE, <4-MODIFY EXISTING FILE
S~-MAKE A NEVW FILE STARTING WITH AN EXISTING FILE, 6-EXIT PROGRAM)>
IF A 3,4,3,0R 6 NOT SPECIFIED ASK FOR DESIRED OPTION AGAIN.

URITECLU, 3>

10PT=6

READCLY, =) 10PT
1FC¢I0PT.EQ.6) STOP
IF¢I0PT.EQ.3> GO TO S3
IFC10PT.EQ.S) GO TO SO
IFCIOPT.NE.4) GO TO 43




END INITIALIZATION AND OPTION SELECT

AW L 2 1 0 -0

L L L L L »8 Ll .l . L LT 2]

FILE SPECIFICATION AND READ IN PROCEDURE

OPENS NEEDED INPUT FILES, CREATES NEEDED OUTPUT FILES, AND READS 1
NEEDED STARTING VALUES FROM THE INPUT FILE.

ABB LTS e L ) BN NN .

GET INPUT FILE NANE FOR OPTIONS t, 4, OR S. IF NO FILENAME
GO BACK AND ASK FOR DESIRED OPTIONS AGAIN.

BOOODOOGOOOOOOOGOO0

o

WRITECLY,1?)

0195 READCLU, 1> MFILE
0196 IFCMFILE.NE.2H ) GO TO S3
0137 IF{IOPT.EG.1) GO TO 40
0158 GO TO 43
0159 €
gaoe ¢ IF OPTION | SELECTED GO TO PRINTOUT PROCEDURE.
920t C
0292 53 IFCIOPT.EQ.1) GO TO 170
0263 C
02¢e C IF OPTION 4 SELECTED NO NEW OUTPUT FILE NEEDED. GO OPEN INPUT FILE
0208 €
0206 IFCIOPT.EQ.4) GO TO S8
0207 C
0208 C GET NAME OF NEW OQUTPUT FILE IF OPTION 3 OR S SELECTED.
029y C IF NO FILENAME SPECIF1ED GO BACK AND ASK FOR DESIRED OPTION AGAIN.
0210 ¢C
02t1 SS WRITECLY,?)
0212 READCLU, 1) IFILE
0213 IFCIFILE.EQG.2H ) GO TO 4S5
0214 C
0218 C CREATE NEW OUTPUT FILE. IF AN ERROR OCCURSCIERR.LT.0) GO BACK AND
0216 C ASK FOR AMOTHER QUTPUT FILENANE.
0217 €
0218 CALL CREATCIDCB, IERR,IFILE.29.4,0,60)
0219 CALL FMPERC IERR, NAM,LU)
0220 IF{IERR.LT.0) GO TO SS
022¢ ¢
0222 C IF OPTION 3 SELECTED NO FILE INPUT NEEDED. VALUES OF ALL VARIABLES
0223 C WILL REMAIN AS THEY WERE- SET IN DATA STATEMENT.
0224 C
022S IFCIOPT.EQ.3> GO TO 65
o 0226 ¢

' 0227 C OPEN INPUT FILE IF OPTION 4 OR S 3ELECTED. GO BARCK FOR NEW

i 0228 C ON ERROR.

i 6229 C

: 0230 38 CALL OPEN¢ IDCBM, IERR,MFILE,3>
0231 CALL FNPERC IERR,NAM,LU)
0232 IF<1IERR.LT.0) GO TO S0
0233 C
0234 C READ FIRST RECORD OF INPUT FILE INTO SURFACING TENSION ARRAY
0238 C “STNSN®,
0236 C

- 0237 CALL READF(1DCBM, IERR, IBUF, IL)

Cl-4




0238
0239
0249
0241

0242
0243
0244
0248
0246
0247
0248
0249
0230
0231

0252
3233
0234
023S
0256
0237
0238
0239
0266
0261

0262
0263
0264
0263
0266
0267
n248
0269
0270
0271t

0272
0273
0274
027S
0276
0277
0278
8279
0280
0281
0282
0233
0284
0283
0286
0287
0288
0289
0290
0291
0292
0293
0294
0298
0296
0297

Towes -‘&;‘“,"%“";.‘ﬁzqg[’!f ikl e

OO0 o000

Q00

o000 60000 OO0

CALL FMPERC IERR,NaN,LU)
CALL CODE
READC IBUF, 18> STNSH

POSITION FILE TO 31ST RECORD AND READ IT INTO UNITS MODE °MODE"™,
STOP DEPTH INCREMENT “INCR" AND INERY CAS LABEL ARRAY "ICAS®.

CALL POSNT( IDCBM, IERR,29, 0>
CALL READF<10CBM, IERR, IBUF, IL>
CALL FMPERC IERR.NAN.LU)

CALL CODE

READC IBUF,20) NODE, INCR, IGAS

READ IN TISSUE HALFTIMES INTO ARRAY "NHLFTM"™ AND THE NUMBER OF
TISSUES INT “NTISS* FROMN THE 32ND RECORD.

CALL READF< IDCBM, IERR, IBUF, IL)
CALL FMPERC IERR,NAN,LY)

CALL CODE

RERDC IBUF,10) HLFTH, NTISS

READ IN SATURATION-DESATURATION RATIOS INTO ARRAY *SDR™ FROM 3I3RD
RECORD.

CALL READFCIDCBM, 1ERR, IBUF, IL)

CALL FMPERC IERR,NAN,LU)

CALL CODE _

READC 1BUF, 10) SDR

CLOSE INPUT FILE JUST IN CASE

CaLL CLOSEC 1DCBM>

WRITE OUT STARTING STNSN,HLFTN,SDR,AND NTISS VALUES TG TERMINAL.

WRITECLU,19) STNSHN,HLFTN, SDR,NTISS
WRITEC(LY, 21)

WANT TO CONTINUE? IF NOT GO 8ACK TO SELECT DESIRED OPTION AGAIN.

READCLY, 1> ICONT
IFC(ICONT . NE . 2HYE) GO TO 43

END FILE SPECIFICATION AND READ IN

STARTING VARIABLE CHANGE PROCEDURE

ALLOWS DESIRED VALUES TO BE CHANGED. HITTING A RETURN KEY RETAINS
DISPLAYED VALUES.

0000000000000 GO0O0D0

CHANGE INERT GAS NAWE.

Ct1=8




0293 79 WRITECLU,8) 1GAS

9299 READCLU, 9> JGAS

9300 IF( JGAS .EQ.4H > GO TQO ?S

A3 01 DO 72 1=4,3

8302 P2 IGASC 1)=yGASCl)

a303 ¢

0304 C CHANGE NUMBER OF TISSUES. ‘
0338 C

Q396 7?38 WRITEC(LU, 14> NTISS

9307 READCLU, =) NTISS

0308 C

0339 ¢ CHANGE S3SURFACING TISSUE TENSIONS.

9310 C

Q3tt WRITECLU.1S) (STNSNCI>,I=1,NTISS)

a312 READCLU, =) STNSN

9313 ¢C

0314 CHANGE TISSUE HALFTIMES.

0315 €

0316 WRITECLY,12) (HLFTMCI), st ,NT1SS)

0317 READCLU,*> HLFTH

3318 C

8313 C CHANGE SATURATION OESATURATION RATIO0S.

0320 C

0321 WRITESLU, 13> C(3DR <I),1=t,NTISS)

0322 READCLU, #> SDR

0323 C

032¢ C CHANGE DEPTH MULTIPLIER.

0328 C ,
0326 WRITE(LU,6) MULTP

0327 READCLU,#»)> MULTP

0328 ¢

icalc B o IF CCNE CHANGING GO COMPUTE TABLE OF MaXIiUNM TIS3SUET TEndicid. if
0330 C MORE CHANGES DESIRED OR TO REVIEW YALUES GO BACK TO BEGINNING OF
0331 ¢ PROCEDURE .

0332 ¢

0333 WRITECLU,22) )
0334 READCLU, t ) 1CONT

0333 IFCICONT.NE.2NYE) GO .TO 70

0336 C

0337 Caws LT Y e
0338 C ,
0339 ¢C ENO CHANGE PROCEDURE

0340 ¢

0341t C» WO e o 0 R W O WD EL LT
0342 C

0343 C=» 0w e "
0344 C

0343 C MAXIMUM PERMISSIBLE T1SSUE TENSION COMPUTATION PROCEDURE

0346 C

0347 Cao »e LIl LT
0348 C

0349 C SET SURFACING TENSIONS INTO FIRST ROW OF “MTABLE".

03Se C

0351 00 80 K=1,3

03382 0O 80 1=1,NT188

0333 80 MTABLEC(K, I, 1 )=STMENC 1)

03¢ C

0388 ¢

03Sé¢ C COMPUTE THREE SETS OF NMAXIMUM TISSUE TENSIONS IN 10 FSU,3 AND S
0387? C MSY INCREMENTS.

'i}!"iﬁnfm;f“;‘:, S

C1-6




0353 ¢
0339 00 120 K=t,3
0360 MODE=1
0361 IFCK.GT.1) MODE=2
0362 C
0363 ¢ SELECT APPROPRIATE CONVERSION FACTOR TO CONVERT YALUE OF “INCR"™ TO
0364 C UNITS OF FSW. ALL MAXIMUM TISSUE TENSIONS IN UNITS OF FSU BUT THE
0365 C DEPTH INCREMENT MAY BE IN FEET Ok METERS.
0366 C
0367 ATND=FACTRCMQDE )
0368 INCR=10
4389 IF(K.EQ.2) INCR=3
03790 IF(K.E@.3) INCR=aS
037t ¢
0372 ¢ COMPUTE ONE SET OF MAXIMUM TISSUE TENSIONS FOR 30 DEPTH INCREMENTS
0373 ¢
0374 CALL MCOMP{MTABLE,K,MULTP,6 INCR,ATMD)>
0373 120 CONTINUE
0378 ¢
0377 ¢ P LT IT P T T PP T PP TP W
937 Cc
3379 ¢ END MAXIMUM TISSUE TENSION COMPUTATION
9380 C
9351 C a% Ll 2 L) L 2] Lt T )
90332 C
9333 ¢ e b b
0334 ¢
4388 C FILE OUTPUT PROCEDURE
0386 C
0387 Comaadmms s am e mmiem i nl mil mih S0 1 il 55 il ik Wl E L] R
0388 ¢
0369 C GET RID OF OLD FILE AND CREATE NEW FILE WITH SAME NAME FOR
03%0 ¢ OPTION 4 ONLY.
839t C
0392 IFCIOPT.NE.4) GO TO 140
0393 CALL PURCE( IDCBM, IERR,.MFILE)
0394 CALL FMPERC IERR,MFILE,LU)
0393 CALL CREATCIDCOD, IERR.MFILE,29.4,0,60>
0396 CALL FMPERC IERR,MFILE.LW)
9397 00 130 I=1,3
0398 130 IFILECI d»MFILECT)
0399 ¢
0400 ¢ OPEN OUTPUT FILE, GO BACK AND ASK FOR DESIRED OPTION ON ERROR.
040! C
0402 140 CALL OPENC1IDCB, IERR, IFILE,3)
0403 CALL FMPERC IERR, IFILE.LU)
0404 IFCIERR.LT.0) GO TO 43
0408 ¢
0406 L 4+00004004004000000400000040 40400004444 S4 P LE4EHEELEHELLR4E PS4 Se000 e
0407 ¢
0408 C WRITE THREE 3UB-FILES TO THE QUTPUT FILE.
0409 C
QE10 COPttttstt ittt tttt 4400444420004 S+ 44044 PE $4 L P44+ LSS L4 444244 G442 0
041t C
0412 00 160 K=1,3
0413 C
0414 C SET DEPTH UNITS MODE AND INCREMENT
0413 (¢
0416 MODE=1
041? IFCK,.GT .t ) MODE=2
c1-7
e S IR KT et ARSI Gy Ve -




0413
0419
0420
0421

0422
0423
0424
042s
0426
0427
0428
0429
C4390
0431

0432
0433
0434
043%
0436
0437
0438
0439
0440
0441

0442
0443
0444
0445
0446
0447
0448
0449
040
0451
0452
0453
0454
0455
0456
04S7?
0458
0429
0460
0461

0462
0463
0464
0465
0468
0467
0468
0463
04760
0471

0472
0473
0474
0473
0476
0477

OO0

000

o060

000

160
c

INCR=1¢
IF(K.EQ.2) JNCR=3
IFC(K.EQ.35 INCR=S

URITE MTABLE TO OUTPUT FILE

DO 130 Jwt, 30
WRITEC(LU,18) (MTABLECK,1,J>, I=1,NTISS)
CALL CGDE
WRITECIBUF,18) (MTRBLE(K,I,4)>,1I=1,9)
CALL WRITFCIDCB, [ERR, IBUF,IL)
CONTINUE

URITE OUT UNITS,DEPTH INCREMENT, AND INERT GAS NANME.

URITECLU,20)> MODE, INCR, ICAS
CALL CODE

WRITEC IBUF,20) NODE, INCR, IGAS
CALL WRITFCIDCB, IERR. IBUF, 14)

WRITE OUT HALFTIMES AND NTISS

WRITECLU,11) NTISS

WRITECLUY,10) CHLFTMC(I),I=1 ,NTISS)
CALL CODE

WRITECIBUF, 10> HLFTN,NTISS

CALL WRITFCIDCB, IERR, IBUF, IL)

WRITE OUT SDR VALUES

WRITEC{LU,10)> (SDRCID,I=t NTISS)
WRITECLU, 16>

CAaLL CODE

WRITECIBUF,10) SDR,NTISS

CALL WRITFC(IDCBH, IERR, IBUF, IL)
CONTINUE

[nd e T o2 DY T T P R Pwes

[y S e Ne Ny Ne Ny NeNp Nyl

163

c

DONE WRITING 3 3UB-FILES

L T R N R b T T e e S S TP Y

ASK IF PRINTOUT WANTED. IF "NO™ CLOSE FILE AND GO BACK TO SELECT
DESIRED OPTION. IF “YES™ REWIND FILE BEFORE GOING TO FRINTOUT
PROCEDURE.

UWRITEC(LU., 4>

READCLU. 1> ICONT

IFCICONT .NE.2HYE)> GO TO 163
CALL RUWNDF(1DCB, IERR>

Go TO 17%

CALL CLOSE<IDCB, IERR>

CALL FMPERC IERR,NAM,LU)

GO TO 40

Comwnm

c
[»
c

PRINTOQUT PROCEDURE

C1-8




0478 CorantansssseReSRu OB RN Sl GR SR Wil WM 5h 0 50 W 5ol 0 0 00 0 o O o S N A

Q473 ¢ :
0436 C GPTION t ENTERS HERE BECAUSE INPUT FILE MUST BE OPENED FIRST. '
048t € GO BACK TO GET ANOTHER FILENAME ON ERROR. "IFILE" AND "MFILE" |
8432 € ARE THE SAME FILE FOR OPTION 1. ‘
0483 C

0484 170 CALL OPEN(IDCB, IERR,MFILE, 3>

04838 CALL FMPERC IERR,NaM,LU)

0486 IFCIERR.LT,.0> GO TO S0

0487 00 172 1=1,3

Q488 1?72 IFILECII=MFILECT)

%489 C >
U490 Crert sttt sttt sttt tt sttt bttt bt It 40444424 4442 S2 LSt PS4 L PG4 $ L 4GS PRSI L4444

09491 €

0492 C PRINT OUT THREE TABLES FROM THE THREE SUBFILES.

U493 C

[(TL LR R S S St o SRR T B e N T L T

043 C

0496 175 00 210 K=1,3

0497 DO 180 . 1,30

0498 CALL READF¢ IDCB, 1ERR, IBUF, IL,LEN)

0499 CALL CODE

0500 READC IBUF, 18) (MTABLE(K,I,J),I=1,9)

0S06% 180 CONTINUE

8502 C

9503 C READ IN DEPTH UNITS MODE, INCR,GAS

0504 C

0Z0S CALL READF(1DCB, IERR, IBUF, IL>

0506 CALL CODE

9507 READC IBUF ,20) MODE, INCR, ICAS

0508 coaLl REAOFC IDCB, IERR, IBUF . IL)

S09 CALL CODE

0510 READC IBUF,10) HLFTM,NT1SS

0St1 CALL READF( 1DCB, IERR, IBUF, IL)>

0512 CALL CODE A
03513 READC IBUF,10) SDR

S14 C

0513 C PRINT HEADER

0516 C

0817 WRITECLP,23) K, IFILE, IGAS

csi1a WRITECLP,24) (HLFTMCI), I=t ,NT1SS)

9%19 WRITECLP,23) (3DRC1),1=1,NTIS3)D

0S20 WRITECLP,26)

0%21 D0 200 J=1,30

0522 IDPTHEINCR®»J

0523 WURITECLP,27) IDPTH,UNITSCMODE ), (MTABLECK,1,J), I=1 NT1SS)

0524 200 CONTINUE

65285 C

0526 C PRINT FOOTER

0sS2? C

0528 WRITE(LP,26)

0329 WRITECLP, 28>

0530 210 CONTINUE

9531 C

0S32 Crrttstt t0400040 4040000004 P EPBR 4P 4440 PG 4L 4 PP L P4 L4444 DI 44444344444 &

0833 C

0534 C DONE PRINTING SUB-FILES

08238 C

0S36 Crterettttttt sttt Pttt it it sttt 4t d 04400444444 4444344046400 4 444444044444+

0837 C

c1=9




0533 ¢ CLOSE FILE AaND GU BACK TO SELECT NEW OPTION.

0539 C

0S40 CALL CLOSECIDCB, IERR>

US4t CALL FMPERC IERR,NaW,LU)

0542 GO TO 40

0843 ¢ .
054‘ C.ll‘..“ P L2 ALY A AL PPl LI EL Y E Y YTEIEEIEL P TIY FYT
0545 C

0546 C END PRINTOUT PROCEDURE

0547

0543 C#ttt"‘#..-t‘t“.“.'-.-...-...-ll“ [T LTI PR LA E LI RL ISP TP T}
0549

0%<o END

0SS! ENDS

ci-10




ANNEX C-2

SUBROUTINE MCOMP
(Version 1.0)
LISTING




LMCOMP T=00004 IS ON CRO00Y4 USING 00077 BLKS R=0000

0001t

0502
9003
3004
0008
000é
2007
3008
3009
Joro
3011

3012
go13
AR
0018
3016
0017
0013
§019
0020
0021

2022

2023
0024
002S
0026
9027
d8z8
0029
0030
0031

09032
9033
0034
003%
0036
0037
0038
0039
0040
0041

0042
0043
0044
0043
0046
0047
0048
0049
0080
9021

0052
0083

FTNe
SUBROUTINE MCOMPCMTABLE.K,MULTP, INCR,ATMD >, 10 OEC 82 VER 1.0

COMPUTES A TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS FROM THE
YALUES IN THE FIRST ROW OF “MTABLE" (THE SURFACING TENSIONS),
THE TENSIONS AT DEFTH RRE KELATED Il THE SURFACING TENSIONS

BY THE RELATIOHEHIP:

TENSION AT DEPTH = SURFACING TENSION + DEPTH=MULTP

THE 3URFACING TENSIONS AND THE DEPTH MULTIPLIER <(MULTP)> MUST BE

SPECIFIED.
09 9009000 CR 0P PR 00RO R00E0900
e ]
[} WRITTEN BY e
9 @
@ CDR EDWARD D. THALMANN <(MC> USN @
] @
) e
@ U.S. NAYY EXPERIMENTAL DIVING 9
] UNIT 2
] PANANA CITY,FLORIDA 32407 @
9 @

0000009000900 070000IR 0GRV I0RCIGGE

SRANBAAVARRARVREBL B AVBV NSRRI R0 R0 N NGB AV NL AR BV RRLURBERBBRERAUNBRUN S
A

s JARIABLES =
LI T PR TP P T

* VARIABLES ASSOCIATED WITH HEWLETT PACKARD RTE Iv-B8
OPERATING SYSTEM.

ATMD CONVERTS DEPTH UNITS TO FSUW

INCR STOP DEPTH INCREMENT REARD FROM FILE
MTABLE ARRAY HOLDING THREE SUB-FILE VYALUES
MULTP DEPTH MULTIPLIER

SHUBHBRRARNARSBURARNRNAGRABANA AR NENBAERRIRARANEANNBRUBRABNGRURRU AR RN NG

CGOOO0OOO0OOCOO0O0OCO0O0O00GO00CGOOOGOOCGO0GOONOCGCOOCO

REAL MTABLE(3,9,30)>,NULTP

c
C
c COMPUTE ONE SET OF MAXIMUM TENSIONS.
C
00 100 J=2,30
DO 100 I=1,9
100 MTABLEC(K, I, J)SMTABLEC(K, I, J=1 )+MULTP*INCR*QATMD
RETURN
END
ENDS

ca-t
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(Version 2.0)
LISTING




INCMPL

8001

0002
6003
0004
000S
9006
0007
0008
9009
8010
0011

0012
0013
0014
001S
0016
00t7
0018
0019
0020
0021

0022
0023
0024
0025
8026
0027
9028
0029
00390
0031

0032
0033
0034
003S
3036
0037
0038
0039
0040
0041t

0042
0043
0044
00435
0046
0047
0048
0049
0030
0031

0032
0033
00384
00SS
0036
0037

T=00004 IS ON CRO001S USING 00026 BLKS R=0000
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SUBROUTINE MCOMP(MTABLE,K,NMULTP,INCR,ATMD), 10 DEC 82 VER 2.0

CONMPUTES A TABLE OF MAXINUM PERNISSIBLE TISSUE TENSIONS FROM THE
VALUES IN THE FIRST ROU OF “"MTRBLE™ (THE SURFACING TENSIONS.

THE TENSIONS AT DEPTH ARE RELATED TO THE SURFACING TENSIONS BY THE
RELATIONSHIP:

M = FN2 » 33 » ((SR/R)mw{0 + R - 1)

WHERE :
M = MAXIMUM PREMISSIBLE TISSUE TENSION AT A GIVEN DEPTH
SR = SURFACING TENSION / 33.#FN2Z <«THE SURFACING RATIO)»
R =N / (DEPTH + 33)sFN2 CTHE DEPTH RATIO>

FN2= FRACTION OF NITROGEN
THE YALUES OF *"SR* (SURFACING RATIOS)> ARE EMPIRICALLY DERIVED. ThE

ABOVE EQUATION CANNOT BE EXPLICITLY SOLVED FOR *M“ anD MUST BE
SOLYED BY ITERATION,

9003909092930 00 0@ RRCAYGARIFEEIRR0

@ [
e WRITTEN BY o)
a @
@ CDR EDVARD D. THALMANN <MC> USK @
Q e
9 @
@ U.S. NAVY EXPERIMENTAL DIVING @
] UNIT @
[ PAaNaMA CITY,FLORIDA 32407 @
[ e
@ @

020029000902 092099990003 29990000 @00

SARBAUBBUBBEBBVOBRVE 20V B R4 BOUN AU BNV BURRGENR BN RUBUBRBBBREBRORNUN RGN

0 A ok o SR I B

* YARIABLES =
AT I I I

* VARIABLES ASSOCIATED WITH HEWLETY PACKARD RTE [v-8
OPERATING SYSTEM,

ATMD CONVERTS DEPTH UNITS TO FSW

DN2 CURRENT AMBIENT INERT GRS TENSION
DN20LD PREYIOUS RNBIENT INERT GAS TENSION
oY FIRST DERIVITIVE OF “Y"

FN2 NITROGEN  FRACTION

IPRNT ALWAYS PRINT ITERATION VALUES IF =
M MAXINUN TENSION AT CURRENT DEPTH
MTABLE ARRAY HOLDING THREE 3SUB-FILE VALUES
MULTP DEPTH MULTIPLIER

NITR NUMBER OF NEWTON RAPHSON ITERATIONS

C3~t




!

0SS ¢ K DEPTH RATIO

0053 ¢ SCRK VARIARBLE USED TO CHECK FOR SIGN CHANGE

Y60 ¢ 3k SURFACING RATIO

yidét C T MAXIMUM TISSUE TENSION

0dé2 C T TRIAL VALUE OF *T* ,
0963 C TERROR MAXIMUM ITERATION ERROR

widd C VALIT ARRAY CONTAINING ITERATION VALUES

0065 <C Y NEWTON RAPHSON NULL VARIABLE

0066 C Y1 TRIAL VALUE OF *v*

0087 C

U068 CHUNSBASURISBNAIRUBBURBBADBERURRREFRABEARE RN NI BENEBRBBRRRRERREBRBRRERR A
0069 C

0070 C

8071 REAL MTABLEC3,9,30) MULTP, M, VALIT(4,10)

0072 C

0073 C

0074 | FORMATC(//1 GX*NEWTON RAPHSON ITERATION®//

0073 *EX"IYEXT JYEX"KTEX"M"

0476 »/3%,14,3%,14,3%,14,F13.6,1%//

0u?? *IKITTI7X Y 14X DY 13IX" Y/DY"/10C4F16.7/)//7/)

0078 C

(13 I R B e T L
0080 C

[113°7 B o BEGIN

082

O8I Criet sttt ttt it 4444004000444 044044 P+ 44t L4 PL VP PH 4G4 S bt P4 P 4L+ 4o 440440
0024 C .
008 ¢ SET “1IPRNT™® TO *1* 1F ITERAQTION PRINTOUT ALWAYS WANTED. OTHERWISE
0038 C SET TO ®o0*.
087 ¢
0088 IPRNT=Q

0039 C

30%0 L SET INERT GRS FRACTION TO ?75%.

0059t C

0092 FN2=0,79 !
06¢3 C

0054 (

0095 C COMPUTE ONE SET OF MAXIMUM TENSIONS.

0696 C

0837 0O 400 I=1,9

0098 D0 400 J=2,30
0699 C

0160 C CC..PUTE DEPTH FOR THIS AND PREYIOUS ROW OF “MTABLE"™.
2101 C

01902 DN2=¢{ J=1 )2 INCR*ATMD +33. )wFN2

gtos DNZQOLD=CC J=2 ) INCR*ATMD+33 ., YeF N2

104 ¢

0108 C COMPUTE SURFACING RATIO

0106 C

0107 SR=MTABLECK, 1,1 )2/¢33.2FN2)

0108 ¢C

0109 Came w10 i e
0110 C

2111 C NEUTON RAPHSON ITERATION

0112 C

0113 Cenn L]

ot1e C

0118 C INITIALIZE NUMBER OF ITERATIONS TO =0°, '
6116 C ’
0tt? KRITR=(Q
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X,
e

e

6119
0119
0120
0121

0122
8123
0124
0125
0126
0127
0128
0129
0130
0131

0132
8133

‘0134

013S
0136
0137
0138
0139
0140
0141
0142
0143
0144
0143
0146
0147
0148
0149
0150
31351
01392
0183
0154
015S
0156
0157
0138
0139
0160
0161
0162
0163
0164
0163
0166
8167
g168
0163
6170
0171
0172
8173
0174
0173
0176
0177

Cc
[»! COMPUTE DEPTH RATIO "R“. *¥Y"™ WILL BE EXACTLY 0.0 WHEN “T* IS
c THE CORRECT MAXIMUNM TENSION FOR THIS DEPTH. *DY" IS THE FIRST
C DERIVITIVE OF *Y*~,
C
TaMTABLECK, 1, J=-1 )#{DN2)/{DNZOLD)
230 R=T/¢DN2)>
YaT=33, eFN2e((SR/R)s*1 0+R~-1)
DY=1+4¢(330.4FN2/T)e( SRR Jem10-(33.sFN2/DN2>
c
o SEED ERROR CHECK WITH °*T™ aND *Y* ON FIRST PRSS.
c
IF(NITR.GT.0)> GO TO 240
TisT
Yimy
240 NITRsNITRei
c
[» SAVE ITERATION VALUES FOR IN CASE PRINTOUT QCCURS.
c
VALITC) ,NITR)=T
VALITC2,NITR)=Y
VALITC(3,NITR)Y=DY
VALITC4,NITR)I)=Y/DY
c
[ 3T0P ITERATION IF *"Y®" AND *¥/DY" ARE BOTH LESS THAN THE ACCEPTABLE
[ ERROR.
[of
IF(ABS(Y/0Y)>,LE. 0.0001 .AND. ABSC(Y).LT.0.00t> GO TO 270
[
[»d STOP ITERATION AFTER 10 PASSES NO MATTER WHAT,
W
IFCNITR.EQ.10) GO TO 270
c
[ IF *Y"™ HAS UNDERGONE A SIGN CHANGE SINCE LAST RECORDING "T1* THEN
c “ABS¢T~T1)>" IS THE MAXIMUM ERRGR FOR "T*. IF THIS ERROR IS
c ACCEPTABLE THEN STOP ITERATION. THIS TERMINATES ITERATIONS WHERE
c "Y* OSCILLATES AROUND ZERO MORE RAPIDLY. IF "“SCHK" IS POSITIVE
o THEN NO SIGH CHANGE OCCURED AND NO ERROR CHECKX MADE.
C
SCHK=SIGNC1 . 0,Y>SIGNCY . 0,YY)>
IFCSCHK.GT. 0> GO TO 260
TERROR=ABSC( Tt-T)
IFCTERROR.LT.0.0001)> GO TG 270
Ti=T
Y=y
[»4
c COMPUTE NEW ESTIMATE OF THE CROSSOVER TIME FOR THE NEXT PASS,
c
260 TeT=-C(Y/0Y)
GO TO 23¢
Cc
Cc WRITE QUT ITERATION VALUES IF CONVERGENCE TO ERROR LIMITS MAS NOT
c OCCURED IN 10 ITERARTIONS QR IF PRINT MODE ON ( IPRNT=1),
[#
270 IFKNITR.LT.10 (AND. IPRNT.EQ.0) GO TO 300
WRITECE,1) I,4,K,MTABLECK, I,J=1),CCVALITCN,L),Nal,4),Le1 NITR)
300 MTABLE(K, [, J)=T
c
c LT LT T T N R ne
c
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073 C END NEUWTOR RAPHSQON ITERATION .
0179 ¢ )
0180 Comuwwmnpmgenme ks el gid deg S 0 00 Wl Aok s 0 350 dral e 350 00 300 5 10 o 3 00000 900 200 300 D e A 101 345 3 20 00
0181 €
0182 4400 CONTINUE .
0183 RETURN
0184 END
0185 ENDS
|
]
o
|
.
i
|
]
c3-4 !
.. e b P




ANNEX C-4

SUBROUTINE MCOMP
(Version 2.1)
LISTING

Lo S XY s Y e

Gl A e




LMCMP3I T=00004 IS ON CRO0O01S USING 00010 BLKS R=0000

0001

00902
0003
G004
000S
0006
0007
goo8
8009
0010
0011

0012
0013
0014
0015
0016
co4?
9018
0019
0020
0021

0022
0023
G024
002S
0028
0027
0023
0029
0039
0031

0032
0033
0034
0035
0036
0037
0038
0039
0040
0041

0042
0043
0044
0043
0046
0047
0048
0049
00390
00S1

0032
0033
00354
00SS
00356
0087

FTN4
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SUBROUTINE MCOMPCMTABLE,K,MULTP, INCR,RTMD>, 10 DEC 82 VER 2.1
COMPUTES A TABLE OF MAXINUM PERMISSIBLE TISSUE TENSIONS FROM THE
RELATIONSHIP:
FOR DEPTHS GREATER THAN OR EQUAL TO 80 FSU:
M = 67.46 + 1.157%D - (17.46 + 0.157%D>%( 0,5+x(D/S0))
AND FOR DEPTHS LESS THAN 80 FSU:
M= 29,55 ¢ 1.035%D + 33>

WHERE "D* IS DEPTH IN FSW AND *M* THE MAXIMUM PERMISSIBLE TISSUE
TENSION IN FSU4.
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» YARIABLES =
M B R

* VARIABLES ASSOCIATED WITH HEWLETT PACKARD RTE 1v-8
OPERATING SYSTEM.

ATMD CONVERTS DEPTH UNITS TO FSW

D DEPTH OF MAXIMUM TENSION (FSW)

INCR STOP DEPTH INCREMENT READ FROM FILE
M MAXIMUM TEHSION AT CURRENT OEPTH
MTABLE ARRAY HOLDING THREE SUB-FILE YALUES
MULTP DEPTH MULTIPLIER

ABABARADNBARRBIRBRBDRVRNDN DR BB ANV SABE DR NN ARNANBE N AR BRR A VR ANEANGNU AN G0

REAL MTABLECI,9,30),MULTP, M

COMPUTE ONE SET OF MAXIMUM TENSIONS.

DO 100 J=1,30
D=( J=1 )2 INCR=ATMD
IF(D.LE.S80) M=67.46¢D%1 ,187-C17.46+0.1374D)%( 0.5%»<D/S0. ~)

Ca-1
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T ANl

808
00%9
0050
0051
0062
0063
0064

100

ma

By R N L S Yl
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Ry U X K]

IF<D.GT.80 M=29.53¢1, 03%4(D+33>
08 30 1=1,5

MTRBLEC(K, I, Jdmn

CONT INUE

RETURN

END

ENDS
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ANNEX C-5

MCOMP VERSION 1.0
ASCENT CRITERIA
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TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS

- - -~ " - >

CHYALG1- HELIUM )

TISSUE HALF-TIMES

DEPTH S HMIN 10 MIN 20 MIN 40 MIN 80 NMIN 120 MIN 160 MIN 200 MIN 240 MIN

1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDPR 1.00 SOR 1.00 SDR t.00 SOR
10 FSU 136.000 110,000 83.000 66.000 S4.000 48,000 44.500 44.000 43.300
20 FSW 140.000 120.000 93.000 76.000 64.000 $8.000 $4.300 S4.000 $3.500
30 FSW 150.000 130.000 103.0090 86.000 74.000 68.000 64,3500 64.000 63.500
49 FSY 160.9000 140.000 113.000 96.4600 84.000 ?8.000 74.500 74.000 ?3.500
38 Fsu 170.000 150.000 123.000 106.000 94.000 88.000 §4.300 84.000 83.500
60 FSW 180.000 160.000 133.000 116,000 104,000 98.000 34.300 94.000 93.500
70 FS¥ 190.000 170.000 143.000 126.000 114,000 103.000 104.500 t04.000 103.500
80 FSu 200.000 180.000 183.000 136.000 124,000 118.000 114,500 114.000 113.800
90 FS¥ 210,000 190.000 163.000 146.000 134.000 128,000 124.500 124.000 123.500
100 FSU 220.000 200.000 173.000 156.000 144,000 138.000 134.500 134.000 133.500
110 FSY 230.000 210.000 183.000 166.000 154.000 148.000 144.500 144.000 143,500
120 FSU 240.000 220.000 193.000 176.000 164.000 158.000 154.500 154.000 133.5¢0 ¢
130 FSu 230.9000 230.000 203.000 186.0090 174.000 168.000 164.500 164.000 163.500
140 FS¥ 260.000 249,000 213.000 196.000 184,000 178.000 174.5400 174.000 1723.500
150 FSW 270.000 230.9000 223.4000 206.000 194.000 188.000 184,500 184,000 183,300
160 FSU 280,000 260.000 233.000 216.000 204.9000 198.000 194,500 194 . 000 193.500
170 FSu 290.000 270.000 243.000 226.000 214.000 208,000 204,500 204.000 203.5400
180 FSU 300.000 280.000 253.000 236.000 224.000 213.6000 214.300 214.000 213.500
190 FSU 310.000 290.000 263.000 246.000 234.000 228.00¢ 224.300 224 . 000 223.500
200 FSU 320.000 300.000 273.000 256.000 244.000 238.000 234.500 234.000 233.500
210 FSY 330. 000 310.900 283.000 266.000 254,000 248.000 244 .500 244.000 243.500
220 FSU 340.000 320.000 293,000 276.000 264,000 2%8.000 234.3500 254.000 253.3500 [

230 FSU 350.000 330.000 303.000 286.000 274.000 268.000 264.500 264 .000 263.3500
240 FSM 360.000 340.000 313.000 296.000 284,000 278,000 274.500 274.000 273.500
2350 FsSu 370.000 35¢.000 323.000 - 206,000 294.000 288.00¢0 264.5090 284.000 283.500
260 FSW 380.000 360.000 333.000 316,000 304.0090 298.000 294.500 294.008 293.300
270 FSU 390.000 370.000 343.000 326.000 314.000 308.000 304.500 304.000 303.500
280 FSu 400.000 380.000 353,000 336.000 324.000 318.000 314.500 314,000 313.500
290 FS¥ 419.000 390.00¢ 363.000 346.000 334.000 328.000 324.500 324.000 323.500
300 FSW 420,000 400.000 373.000 356.000 J44.000 338 . 000 334.500 334.000 333.500
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TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS

T

CHVAL 02- HELIUM >

TISSUE HALF-TIMES

DEPTH 3 MIN 10 NIN 20 MIN 40 NIN 80 MIN 120 MIN 160 MIN 200 MIN 240 MIN

1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SODR 1.00 SDR 1.00 SDR 1.00 SDR
10 FSU 130.000 110.000 98.000 70.000 56.000 $0.000 45.500 44.000 43.500
20 FSu 1490.000 120.000 98.000 80,000 66.000 60.9000 S$35.300 S4.000 $3.500
3o FSW 150.000 130.9000 108.000 90.4000 76.000 78.060 63.300 64.000 63.300
40 FSY 160.000 140,000 113.000 100.000 86.000 80.000 73.800 74.9000 ?3.3500
S0 FSW 178.000 150,000 128. 000 $10.000 96.000 $0.000 95.500 84.000 83.3500
60 FSW 180.000 164.000 138.000 120.000 106.000 100.000 95.500 94.000 93.500
70 FSW 190,000 170.000 148,000 130.000 116.000 110.000 1035.500 104.000 183.500
80 FSU 200.000 180.000 198,000 140,000 126.000 120.000 118.500 114,000 113.500
90 FSW 219,000 190.000 168.000 150,000 136.000 136.000 125.500 124.000 123.500
100 FSW 220,000 200.9000 178.000 160,000 146.000 140.000 135.500 134.000 133.500
110 FSuW 230.000 210,000 t98.000 170.000 156 . 000 150.000 145,500 144,000 143.50¢
120 FSU 240,000 229.900 198.000 180.000 166.000 160.000 155,500 194.400 183.500
i 130 FSu 250.000 230.000 209.000 190.000 176.000 170.000 163.5¢00 164.000 163.500
140 FSW 260.9000 240.000 218,008 269.000 186.000 180.000 175.500 174. 000 173.3500
150 FSu 270.000 250.000 228,000 210.000 196.000 19¢0.9000 185.3500 184.000 183.500
160 FS¥ 280.0090 260.000 238,000 220,000 206.000 200.000 195.500 194.000 193.500
170 FSW 290.000 27¢.000 248.000 230.000 216.000 210.000 208.500 204 .000 203.500
180 FSW 300.000 2680.000 238.000 240,000 226.000 220.9000 2135.500 214.000 213.500
190 FSW 310.000 290.000 268.000 2%50.000 236.000 230.000 223.500 224.000 223.500
200 FSu 320.000 300.000 278.000 260.000 246.000 240.0006 23%.3500 234.000 233.5¢00
210 FSu¥ 33¢6.000 310.000 288.000 27¢6.900 2%6.000 23¢.000 «~43.500 244. 000 243.500 [,

P

AN

220 FSY 340,000 320.000 298.000 280.000 266.000 260.000 2%35.500 254.000 233.500
230 Fsu 336,000 330.000 308.000 290,000 276.000 270.000 265.500 264.000 263.500 '
240 FSU 364.000 340.000 318.000 300.000 286.000 280.000 273.3500 274.000 273.300 ;
2590 FSu 376.000 350.000 328.000 310,000 296.000 290.000 28%.500 284 . 000 283.500
260 FSU 380.000 360.000° 338.000 320.0090 306.000 300.008 293.300 294.000 293.500
270 FSW 390.000 376.000 348.000 30.000 3156.000 310.000 30S.500 304.000 303.%500
280 FSV 400.000 390. 000 388. 000 340,000 326.000 320.000 313.500 314.000 313.500
290 FS¥ 410,000 390.000 368.000 350.000 336.000 330.000 323.500 324.090 323.3500
300 FSW 420,000 400.000 378.000 364,000 346.000 340.000 335.500 334.000 333.500
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TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS

s me

DEPTH 3 MIN 10 MIN

1.00 SOR 1.00 SDR

10 FSW 130.000 107.000

20 FSW 140.000 117.000

30 FSW 150.000 127.000

40 FSW 160.000 137.000

S8 FS¥ 120.000 147,000

60 FSU 180.000 157.000

70 FS¥ 190.000 167.000

80 Fsu 200.000 172.9000

90 FSU¥ 210.000 187.000

100 FSW 220.000 197.000
110 FSW 230.000 207.000
120 FSU 240.000 217.000
130 FSW 250.000 227.000
140 FSU 260.000 237.000
130 FSu 270.000 247.000
160 FSY 280.009 257.000
170 FSU 290,000 267.000
180 FSW 300.000 277.000
190 FSW 310.000 287.000
200 FS¥ 320.000 297.000
210 FSW 330.000 307.000
220 FSY 340.000 317.000
230 FSu 350.000 327.0060
240 FSU 360.000 337.¢00
250 FS¥ 376.000 347.000
260 FSU 38a. 000 357.00¢
270 FSU 390.000 367.000
280 FS¥ 400,000 377.000
290 FS¥ 410.000 387.000
300 FSu 428.000 397.000

C(HVAL 03~ HELIUM

TISSUE HALF-TIMES

20 NIN 40 MIN
1.00 SOR 1.00 SOR

83.000 68.000

93.000 78.000
103.000 88.000
113.000 98.000
123.000 108.000
133.000 118.000
143.000 128.000
153.000 138.000
163.000 148.000
173.000 158.000
183.000 168.000
193.000 178.000
203.000 188.000
213.000 198.000
223.000 208.000
233.000 218.000
243. 000 228.000
253.000 238.000
263.000 248.000
273.000 258.000
283.000 268,000
293.000 278.000
303.000 288.000
313.000 298.000
323.000 308.000
333.000 318.000
J43.000 328.000
3%3.000 338.000
363.000 348.000
373.000 358.000

80 MIN
1.00 SDR
S$6.000
66.000
?76.000
86.000
96.000
106.000
116.000
126.000
136.000
146.000
156.000
166.000

176.000"

186,000
196.000
206.000
216.000
226.000
236.000
246.000
256,000
266.000
276.000
286.000
296.000
306.000
316.000
326 . 000
336.000
346.000

)

120 HIN 160 MIN 200
1.00 SDR 1.00 SDR 1.00
S0.000 45.3500 44,
60.000 $5.500 S4.
70.000 63.300 64.
80.000 ?75.500 74.
90.000 85.300 84 .
100.000 95.300 94.
110.000 10S.500 104,
120.000 1135.500 114,
130.000 125.500 124,
140.000 135.500 134,
150.000 145.3500 144,
160,000 155.500 1Se.
170.000 165.500 164,
180.000 173.500 174,
190.000 185.500 184,
200.000 193.500 194.
210.000 203.500 204,
220.000 215.3500 214,
230.000 225.500 224.
240.000 235.300 234.
230.000 245.500 244,
260.000 255.500 234,
270.000 265.500 264,
200.000 275.500 274
290.000 28395.500 284,
300.000 295.500 294.
310.000 305.500 304.
320.000 313.500 314,
330.000 325.500 J24.
340,000 33%.500
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MIN
SDR
000
000
000
000
000
000
000
000
000
9¢o0
000
0090
900
000
000
000
00¢
600
0090
gao
000
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000
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000
000
000
000
000
000

1?73,
t83.
193.
203,
213.
.500
233.
243.
233.
263.
273.
283.
293.
303.
313.
323.
333.

223

300
<30
Soe
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l TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIGONS
]

CHVYAL 04~ HELIUM b

TISSUE HALF-TIMES

I DEPTH S MIN 10 MIN 20 MIN 40 MIN 80 MIN 120 MIN 160 MIN 200 MIN 240 MIN

1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDF 1.00 SDR 1.00 SDR 1.00 SOR
l -— —— et ————. Seoecae—e  ecscaeee - mmer.  ceocccoes ececeeee
'l 10 FS¥ 128.000 103.0090 82.000 68.000 $6.000 30.000 45.500 44.000 43.500
| 20 FSu 138.000 113.000 92.000 78.000 66.00¢0 60.000 55.500 $4.000 $3.500
30 FSW 148.000 123.000 102.000 88.000 76.000 70.000 65.3500 64.000 63.500
40 FSY 188.0¢C) 133.000 112.000 98.000 86.000 §0.000 75.500 74.000 73.3560
S0 FSu 168.000 143.000 122.000 1038.000 96.000 90.000 85.500 34.000 83.35.u0
60 FSW 178.000 153,000 132.000 118.000 106.000 100.000 93.500 34.000 93.3500
70 FSuW 188.000 163.000 142.000 128.000 116.000 110.000 105.500 104,000 103.500
90 FSW 198.000 173.000 152.000 133.000 126.000 120.000 115.500 114.000 $13.500
# 90 FSUW 208. 000 183,000 162.000 148.000 136.000 130.7°70 125.500 124.000 123.500
4 100 FSW 218.000 193.000 172.000 158.000 146,000 140,000 135.500 134.000 133.500
110 FSW 228.000 203.9000 182.000 168.000 156.000 150,000 145.500 144.000 143.500
120 FSW 238. 000 213.000 192.000 179.000 166.000 160,000 185.500 154.000 153.300
130 FS¥ 248.000 223.000 202.000 188.000 176.9000 170,000 165.500 164.000 163.500
140 FSW 258.000 233.000 212.000 198.000 186.000 180.000 175.500 174.000 173.500
1S0 FSuW 268.000 243,000 222.000 208.000 196.000 130.000 185.500 184.000 183.500
160 FS4 279.000 233.000 232.000 218.000 206.000 200.0900 195.5¢0¢ 194.000 193.3500
170 FSUW 288.00¢C 263.000 242.000 228.000 216.000 210.000 205.500 204.000 203.509
180 FSU 298.000 273.0090 232.000 238.000 226.000 220.000 215.300 214.000 213.500
190 FSW 308.009 283.000 262.000 248,000 236.000 236.000 225.5¢00 224.000 223.3500
200 F3SW 318.000 293.000 272.000 258.9000 246.000 240.000 235.500 234.000 233.500
210 FSW 328.000 303.000 282.000 268.000 236.000 2%0.000 243.500 244,000 243.500
220 FSW 338.000 313.000 2%2.000 278.000 266.000 260.000 2358.3500 2354.00¢0 253.5¢00
230 FSu 348,000 323.000 302.000 288,000 276.000 270.000 265.3500 264.000 263.500
240 FSW 338.000 333.000 312.000 298.000 286.000 280.00¢ 27%5.500 274.000 273.300
250 FSW 368.000 343.000 322.000 308.40400 296.000 290.0090 28%.%500 284.000 283.500
260 FSu 378.000 353.000 332.000 318.000 306.0400 300.000 293.300 294,000 293.3508
270 FSu 388.000 363.000 342.000 328.000 316.000 310.000 305.3500 304.000 363.300
290 FSuW 398.000 373.000 3352.000 338.000 326.000 320.000 313.S500 314.000 313.300
290 FSu 408.000 383.000 362.000 348.000 336.000 330.000 325.3500 324.000 323.3500
300 FSU 418.000 393.000 372.000 358.000 346.000 340.000 335.500 334.000 333.50¢
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TABLE OF NAXINUN PERMISSIBLE TISSUE TENSIONS

CHVAL 03~ HELIUN b

TISSUE HALF-TIMES

DEPTH S NIN 10 NIN 26 NIN 40 NIN 90 NIN 120 MIN 160 MIN 200 MIN 240 MIN
1.00 SDR  1.00 SOR 1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR

10 PSV 125. 000 160.000 02,000 68.000 $6.000 $0.000 43.500 44.000 43,300 !
20 FSv 1335.000 110.000 92. 000 78.000 66.000 60.000 33.300 $4.000 33.3500
30 FS¥ 143. 006 120. 000 102. 000 86.000 76.008 70.0800 63.3500 64.000 63.300
40 FSV 188,000 130.000 112,000 90.000 86.000 90.000 73.3500 74,000 73.300
30 FSY 163. 000 140.000 132.000 108,000 96.000 90.000 935.300 84.000 83.300
60 FSW 173. 000 186,000 132. 000 118,000 106,000 100.000 98.500 94,000 93.800
70 FSY 16S.000 166. 000 142. 000 128.000 116.000 110.000 10S.300 104.000 103.500
80 FS¥ 195.000 170.000 1892. 000 138. 000 126.000 120. 000 115.500 114,000 113.500
90 FS¥  20S.000 160.000 162. 000 148. 000 136.000 130.000 125.500 124.000 123.500
100 FS¥  213.000 190.000 172.000 1598. 000 146.000 140,000 1335.300 134.000 133.500
110 FS¥  22S5.000 20¢.000 182, 000 168.000 196.000 150.000 145,500 t44.000 143.300
120 FSU  233.000 210.000 192.000 179.000 166.000 160.000 1935.300 154.000 133.300
130 FSU 248.000 220.000 202.000 198.000 176.000 170.000 163.300 164.000 163.300
140 FS¥ 28S.000 230.080 212.000 198, 000 186.000 180.000 175.300 174.000 173.500
1350 FSU  2635.000 240.000 222.000 208.0600 196.000 190.000 193.8500 184,000 183.300
160 FS¥ 2735.008 250.000 232.000 219.000 206.000 200.000 195.500 194,000 193.300
170 FS¥U  2635.000 260.000 242.000 220.000 216.000 210.000 203.500 204.000 203.500
180 FSU 295,000 270.000 252.000 238.000 226.000 220.000 2135.3500 214.000 213.300
190 FSU  305.000 200.000 262.000 240.008 236.000 230.000 225.3500 224.000 223.300
200 FS¥  313.000 290.000 272.000 238.000 246.000 240.000 233.3500 234.000 233.300
210 FSU  323.000 300.000 202.000 268.000 256.000 250.000 248.500 244.000 243.300
220 FS¥  333.000 310.000 292.000 279.000 266.000 260.000 25T.300 254.000 233.500
230 FSY  345.000 320.000 302.000 208.000 276.000 270.000 263.500 264.000 263.500
240 FSY  33%5.000 330.000 312.000 290.000 286.000 200.000 27S.3500 274.000 273.500
230 FSU  365.000 340.000 322.000 308.000 296.000 290.000 203.300 284.000 203.500
260 FSW  375.000 3350.000 332.000 318.000 306.000 300.000 29%.3500 294.000 293.300
270 FS¥  305.000 J360.000 342.000 320.000 316.000 310,000 305.500 304.000 363.300
280 FS¥  39S5.000 370.000 332.000 338.000 326.000 320.000 315.500 314.000 313.300
290 FS¥  405.000 360.000 362.000 346.000 336.000 330.000 325.500 324.000 323.300
300 FSU 415,000 390.000 372.000 358.000 346.000 340.000 338.3500 334.000 333.3500

et e e e S e e




TABLE OF mAXINUM PERNISSIOLE TISSUE TENSIONS

CHVAL 06~ HELIUM

TISSUE HALF-TINES

b

OEPTH S nIN 10 NIN 20 NIN 40 MIN 80 NMIN 120 MIN 160 MIN 200 MIN 240 NIN

1.60 SOR  1.00 SOR 1.00 SOR 1.0 SOR 1.0 SDR 1.00 SOR  1.00 SOR 1.00 SOR 1.00 SDR

10 FSy 120. 000 98.000 80.000 68.000 S6.000 $0.000 43.300 44,000 43.3500

20 FS¥ 1360. 900 108.080 96.000 . 78.000 66.000 60.000 335.500 S4.000 $3.300

Jo Fsv 14¢.000 118.000 108.6000 86.000 76.000 70.000 6S5.50¢0 64,000 63.500

40 Fsy 156.000 128.000 110,000 96.000 86.000 80.000 ?%5.500 74.000 73.S00

So Fsv 160.000 138. 6000 126. 000 108.000 96.000 90.000 85.300 94.000 83.%00

60 Fsv 170.000 148.000 136.000 118. 000 106.000 100.000 9%.300 94,9000 93.300

70 Fs¥ 180.000 138.000 149.000 128.000 116.000 110.000 105.300 104,000 103.500

80 FSu 196, 000 168.000 136. 000 136. 000 126.000 120. 000 113.500 114,000 113.300

90 FS¥ 200.000 176.080 160,000 148,000 136.000 130. 000 125.300 124,000 123.800

100 FSU  210.000 186. 000 170,000 138,000 146.000 140.000 1335.500 134.000 133.3%00
119 FSV  220.000 198.000 190,000 168. 000 136.000 130. 000 145.3500 144,000 143.500
1286 FSV  230.000 208.000 190,000 178. 000 166.000 160.000 1395.300 154,000 183.500
130 FSU  240.000 218.000 20¢.08¢ 166. 660 176.000 170,000 16S5.3500 164.000 163.300
140 FSU  230.000 220.000 210.000 198. 000 186.000 180. 000 175.%500 174,000 173.5090
190 FSU  260.000 236.006 220.008 2¢8.000 196.000 190. 000 198.500 184.000 183.3400
160 FS¥  270.000 244.008 230.000 219.000 206.000 200.000 195.500 194,000 193.500
170 FS¥  280.000 29¢.000 244,000 228.000 216.000 210.000 205.500 204.000 203.3%00
180 FS¥  290.000 269.000 230,000 238.000 226.000 220.000 215.500 214.000 213,800
190 FSU  300.000 276.000 260.000 248.000 236.000 230.000 225.%500 224,000 223.%00
200 FSV  310.000 298.000 278.000 258.600 246.000 240.900 235.500 234,000 233.300
210 FSU  320.000 299.000 260.000 268.000 236,000 250.000 245.500 244.900 243.500
220 FSU  330.000 308.088 290.000 276.00¢ 266.000 260.000 253.500 2%¢.000 2S3.%00
230 FS¥  340.000 318.000 300.000 288.000 276.000 270.000 26%.500 264,000 262.500
240 FS¥  330.000 326.060 310.000 296.006 206.000 200.000 275.300 274.000 273.500
230 FSU  360.000 338.000 320.000 308.000 296.000 290.000 205.500 264.000 283.800
260 FS¥  370.000 348.000 330.000 318.006 306.000 300.000 295.500 294.000 293.300
270 FSU  390.006 I38.000 340.000 328.000  316.900 310.000 30%.3500 304.000 303.300
200 FSU  390.000 368.008 390.000 336.006¢ 326.000 320.000 315.500 314,000 313.300
290 FSU  400.000 379.000 360.000 348.000 336.200  330.000 32%.500 324.000 323.S00
360 FSU  410.000 386.000 370.000 338,060 346.000 340, .00 335.3500 334,000 333.300
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TABLE OF MAXINUN PERNISSIOLE TISSUE TENSIONS

CHVAL 07~ MELIUN

TISSUE NALF-TINES

b

OEPTH 3 NIN 10 NIN 20 NIN 40 NIN 8¢ RIN 126 NIN 160 MIN 200 NIN 240 MNIN

1.00 SOR 1.60 SOR 1.40 SDR 1.80 SOR 1.00 SOR 1.00 SOR 1.80 SDR 1.00 SDR 1.00 SDR

10 FS¥ 120.600 98.000 80.000 60.000 36.000 30. 000 49.000 40.000 47.000

20 FSy 132.000 110.000 92.080 00. 000 68.000 61.000 60.000 $9.000

30 FSV 144.000 122. 000 104.000 92.000 00.008 73.000 72.000 71.0600

40 FSV 136. 000 134. 000 116.000 104. 000 92.000 €S.4000 64,800 63.000

S0 FSY 168.000 146. 000 120.000 116.000 104.000 97.000 96.000 9S5.000

60 FSV 160.0400 198,000 148.000 126. 0090 116.000 110.000 109.000 108.000 107.000

70 FS¥ 192.000 170.000 132. 000 140.000 120. 000 122.000 121.000 120.000 119.000

80 FS¥  204.000 192,000 164.000 152.000 140.000 134.000 133.000 132.000 131.000

90 FSW 216.000 194,000 176.000 164.000 152.000 146. 000 14%5.000 144.000 143.000

100 FSU 228.000 206.000 1688.000 176.000 164.000 138.000 187.000 196.000 185.000
110 FS¥ 240.000 218.000 200.000 148, 400 176.000 170.000 169.000 168. 000 167.000
120 FSU  232.000 236.000 212.000 200.000 160.000 192.000 181.000 180.000 179.000
130 FS¥  264.000 242.006 224.008 212.000 200.000 194.000 193.000 192.000 191.000
140 FSU 276.000 234.000 236.000 224.000 212.000 206.0006 205.000 204.000 203.000
150 FSU 296.000 266.000 240.000 236.000 224.000 218.000 217.000 216.000 218.000
160 FSU  306.000 276.000 260.000 248.000 236.000 230.000 229.000 226.008 227.00¢
170 FSU  312.000 290.000 272.000 260.000 248.000 242.000 241.000 240.000 239.000
180 FSWU  324.000 302.000 284.000 272.000 260.000 235¢.000 2%53.000 232.000 251.000
190 FSU  336.000 314.000 296.000 204.000 272.000 266.000 2635.000 264.000 263.000
200 FSU  340.000 326.000 308.900 296.000 294.000 278.000 277.000 276.000 273.000
210 FSW  360.000 338.000 320.000 308.000 296.000 290.000 269.000 2068.000 207.000
220 FS¥  372.000 330.000 332.000 320.000 308.000 302.000 301.000 300.000 299.000
230 FSU  384.000 362.000 344.000 332.000 320.000 J14.000 313.0086 312.660 311.000
240 FSU 396.000 374.000 356.000 344.000 332.000 336.000 323.000 324.000 323.000
250 FSU  408.000 306.000 368.00¢ 3T6.400 344.000 338.000 I37.000 336.000 3I3%.000
260 FSW 420,000 390.000 380.000 368.000 356.000 3%0.000 349.000 349.900 347.000
270 FS¥  432.000 410.000 392.000 390.000 368.000 362.000 361.000 360.000 3I39.000
280 FSU  444.000 €22.000 404.000 392.000 300.000 374.000 373.000 322.000 3I71.000
290 FSU  436.000 434.000 416.000 404.000 392.000 386.000 383.000 384.000 303.000
300 FSU  468.000 446.000 420.000 416.000 404.000 398.000 397.000 396.000 39S.000




TABLE OF MAXINUM PERNISSIOLE TISSUE TENSIONS
CHVAL 09~ MELIUM )

TISSUE NALF-TINES

OEPTH 3 RIN 16 NIN 20 NIN 46 NIN 80 NIN 120 MIN 168 NIN 200 MIN 240 NIN
1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR 1.80 SOR 1.00 SOR 1.00 SOR

10 FSU  120.000 98.000 08. 000 68.000 36.000 49.000 47.300 47.000 46.000
20 FSV  132.600 110,000 92. 000 80.000 68. 000 60.000 $9.300 99.000 $8.000
30 FSN  144.000 122.000 104.000 92.000 80. 000 72.000 71.500 71.6000 70.000 {
40 FSU 136.000 134.000 116.000 1084.000 92.000 04.000 63.360 83.000 $2.800 é

7
i
i SO FSu  148.808 146.000 120.000 116.900 104.000 96.000 95.500 95.000 94.800 %
{ 60 FSY 180.008 196.000 140.000 130.000 116.000 160.000 107,300 107.000 106.800 ’
i 70 FSV 182.000 146.000 120.000 120.000 119.300 119.000 118.800
i 00 FSY 164.000 1352.000 140, 000 132.000 131.500 131.000 130.800
4 90 FSY 176.000 164,000 192.000 144.000 143.500 143.000 142.000
3 100 FS¥ 188.000 176.000 164, 000 196. 008 188.300 155.000 154.800
! 110 FS¥ 200,000 108.000 176.000 160.000 167.3500 167.000 166.800
! 120 FS¥ 212.000 200.000 166.000 100.000 179.300 179.000 176.000
i 130 FS¥ 224.000 212.0006 200.000 192.000 191.3500 191.000 190.800
140 FSV 236.000 224.000 212.000 204.000 203.300 203.000 202.800
i 150 FSy 240.000 236.000¢ 224.080 216.000 215.3500 215.000 214.800
! 160 FSV 260,000 246.008 23€.000 220.000 227.300 227.000 226.800
! 170 FSV 272.000 260.000 248.000 240.000 239.3500 239.000 230.800
3 160 FSY 204.000 272.000 260.000 232.000 231.500 231.000 230.800
190 FSY 296.000 204.000 272.008 264.000 263.500 263.000 262.800
200 FSy 308.006 296.000 284.000 276.000 275.300 273.000 274.800
210 FOV 326.000 308.000 296.000 200.000 207.500 287.000 266.800
220 FSY J32.000 320.000 308.000 300.000 299.500 299.000 299.000

230 FSU 304.008 J362.000 344.000 332.0086 320.000 312.000 311.3500 311.000 310.800
200 FSU  J396.000 374.008 T36.000 344.000 332.000 324.000 323.500 323.000 322.800

230 FS¥ 386.000 368.000 3S56.000 344.00¢ 336.000 313.300 335.000 334.800
260 FSV J396.000 300.000 340.000 3IVG.000 346.000 347,300 347.000 346.800
270 FS¥ 410,000 392.000 J00.000 358.000 360.000 3399.300 359.000 3I90.800 {
280 FSY 422.000 404.000 392.000 300.000 372.000 371.3500 3I71.000 3I70.800 b
290 FSy 434.000 416.000 404.000 392.000 304.000 363.300 363.000 362.800 §
300 FS¥ 446.000 428.000 416.000 404.000 396.000 395.300 395.0080 394.800 H

-,
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TABLE OF MAXINUN PERMISSIBLE TISSUE TENSIONS
CHVYAL 11— HELIUN )

pr=rege

TISSUE MHALF-TINES

DEPTH S NIN 10 NIN 20 NIN 40 NIN 80 NIN 120 RKIN
1.00 SOR 91 SOR 83 SOR 83 SDR 83 SOR 83 SDR

10 FS¥  120.000 98.000 $2.000 68. 000 36.000 S0.000
20 FS¥  132.000 110.000 94.000 80.000 68.000 62.000
30 FSU  144.000 122.000 106.000 92.000 80,000 74,000
40 FSU 136.000 134.000 1168.000 104.000 92.4000 86.000
SO FSU  168.000 146.000 (30.000 116.000 104.000 98. 000
60 FSY 100.000 158.000 142.000 128.000 116.000 110.000
70 FSW  192.000 170.000 1S4.000 140.000 128.000 122.000
00 FSU 204.000 1082.000 166.000 152.000 t46.000 134.000
90 FS¥W 216.000 194.000 176.060 164.000 182.000 146.000 .
108 FSU 228.000 206.000 190.000 176.000 164.000 138.000 t
110 FSU  240.008 210.000 302.600 168.000 176.0600 17¢.600
120 FSW  292.000 230.000 214.0800 200.000 196.000 182.000
130 FSU  264.000 242.000 226.000 212.000 200.000 194.000
140 FSU 276.000 254.000 236.000 224.000 212.600 206.000
1S0 FSU  208.000 266.000 290.080 236.000 224.0080 218.000
160 FSU  300.000 276.000 2¢2.008 248.000 236.000 230.000
170 FSU 312,000 290.000 274.000 260.000 248.000 242.000
100 FSU  324.000 302.000 206.000 272.000 260.000 2354.000
190 FS¥ 336.000 314.000 296.000 204.000 272.080 23¢6.000
200 FSU  348.000 326.008 310.000 296.00¢8 204.000 278.000
210 FSU  360.000 336.000 322.080 306.000 296.600 290.0¢0
220 FSN  372.000 330.000 334.000 320.000 108.000 3J62.000
230 FSU  304.000 362.000 346.000 332.000° 320.00¢ 3J14.000 .
240 FSU  J396.000 3I74.000 IU6.000 . 344.00¢ I32.000 J26.000 !
230 FSY  408.000 J86.000 370.000 '336.000 344.000
260 FSU  420.000 398.000 J02.080 360.0080 336.000

270 FS4  432.4900 394.000 30¢.0080 368.000
200 FSU  444.000 406.000 J392.008 304.000
290 FSU  436.000 418.000 404.000 392.000

300 FSU  468.000 446.000 438.000 416.000  404.000

S 1 o S s
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TABLE OF MAXINUN PERNISSIBLE TISSUE TENSIONS
CHVAL 12~ HELIUM b}

PO NSy A

TISSUE HALF-TINES

oEPTH S NIN 16 NIN 20 NIN 40 NIN 80 RIN 120 MIN
.63 SOR 66 SDR .71 SOR .83 SOR 83 SOR .83 SDR

10 FSU 120,008
20 FSU  132.000
30 FSU  144.000
40 FS¥ 196.000
30 FSu 168.000
60 FSU  1960.000
70 FSY 192.000
66 FSU 204.00¢
9 FSU 216.000
106 F348  228.000
110 FSU  240.000
120 FSU  232.000
130 FS¥  264.000
148 FS¥ 276.000
150 FSU  200.080

68.000  S6.000  50.000 !
90.000  68.000  62.000
92.000 ©0.000 74,000
104.000  92.000  86.000
116.000 104.000  99.000
126.006 116.000 110.000
149.000 128.000 122,000
152.000 140.000 134.000
164.000 152.000 146.000
176.000 164.000 158.000
188.000 176.000 170,000
200.000 196.000 182,000
212.000 200.086 194,000
224.000 212.000 206.000
236.080 224.000 218.000
160 FSU  360.000 248.008 236.000 230.000
176 FSW  312.000 260.008 248.000 242.800
1860 FSU  324.000 302.008 206.000 272.000 260,000 254,000
190 FSU  336.000 314.000 299.080 284.080 272.000 266,000
200 FSU  348.000 326.000 310.000 296.000 204.000 278,000
210 FSU  360.000 336.008 322.000 308.000 296.800  290.000
220 FSU  372.000 350.008 334.000 320.60¢ 308.000 302,080
230 FSU  384.000 362.000 346.060 332.680 320.800 314.000
240 FSU  396.000 374.000 398.080 344.000 332.000  326.000
250 FSU  408.000 396.000 396.900 344.060 338. 000
260 PSV  420.008  39¢.000 368.008 336.060 350.000
270 PS4 432.000 410,000 o  368.000 362.000
200 FSU  444.000 422,000 392.000 300.000 374.000
290 FSV  456.000 434.000 418.000 404.008 392.000 386,000
308 FSU  468.000 446.000 430.000 416.008 404.000 398,000




TABLE OF NAXINUN PERNISSIOLE TISSUE TENSIONS
CHVAL 13~ HELIUN )

TISSUE MALF-TINES

10 NIN 20 NIN 40 NIN 80 NIN 120 NIN
03 R 71 SDR .03 sbR 03 SR .83 SOR

98.000 2. 000 68.000 56,000 $0.000
116. 6000 9. 000 ¢6.000 68.000 62.0060
1232.000 106.000 92. 000 89. 000 74.000
134.000 118.000 104.000 92.000 €6.000
146.000 130.000 116.600 104.000 96.000
158.000 142.000 1236.9000 116.000 110.000
170.000 1354.000 140.000 120.000 122.000
1802.000 166.000 1352.000 140.000 134.000
194.000 170.000 1464.000 182.000 146.000
206.000 196.000 176.000 164.0006 1358.000 f
216.006 202.000 180.000 176.000 170.000
230.000 214.008 200.000 180.000 192.000
242.0080 .226.000 212.600 200.00¢ 194.0066
234.000 236.008 .224.000 212.0086 206.900
266.000 280.060 236.000 224.000 218.000
276.000 262.000 240.000 236.000 236.000
290.000 274.000 260.000 240.000 242.000
302.000 206.000 272.000 260.000 234.009
314.000 296.000 284.000 272.000 266.000
326.000 310.008 296.000 204.000 278.000
336.008 332.000 308.000 29¢.000 290.000
396.600 334.000 320.000 368.000 Jo2.000 ’
362.000 346.000 332.000 320.008 314.000 t
374.000 3356.0080 344.00¢ 332.000 326.660
386.000 376.000 31356.000 144.000 338.000
260 FSU 420,000 J390.000 302.000 3668.008 39¢.000 I50.000
270 FSU  432.000 410.000 394.000 360.000 360.0080 3¢2.000
200 FSU  444.000 422.000 406.000 392.000 180.008 3J74.000
QW0 FS¥  456.000 434.000 418.000 404.0080 392.000 396.0800
J00 78¥  460.000 446.000 436.000 416.008 404.000 3I99.000

ilkn

CS~-11




=
R
2w
T
.

7w
i

a

s
L damime
o

i
2 g
1




TABLE OF MAXIMUMN PERMISSIBLE TISSUE TENSIONS

CMVALL - NITROGEN b

TISSUE MALF-TINES

OEPTH S NIN 10 NIN 20 NIN 48 NIN 80 MIN 120 NIN 160 MIN 200 NIN 240 NIN $
1.00 SDR 1.00 SODR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR

10 FSV 91.243 78.731 67.000 53.790 $1.338 49,3533 49.272 40.490 46.926
20 FSM 110.980 96.416 02.613 69.261 63.967 6t.771 61.437 60.513 S8.627 4
30 FSV 131.714¢ 114.663 90.482 82.014 ?76.3%6 73.9¢0 73.398 72.406 70.2399
40 FSY 1352.488 132.683 114,273 96.234 99.023 86.040 95.613 94.331 01.764
S0 FSU 173.132 130.97¢ 129.928 109.3519 101.358 97.901 97.49? 96. 046 93.138
60 FSV 193.617 168.913 145,440 122.673 113.3567 109.798 109.239 107.639 104,394
7?0 FS¥  213.936 186.698 160.814 135.704 125.660 121.302 120.906 119.120 113.340
80 FSU  234.0%  204.339 176.060 146.623 137.647 133.103 132.482 130.3500 126,367
90 FSU  2%54.102 221.848 191.186 161.439 149.337 144,611 143.903 141 .708 137 .354S
100 FSUW  273.969 239.22% 206.203 174.160 161,339 196.032 183.271 1S92.991 149,420
110 FS¥  293.703 296.489 221.119 186.794 173.039 167.373 166 .3%9 164.116 199.219
120 FSW  313.318 273.643 233.937 199.346 184.702 178.642 177.773 175,168 169.948
130 FS¥  332.811 290.698 230.668 211.822 196.277 189.841 188.919 186.1354 180.611
140 FS¥  392.199 307.636 2638.317 224.228 207.785 200,977 200. 002 197.077 191.214
130 FSV 371.488 324,323 279.8807  236.367 219.231 212.03¢ 211.023 207.941 201.760
160 FS¥ 390.673 341.310 294,388 248.844 230.619 223.074 221.993 218.7%3¢ 212.292
170 FSU  409.774 356.014 308.9013 261.062 241,932 234, 041 232.907 229.308 222.693
1860 FSU  428.787 374.643 323.178 273.224 253.234 244.957 243.772 240.218 233,087
190 FSU  447.719  39t.201 337.473 283.334 264.466 23T.827 234.389 250.376 243,433
200 FSU  466.972 407.690 331.717 297.393 273.632 266.631 263.361 261.493 253,741
210 FS¥ 485,331 424.114 363.901 309.404 206.793 277.432 276.090 272.068 264,003
220 FS¥  504.039 440.476¢ 380.032 321.369 - 297.892 208.171 286.779 282.602 274.230
230 FSU  522.700 456.778 394.112 333.291 308.950 298.372 297.428 293.097 284.417
240 FSW  S41,275 473.023 408.142 348.171 319.969 309.333 308.040 303.336 294,369
230 FSU  $39.787 489.213 422.124 387.010 330.930 320.161 318.613 313.979 304.606
260 FS¥ 378.240 303.33! 436.061 368.811 341.896 330.733 329.186 324.368 314.770
270 FSW  596.634 3521.430 449,934 360.5?3  352.807 340,311 339.664 334.724 324 .9822 {
280 FS¥U 614.973 S37.473 463.808 392.303 363.663 331.838 330.140 343,049 334 .04%
290 FS¥  633.237 353.466 477.613 403.996 374.331 362.332 360.38S 383.343 344,236
300 FSU  6351.490 S69.419 491.398 413.633 388.346 372.799 371.000 365.607 39%.799
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TABLE OF MAXINUM PERMISSIBLE TISSUE TENSIONS

CHVAL2 - NITROGEN )

TISSUE HALF-TINES

DEPTH 3 NIN 10 NIN 20 NIN 40 MIN 80 MIN 120 NIN 160 MIN 200 NIN 240 MIN 1
1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR .00 SOR 1.00 SOR 1.00 SOR

10 FSu 86.031 74,821 64.393 $S.790 30. 0%+ 48.229 47.969 47.197 43.623
20 FSy 104.934 91.631 79.326 69.281 62,399 60.200 59.886 $68.942 $7.0352
30 FS¥ 124.634 109.292 94,837 02.814 74,708 72.118 71.74% 70.63i 668.400
40 FS¥ 144,348 126.709 110, 10¢ 96.234 86.893 €3.903 93.477 82.192 79.619
30 FSu 163.938 143.993 125,209 109.9519 99.946 95.361 95.078 93.624 90.710
60 FSu 193.363 161.128 140.17? 132.673 110,878 107,098 106.339 104.936 101.603
70 FS¥  202.630 178,111 195,010 133.704 122.690 118.3523 117.928 116.138 112,549
80 FSW  221.744 194,958 169.718 146.623 134,402 129,848 129.190 127.241 123.319
90 FS¥  240.713  211.67S 184,311 161.439 146,019 141,080 140.376 138.2354 134.000
100 FSW  239.348  226.271 190.797 174,160 187,349 132.229 151.469 149.184 144,601
110 PS¥W  278.238 244.756 213.104 186.794 168, 99¢ 163.299 162.486 160.037 153,120
120 FSW  296.830 261.137 227.400 199,346 180, 374 174,298 173,431 170.820 163,386
130 FSU  318.332 277.420 241.690 211.822 191,681 188.230 184,309 181.337 1?3, 961
140 FS¥  333.712 293.612 235.820 .224.226 202.923 196.100 195.126 192.194 186.316
1350 FSU  331.998 309.719 269.975 236.367 214.103 206.911 205.884 202.793 196.3596
160 FSU  370.186 323.744 263.839 248.844 22T,230¢ 217.667 216.568 213.336 206.623
170 FSU 300.292 341.694¢ 297.777 261.062 236,302 220.372 227.240 223,832 217.00t ;
180 FSU  406.316 337.971 311,631 273,224 247.323 239.027 237.843 234.278 227.132 b
190 FSU  424.262 373.30C 333.428 305.334 290.296 249.636 248.400 244.679 237.219 b
200 FSU 442,134 389.124 ~ 339,162 297.393 269.223 260.20% 298.913 29T.036 247.264
210 FSU  459.935 404.008 352.044 309.404 260,107 270.724 269.384¢ 263.352 257.269
220 FSU  477.670 420.427 366.475 321.369 290.950 281.206 279.816 275.629 267.236
230 FS¥  49S5.340 433,991 380.0335  333.291 301.7%2  291.6351 290.209 285.868 277.166
240 FS¥ S12.948 4S51.35062 393.369% 343.171 312.517 302.0898 300.365 296.07C¢ 287.061 )
2350 FSU 530.496 466.960 407.076 337.010 322.245 312.430 310.886 306.239 296.923 I
260 FSU  S47.9680 4682.367 420.319 368.611 333.938 322.768 321.174 316.374  306.732 .

270 F34  5835.423 497.727 433.920 380.373 344.397 333.074 331.429 326.477 316.530 |

280 FSU $82.808 S13.03% 447,280 392.303 358.224 343.348 341.633 336.949 326.310 =
290 FSU  600.141 $20.307 460.601 403.996 36%.919 333.391 331,846  346.391 336.0%8 i

300 FSU 617.424  3943.331 473.884 413,633 376.304 363.906 J62.010 336.603 343.769
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TASLE OF MAXINUM PERMISSIBLE TISSUE TEY-A10NS

CMVAL3 -~ NITROGEN )

TISSUE HALF-TINES

OEPTH S nIN 10 NIN 20 NIN 48 NIN 90 NIN 120 MIN 160 RIN 200 MIN 240 NIN
1.00 SDR 1.00 SOR 1.00 SDR 1.00 SOR 1.00 SOR 1.00 SODR 1.00 SOR 1.00 SOR 1.00 SDR

16 FSV $0.91?7 ?0.910 61.706 $3.103 49,731 46 . 926 46 .66S 43.003 44.319
20 FSU 98.033 7.230 76.431 66.138 60.829 38.627 58.312 $7.366 $35.473
30 FSY 117.3520 103.899 91.221 79.13? 72.8%7 70.299 69.087 68.772 66.536
40 FSV 136.170 120.30S 10S.916 91.998 84.739 91.764 91.334 80.047 77 .468
S0 FSY 154.689 136.97¢ 120.474 104,723 96.33¢0 93.138 92.6352 91.198 88.274
60 FSV 173.033 153.300 134.993 117.324 108.1?9 104,394 103,931 102.224 98.964
70 FS¥ 191.263 169.482 149.183 129.903 119.716 1135.940 114.941 113.147 109.3549
90 FS¥  209.32¢ 183,330 163.333 142.176 131.132 126 .987 125.933 123.972 120.040
90 FSY  227.232 201.434 177.410 194,449 142,493 137.343 136.836 134.708 130.445
100 FSU  2435.049 217.263 191,364 166.630 133.732 148.420 147.656 145,364 140.77%
110 FS¥  262.727 232.96¢¢  20S.222 170.727 164.931 159.219 158.400 1935.94S 131,024
120 FSW  200.294 248.367 218.992 190.746 176.038 169.948 169,073 166 .458 161.211
130 FSU 297.788 264.07¢ 232.679 202.692 187.077 190.611 179.683 176.906 171.336
140 FS¥  31S5.123 279.498 246.209 214.3570 196. 034 191.214 190.234 187.293 181.402
150 FS¥ 332.397 294.836 2359.827 226.383 200.971 201.760 200.72¢ 197.627 191,418
160 FSU  349.3583 310.102 273.29¢ 236.140 219.933 212.2352 211.166 207.907 201.376
170 FS¥  366.69%1 328.292 206.70¢ 249.836 230.643 222.693 221.384 218.138 211.289
180 FS¥U  383.720 340.414  300.044 261.463 241.403 233.007 231.99% 229.322 221.137
190 FSU  400.673 3535.470 3J13.330 273.078 292.116 243.433 242,191 238.461 230.982
200 FS¥  417.361 J70.464  326.36! 204 . 624 262.705 233,741 2392.443  248.538 240.766
210 PS¥  434.380 30S5.399 339.739 296.124 273.411 264.003 262.6S7 258.614 236.311
220 FSU  451.135 400.277 332.867 J307.38" 203.997 274.230 272.830 268.633 260.218
230 FS¥U  467.029 413.101 363.948 310.995  294.343 204.417 202.966 279.614 269.090
240 FSU  404.46¢ 429.873 378.902 330.369 303.033 294.369 293.067 2688.36! 279.328
230 FSU  S01.044 444.593 391,972 341.708 315.927 J04.606 303.133 296.473 289.133 f
260 FS¥U S17.370 499.269 404.920 3393.004 323.967 314.770 I13.166 308.3%3 298.707 :
270 FSW  S34.043 473.897 417,027 364.267 336.374 324.022 323.167 318.202 308.230
280 FS¥U  330.467 4808. 481 430,695 375.493 346.749 33¢.844 333.138 328.02t 317.764 .
290 FSV  3966.842 9503.021 443.3523 386.691 337.093 344.836 343.079 337.011 J27.230
300 PS4 S83.171 $17.520 496.310 397.054 367.408 3I34.799 332.992 J47.573 336.709
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TABLE OF mAXInum PERMISSIBLE TISSUE TENSIONS

CMVALS -~ NITROGEN

TISSUE HALF-TIMES

)

DEPTH S NIN 10 NIN 20 NIN 40 NIN 80 MIN 120 MIN 160 MIN 200 AMIN 240 NIN

1.00 SOR .00 SDR 1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SOR
10 FSu $0.000 S0.800 30.000 $30.000 $50.000 $0.000 S$0.000 $0.000 $0.000
20 FSu 62.463 62,463 62.463 62.463 62.463 62.463 62.463 62.463 62.463
30 FSu ?74.980 74.980 74.968 74,988 74.9688 74.9880 74.96889 74 .968 74.988
40 FSM 87 .3543 87.343 87.343 97.3543 97.543 87.343 87.3543 87.943 87.543
30 F3y 100.108 100.108 106.108 100.109 180.103 100.103 100.108 100.10S 100.108
60 FSV 112,633 112.633 112,653 112.6353 112.63S 112.638% 112.63%5 112.63% 112,653
?0 FS¥ 1235.180 128,190 125.19¢ 12S.180 125,180 125.190 123.180 125.180 125.180
80 FSu 137.669 137.669 137.669 137.669 137.669 137.669 137.669 137.669 137.669
90 FSW 150.11? 1850.11? 150.117 156.117 150.11? 130,112 150. 11?7 180.117 150.117
100 FSu 196.093 136.9893 1396.9093 196.893 156,893 156.893 156.89% 156 .99% 156.893
119 FSY 167 .243 167 . 243 167.243 167,243 167.24% 167 .243 167.243 167.24% 167.243
120 FSU 122.393 177.393 177.598 177.993 177.398 177.39% 177.3938 177.99% 177.993
130 FS4 187 .943 107 .948 197 .948 187 . 943 197 .943 187.948 187 .948 197.943 187 .943
140 FSU 198,298 198.2°% 198.293 198.293 198.293 198.293 198.29% 198.29% 196.293
130 FSV 209.643 209.64% 208. 648 200.64% 209.64S 208,645 208.643 208.643 208 .64S
160 FSU  218.993 210.993 210.998 218.993 218,993 218,993 218,993 218.993 218.993
170 FS4 229.343 229.34% 229.343 229.343 229.343 229.343 229 .343 229.34% 229.343
180 FSW  239.698 239.693 239.698 239.693 239.693% 239.693 239.69% 239.695 239.693
190 FS¥  230.043 230. 043 230. 048 250. 043 2350. 043 250.043  230.04S 250.043 250. 043
200 FSu 260.393 260.393 260.393 260.393 260.393 260.393 260.393 260.393 260.39%
210 FSU  270.743 270.74% 270.743 270.7493 270.743 270.74S 270.745  270.743 270.74S
220 FSY 281.09% 201,093 201.993 281,098 281. 093 281,095 281.09S 261 .09% 281,093
240 FSu 291 .449% 291 . 448 291,443 291 .443 291 .44S 291.448 291 .443 291 .4435 291 .443
240 FS¥  301.798 301.793 301.798 301.79% 301.79% 301.793 301.79% 301.79% 301.795
230 FSy 312. 148 312. 143 312.143 312.143 312.143 312,143 312.143 312.148 312.148
260 FSY 322.498  322.49% 322.493 322.499 322.493 322.498 322.49% 322.49% 322.49%
270 FSu 332.843  332.84% 332.04% 332.848 332.343 332.843 332.9483 332.9848 332.048
200 FS¥ 343.193  343.19% 343.193 343.19% 343, 19% 343.19% 343.19% 343.19% 342.19%
290 FSy 333.343 333.543 393.343 333.3943 353.343 333.548% 383.348 333.348 333,343
300 FS4  363.893  363.098 363.893 363.093 363.993 363.893 363.993 363.99% 363.89%
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TABLE OF MAXIMUM PERMISSIBLE TISSUE TENSIONS

CHVALB3- NITROGEN )

DEPTH S MIN 10 NIN 20 nIN 40 NIN 80 NIN 120 WIN 160 NIN 200 MIN 2490 WIN )
1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SODR 1.00 SDR

19 FS¥ 103.000 93.000 71.000 $7.000 46.740 46.740 46.740 46.740 46.740

20 FS¥ 104.933 95.850 73.000 61.480 61.480 61.460 61.480 61.480 61.480
30 FSw 106,860 86.700 74.988 74.998 74.9688 74,988 74.908 74.998 74.966
40 FSV 108.790 87.543 87.543 97.343 97.343 §7.3543 87.543 87.843 87.3943
S0 FS¥ 110.720 100.103 100,103 100.10S 100.108 100.108 100.10S 100.10S 100.103
60 FSY 112,653 112,633 112.633 112.633 112.638 112.63S 112,688 112.633 112.633
70 ESV 125,180 123.19¢ 129.180 1235.180 1238.180 135.1680 1235.180 123.180 123.180
a0 FSy 137.669 137.669 137.669 137.669 137.669 137.669 137.669 137.669 137.669
90 FSVY 130,117 150.117 196. 117 1850.117 150.117 156.117 186,112 1350.117 150.117
1060 FSY 1356.99% 156.89S 196.0893 196.9893 196.893 156.89% 1356.993 156 .99S 196.99S
110 FSY 167 .24% 167 .249 167 .248 167 .249 167 .24S 167 .24% 167.248 167 .249 167 .245
120 FS¥ t??2.99% 177.9398 172.99% 177.998 177.3598 177.598 17?7.398 177.%98 177.%98
130 FSU 187,943 187.943 187.943 167.948 187.943 187 .943 187.943 187 .94S 187.943
140 FSY 198.293 198.293 198,295 199.293 196,293 198.29% 198,298 198.298 196.298
150 FS¥  208.643 208.643 209.645 200 .448  200.645 2090.645 208.645 200.648 200.649%
160 FS¥  218.993 210.995 218.99% 21 993 218.998% 218.99%5 218.9935 218.993 219.99S
170 FSW  229.348 229.345 229.348 229.34S5 229.348 229.348  229.34%  229.34S 229.343
190 FS¥  239.695 239.693 2379.693 239.693 239.693% 239.469% 239.698 239.69% 239.69S
190 FSY 230,045 230.043 280.045 250.043 2390.045 230.043 230.043 250.04S 250.04S
200 FS¥U  260.395 260.393 260.393 260.395 260.395 260.39% 260.393 260.395 260.39%
210 FSU  270.745  270.74F 276.743 270.745  270.743 270.743  270.748  270.748  270.743
220 FSVW  281.09S 201,095  201.095 201.093 281.095 261.09% 201.093 281.09% 201.09S
230 FSU  291.445 291 .443  291.443  291.445  291.443  291.443F  291.443 291 .443 291 .44S
240 FSU 301.795 361.793 301.793 301.79S 301.798 301.795 301.79% 301.79S 301.2798
250 FSU  312.145  312.143 312.148  312.943  312.148  312.145  312.148% 312,148 312.148
260 FS¥  322.493 322.493 322.493  322.495 322.49% 322.4935 322.493 322.49% 322.493
270 FSW  332.845  332.843 332,043 332.843  332.84S 332.847  332.948  332.34% 332.94S
280 FSU  343.195  343.195  343.193 343.195 343.195 343.195 343.195 343.19% 343,193 §
290 FSV  332.8543  333.548 333.843 353.545  3I33.845  333.848  3ITT. S48 IS3I.S4S 353.54S
300 FSU  363.095 363.9895 363.093 363.9935 363.995 363.99% 363.999 363.99% 363.893
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TABLE OF MAXINUN PERMISSIOLE TISSUE TENSIONS

CHVAL92- NITROGEN b

TISSUE HALF-TIMES

DEPTRH S mIN 10 NIN 20 NIN 49 NIN 40 NN 120 RIN 160 NIN 200 MIN 240 NIN
1.00 SDR 1.00 SODR 1.00 SOR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SOR

10 FS¥ 103.000 9S.000 71.000 $6.000 46.740 43.000 40.500 40.500 40.300
20 FS¥ 104.933 93.850 73.000 61.4680 $3.000 $1.000 31.000 S$1.000 $1.000
30 FS¥ 106.360 86.700 74.909 74.988 74.988 74.988 74,986 74.908 74.908
40 FS¥ 108.790 87,343 87.343 97.343 97.343 87.3943 87.543 97.3543 97.343
30 FS¥ 110.720 160.103 106.103 160.108 100.103 100.108 100,103 100.108 100.105
60 FSV 112.633 112.633 112.63S 112.633 112.6S3 112.653 112.6353 112,683 112.6353
706 FS 123. 160 129.100 129.180 125. 100 129,190 123%.180 123.180 125.180 128.180
80 FSV 137.669 137.669 137.669 137.669 137.669 137.669 137.669 137.669 137.669
90 FSV 190.11? 190.1127 156.117 156.117 150.112 150.117 150,117 180,117 150.11?7
100 FSV 156.093 156.898 156.895 196.993 136.9935 156 .898 156.89% 196.99% 1356.89S
110 FSY 167.24S 167.24% 167.243 167 .249 167.248 167 .243 167 .24S 167 .248 167.243
120 FSy 177,993 177.998 177.998 177.398 177.99S 177.998 177.393 177.39S 177.9593
130 FSV 197 .943 197,943 107 .943 187.948 107.949 197.943 187.94S 187 .9438 187.94S
140 FS¥ 198.293 196.293 198.293 196.293 199,298 198.29S 1968.293 196.29S 196.295
150 FSU  200.643 208.64S 208.6435 208.645 200.64S5 200.645 200.645 208.645 200.64S
160 FSU  219.993 210.99%  210.993 218.995 216.995 218.995 218.995 218.995 2168.993
170 FSU  229.343 229.345 229.34F 229.345  229.343 229.345 229.345 229.345  229.343
180 FS¥  239.69S 239.693 239.698 239.695 239.695 239.695 239.69% 239.695 239.695
190 FSU  230.045 2350.043 250.043 230.045S 230.043 250.045 250.045 250.045 250.043
200 FSU  260.395 260.398 260.393 260.395 260.395 260.395 260.395 260.395 260.39S
210 FS¥  270.748  270.748  270.743  270.745  270.743 -270.748 270.74S5  270.74S  270.74S
220 FSU  281.093 281.093 201.093 201.095 201.095 201.098 2901.095 201.093 281.09S
230 FS3¥  291.44S  291.44F  291.44F  291.443  291.445  291.445 291.443 291 .443  291.44S ‘
240 FSV  J01.7935 301.793 301.798 301.793 301.793 301.793 301.798 301.793 301.79S ,
230 FSU  312.143 312,143 312.143 312.143 312.14S5  312.145  312.143 312.145 312.14S
260 FSN  322.493 322.493  322.493 322.493  322.498 322.495 322.49% 322.495 322.49%
270 FSU  332.84%  332.948  332.049 332.945  332.945  332.843 332.845 3I32.945 332.34S
200 FSU  343.193 343.195 343.1935 343.195 343.195 343.193 343.195 343.193 343.19%
290 FS¥  353.545 J92.8543 353.343 333.548  3I53.545 333.543 3IVI. 543 ISI. 048  I93.54S
300 FSU  363.893  363.893  363.093  363.995  363.095  363.995 363.093 363.893 363.09S

c1-3




+ gsepire e

TASLE OF MAXINUM PERMISSISLE TISSUE TENSIONS

CMVAL97~- NITROGEN

TISSUE HALF-TINES

b

DEPTH S NIN 10 NIN 20 NIN 40 RIN 90 MIN 120 MIN 160 MIN 200 MIN 240 NIN

1.00 SOR 1,60 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SODR 1.00 SOR
10 FSY 103.000 3. 000 71.000 S$6.000 46.000 46.000 46.000 45.800 438.000
20 FSy 104.933 €5.430 73.060 62.360 61.500 $7.000 5. 000 $52.500 S1.000
30 FS¥ 106.860 86.700 74.909 74,908 74.988 24,988 74.908 74.989 74.908
40 FSV 108.790 $7.343 97.3543 §7.543 87.343 87.343 87.343 87.943 87.543
36 FSy 110.720 100.108 160.103 100.109 100.108 100.103 100.103 100.108 100.108
60 FSY 112.633 112.633 112.633 112.633 112.633 112.683 112.6S% 112,633 112.68S
70 FSy 129.180 125.180 1235.180 123.190 125,180 125.180 128.180 125.18¢ 12%5.160
80 FSY 137.669% 137.669 137.669 137.669 137.669 137.669 137.669% 137.669 137.669
90 FSM 130. 117 150.117 150.117 150.117 180,117 150.117 150.147 150.117 150.117
100 FSY 1356.993 186.893 19¢.989S 196 .99% 156.99S 156.998 156.693 156.89% 156 . 39%
110 FSY 167.249 167.243 167 .243 167 .243 167.243 167 .243 167 .243 167.24S 167.249
120 FSV 177.959% 177.993 177.993 172.999 177,993 177.99% 177.893 177.939S 177.99%
130 FPSY 197.943 187 . 948 167.948 187.948 187,943 197.948 187.948 187.943 187.543
140 F3¥ 198.29% 198.29% 198.298 198.29% 198.298 199.29% 198.293 198.29% 199.29%
150 FSY 208.64S 200.645 208.645 200.643 208.645 208.645 208.645 209.645  208.64S5
160 FS¥ 218.995 218.995 219.99% 219.995  219.99%  219.99%  2198.99%  219.99% 218.99%
170 PSY  229.34%  229.343  229.345  229.345  329.345  229.345  229.3435  229.349 229.34%
190 FSY  239.69% 239.69% 239,695 239.695 339.69% 239.69% 239.695 239.69%5 239.69%
190 FSY 250.04S 250.045 250.045 250.045 250.043 250,045 250.043 230.049 250. 043
200 FS¥U  260.395 260.393 260.398 260.39% 260.39% 260.395 260.393 260.395 260.39%
210 FSU 270.74%  270.74%  270.74%  270.74%  270.74%  270.74%  270.743  270.743  270.743
220 FSY 201,095 281.093 281.095 201.095 201.095 281,093 201.098 281.095 281.09%
230 FSU  291.443  291.44% 291,445 291,443 291,445 291,445  291.445  291.445 291,449
240 FSY  301.795 301.79% 30¢.793 301.793 301.798 301,795 301.793 301.798  301.79%
250 FSU  312.145 312.145  312.143  312.143  312.145  312.145  312.143 312,149 312.143
260 FSU  322.493  322.495 322.495  322.495  322.49% 322,495 322.49% 322.495  322.499
270 FSW  332.84F  332.843 332.843 332.943  332.845 332.843  332.843 332.9348 332.849
200 FSU  343.195  343.195 343,195  343.195  343.195 343,195  343.19%  343.19% 343.19%
290 FSU  333.545 357.354S 397.94S  ISI. 545  IST. 945 353.345  I93.948 333,349 3353.949
300 FSY  363.095  363.893 363.893  363.09% 363.095 363.995 363.8985 363.995  363.09%
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TAGLE OF MAXINUN PERMNISSIBLE TISSUE TENSIONS

CVWWAL 09~ NITROGEM b

TISSUE WALF-TINES

DEPTH S NnIN 10 MIN 20 NIN 40 NIN 00 NIN 120 MIN 160 NIN 200 MIN 240 ANIN
1.00 SOR 1.00 SOR 1.00 SOR 1.00 SDR 1.08 SODR 1.00 SDR 1.00 SOR 1.00 SDR 1.00 SDR

10 FSY 103.000 7. 000 72. 000 36.000 43.300 43.000 44.300 44.000 43.%500
20 Fsy 113.4600 97.00¢ €2. 000 66.000 33.300 $5.000 34.300 S4.000 53.300
3¢ Fsv 123.000 1607.9000 92. 000 76.000 63.300 63.600 64.500 64.000 63.300
40 FSY 133.000 117.080 102.00¢ 96. 000 73.300 75.000 74.3080 74.000 73.800
S0 FSV 143.000 127. 000 112.000 96.000 43.8%00 85.000 94.500 84.000 83.500
60 FSU 153.000 137.000 122.000 186.000 93.300 95.000 94.300 94.000 93.3500
70 FS¥ 163.000 147.080 132.008 116.000 105.35¢60 1035.000 104.500 104,000 193.500 1
80 FSY 123.000 157.000 142.008 126. 000 115.360 115.000 114.500 114.000 113.300
90 FSU  1983.000 167.000 1352.006 136.000 123.500 125.000 124.300 12¢.000 123.500
100 FS¥ 193.000 127.000 162.000 146.000 133.500 135.000 134.300 134.000 133.500
110 FS¥  203.000 187.9060 172. 600 136.600 145,500 143.000 144.300 144.000 143.500
120 FSU  213.000 197,600 182.008 166.008 133,300 19S5.000 154.300 134.000 183.300
130 FS¥  223.000 207.000 192.000 176.000 163.300 16S.000 164.5600 164. 000 163.500
140 FS¥  233.000 217.000 202.000 18¢.000 175.300 17S5.000 174.300 174.000 173.500
190 FSU 243.000 227.000 212.000 196.9000 168.300 18S5.000 194.300 184.000 183.500
160 FS¥  233.000 237.006 222.000 206.000 195,300 195.000 194.3500 194.000 193.3500
170 FSU  263.000 247.000 232.400 216.000 205.300 205.000 204.3500 204.000 203.3500
190 FSU  273.000 257.008 242.000 226.000 215.3500 213.000 214.300 214.000 213.500
190 FS¥U 283.000 267.000 2352.000 236.000 223.300 223.000 224.500 224.000 223.500
200 FS¥ 293.000 277.000 262.000 246.000 235.300 235.000 234.500 234.000 233.3500
210 FS¥  303.000 287.000 272.000 256.000 245.500 245.000 244.500 244.000 243.500
220 FSVU  313.600 297.000 202.000 266.000 25%5.300 23T.000 254.3508 234.000 233.300
230 FS¥  323.000 307.000 292.000 276.000 265.500 265.000 264.300 264.000 263.3500
200 FSW  333.000 317.000 302.060 286.000 27%5.3500 275.000 274.500 274.000 273.360
250 FS¥  343.000 327.000 312.000 296.000 205.500 283.000 204.500 204.000 283.300
260 FS¥  383.000 337.000 322.000 3J06.00¢ 295.300 295.000 294.300 294.000 293.500
270 FS¥  363.000 347.000 332.000 316.00¢ 3035.500 30S5.000 304.500 304.000 303.300
280 FS¥  373.000 J337.000 342.000 326.000 315.500 315.000 314.500 3t4.000 313.500
290 FSM 383.000 367.000 3352.000 336.000 325.300 323.000 324.300 324.000 323.300
300 FS¥  393.000 JI77.000 362.000 346.000 335.300 33T.000 334.300 334.000 333.300
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TABLE OF MAXIMUN PERMISSIOLE TISSUE TENSIONS

(WAL 14~

N1TROGEN

TISSUE HALF-TINES

)

DEPTH 3 MIN 10 NIN 20 NIN 40 NIN 00 NIN 120 RIN 160 NIN 200 NIN 240 NIN
1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SOR 1.00 SOR 1.00 SOR 1.00 SDR 1.00 SOR

10 FSY 120.000 98.000 78.000 $8.000 40.3500 43.500 44.300 44.000 43.500

20 FSy 130.000 188.000 88.000 68.000 $8.500 $5.3500 S4.3500 S4.000 $3.9500

30 FS¥ 140,000 118,000 98.000 78.000 68.300 63.300 64.3500 64.000 63.300

40 FSU 1856.000 126.000 108.000 98.000 . 78.300 73.500 74.300 74.000 73.900

S0 FSW 166.000 138.000 118.000 90. 000 96.300 8S.500 84.300 84.000 63.500

60 FSV 170.000 146.000 128.000 108.000 98.300 93.3500 94.300 94,000 93.500

70 F3¥ 1806.000 198.000 136. 000 119.000 108.300 10S.3500 104.3500 164.000 103.300

80 FSV 190.000 160.000 148,000 120.000 118.300 115.500 114.500 114.000 113.500

90 FS¥  200.000 178.008 136.000 130. 000 136.300 12%.300 124.300 124.000 123.300

100 FS¥  210.000 188. 000 160.000 148.000 138.500 1335.35600 134.500 134.000 133.300
110 FSW  220.000 196.000 178.000 138. 000 148,500 143.300 144.300 144.000 143.500
120 FSU  230.000 208.000 180. 6000 168.000 138.300 198.500 134,300 194.000 183.800
130 FSVU  240.000 218.000 190. 000 178. 080 160.300 163.300 164.300 164.000 163.300
140 FS¥  250.000 228.000 208.000 198.000 178.300 1735.3500 174.300 174.000 173.300
1350 FS¥  260.000 236.008 219.000 199.000 188.300 163.3500 184.500 104.000 103.3500
160 FSU  270.000 248.000 226.066 200.0800 198.300 195.500 194,300 194,000 193.300
170 FS¥  280.000 236.0060 236.000 218.000 208.300 205.300 204.300 204.000 203.300
180 FSU 290.000 266.000 248.000 2230.000 219.500 215.500 214.300 214.000 213.300
190 FS¥  300.000 276.000 236.000 236.000 220.500 223.3500 224.500 224.000 223.300
200 FSU  310.000 280.000 260.000 248.000 236.300 235.500 234.500 234.000 233.500
210 FS¥  320.000 290.000 279.000 256.008 240.300 24T.300 244.3500 244.000 243.300
220 FS¥  330.000 308.000 200.000 268.000 290.500 29TV.300 254.300 234.000 253.S500
230 FSW  340.000 318.000 296.000 270.000 260.300 26S.3500 264.3500 264.00¢ 263.500
240 FS¥  330.000 328.000 300.000 288.000 279.300 279.500 274.300 274.000 273.500
250 FSU  360.000 334.000 319.000 298.000 200.500 265.500 284.500 284.000 203.300
260 FSY 370.000 348.00¢ 326.00¢ 308.000 299.500 293.3500 294.300 294.000 293.500
279 FSU  390.000 356.000 338.000 318.000 308.300 30S.500 304.300 304.000 303.500
200 FS¥ 390.000 368.000 348.600 326.000 319.500 31S5.3500 314.306 314.000 313.39500
290 FSU  400.000 3I78.000 3356.000 338.000 320.500 325.300 324.300 324.000 323.300
300 FSU 410.000 380.000 368.000 348.000 338.500 333.300 334.500 334.000 333.300
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TABLE OF MAXINUM PERMISSIBLE TISSUE TENSIONS

CVVAL 18- NITROGEN b

TISSUE HALF-TINMES

OEPTH . S NIN 18 MIN 20 MIN 40 MIN 80 NIN 120 NIN 160 NIN 200 MIN 240 MIN
1,00 SDR 1.00 SOR 1.00 SOR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SDR 1.00 SOR

10 FSV 120.000 98.000 78.000 36.000 48.500 45,500 44.3500 44,000 43.300

20 FSY 130. 000 108.000 89.000 66.000 38.500 $3.500 34.300 S4.000 $3.500

30 FSu 140.000 118.000 98.000 76.000 668.300 63.3500 64.3500 64.000 63.500

40 FSV 1356.000 120.000 108.000 86.000 78.500 7S5.500 74.500 74,000 73.500

S0 FSV 160.000 138.000 118.000 96.000 96.500 835.500 84.500 94,000 83.500

60 FSV 176.000 148. 000 128.000 106.000 96.300 93.300 94.300 94.000 93.500

70 FSV 160.000 138,000 136,000 116.000 109,300 10S.500 104.3500 104.000 103.300

00 FSV 190.000 169.000 149,000 126.000 119.300 115.500 114.3500 114,000 113.3500

90 FSW  200.000 178.000 158.000 136.000 128.300 125.500 124.3500 124.000 123.500

100 FS¥  210.000 189,000 166.000 146.000 138.300 135.500 134.300 134.000 133.500
110 FS¥  220.000 198.000 178.000 156.000 146.3500 1435.300 144,300 144,000 143.300
120 FS¥  230.000 208.000 190.000 166.000 158.3500 183.300 184,500 134,000 133.3500
130 FSM  240.000 219.000 196.000 176.000 168.500 165.500° 164.3500 164.000 163.300
140 FSU  230.000 220.000 208.000 186.000 178.300 173,300 174.300 174,000 173.500
150 FSU 260.000 230.000 2196.000 196.000 168.500 18S.300 194.300 184.000 183.300
160 FS¥  270.000 248.000 220.000 206.000 196.3500 195.300 194,300 194,000 193.500
170 FSV  200.000 236.000 236.000 216.000 208.300 20S.500 204.500 204.000 203.300
190 FSW  290.000 268.000 249.000 226.000 218.500 215.300 214.500 214.000 213.3500
190 FS¥  300.000 278.000 238.000 236.000 228.300 223.3500 224.500 224.000 223.300
200 FSU  310.000 200.000 260.000 246.000 238.300 235.300 234.300 234.000 233.300
210 FS¥  320.000 2960.000 276.060 236.000 240.500 243.3500 244.300 244.000 243.300
220 FSV  330.000 308.000 280.000 266.000 230.500 253.300 234.3500 234.000 233.300
236 FSU  340.000 316.000 299.000 276.000 268.S00 263.500 264.300 264.000 263.300
240 FSV  330.000 320.000 300.000 206.000 270.500 273.300 27¢.500 274.000 273.%500
250 FS¥ 360.000 338.000 318.000 296.000 286.3500 285.500 284.3500 284.000 203.3500
260 FSU  370.000 340.000 320.000 306.000 290.300 295.500 294.500 294.000 293.300
FS¥U 300.000 330.000 338.000 316.000 308.500 303.500 304.500 304.000 303.300

FS¥ 390.000 368.000 348.000 326.000 319.300 315.300 314.500 314.000 313.%500

290 FS¥  400.000 379.000 336.000 336.006¢ 320.3500 325.500 324.500 324.000 323.300
FSYU 410,000 388.000 368.000 346.000 3II8.500 3IIS.500 334.3500 334.000 333.300
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ANNEX D
SUBROUTINE FMPER
LISTING




&FMPER Y=00004 1S ON CRC0012 USING 00021 BLKS R=9000

0093
0036
0057

code with the error codes listed in file FNPLST and will
display the associated error description on the terainal or
log devtce.

G001 FTN4
0002 ¢
0003 ¢ Name: FMPER
000e C
0003 C Date: 27 July 1978 Operating Systea: HP 21MX RTE IV-0
0006 C Subroutine Size: $33 words
000? C 17 Aug. 1982 Message buffer added
0008 C
0009 C Aythor: Mark Mobley
0010 C Navy Experinental Diving Unit
2011 C Panana City. Florida
0012 C
0013 ¢ Source
0014 C File: OAFNPER
0018 ¢
gotée ¢ Calling
001? ¢ Sequence: <¢IERR, NaNW,LU,NESS)
0018 ¢ 1ERR = FMP error code from calling prograa.
0019 ¢C NAN -~ Name of calling progran.
0020 C Ly - Logical unit no. of taraminal.
Q029 ¢ MESS -~ Message bduffer Cany length)
0022 ¢
0023 ¢ Arguaents’:
0024 C
@028 ¢ 1ASC! ASCII ERROR CODE
0026 C 1BUFF MEMORY BUFFER FOR DISK FIlLE
0027 € 10C8 DISK FILE DATA CONTROL BLOCK
0028 C 1EC BINARY VALUE OF ERROR CODE
0029 ¢ 1ER ERRCR CODE FQR FMPER INPUT FILE
0030 C 1ERR ERROR CODE FROM CALLING PROCRAM
003t ¢ IPERR POSITIVE VALUE OF BINARY ERREO COOE
0032 ¢ ISIGN SIGN VALUE OF SINaARY NUMBER
0033 C LDASH BINARY VALUE FOR DASH AND A NULL
0034 ¢ LEFT LEFT HALF OF AN ASCI! WORD
0038 ¢ LEN ACTUAL NUMER OF WORDS READ
00636 ¢ L DEVICE NUMBER OF TERMINAL
0037 ¢ MESS OPTIONAL MESSAGE BUFFER
0038 C NaM Nai OF CALLING PROGRAR OR SUBROUTINE
0039 C NANE NAME OF FILE CONTAINING ERROR DESCRIPTYIONS
Gos0 C PCERR TERNINAL DISPLAY BUFFER
0041 C RICHMT RIGHT HALF OF ASCII WORD
0042 ¢C SUBER DISPLAY LABEL BUFFER
0043 ¢
0044 C
0043 ¢ RTE 1v-0 Operating System Subroutines required:
0046 C
00e? ¢ CLOSE CLOSES DISK FILE
0048 C CNUMD CONVERTS BINARY NUMBER TO ASCII
0049 C OPEN OPENS DISK FILE
0080 C READF READS DATA FORM DISK FILE INTO MEMORY BUFFER
0051 C REIO URITES DIRECTLY TO TERNINAL BYPASSING FORMATTER
00852 ¢
0083 C
8034 C Nathod: This subroutine cospares the calling prograa‘'s FNP error
c
c
c




0039
0060
0061
0062

0064
0063
0046
0se?
0068
0069
8070
0071
0072
0073
0074
0073
0076
007?
0078
0079
0080
0081
a062
0083
0084
0oes
0086
0ee?7
(11 ]
0039
0090
0091
o892
0093
0094
0893
0096
0097
0096
0699
0100
ot ot
0102
0103
0104
0108
0106
0107
0100
6109
0110
01
0112
o113
1e
6113
0116
0117

OO0

OO0 o000

-000

OO 0000

o000

NOOO

OO0 WHWOOO OO0

Referencas: File FNPLST

SUBROUTINE FMPERC IERR,NAN, LU, NESS)
=,Returns FRP error on FMP Call

INTEGER IBUF(40),IDCIC 144),NANC3I ), NANE(3 ), SUBERC 14 ), PGERRC 1),
. TIASCICI ), RIGHT , NESSC 1)

DATA NARE/NEN,2NPL, 2NST/, LDASH/0264008/,

oPCERR/2HIE,.2MRR, 2H =, 302N ,2H I,2HN , 2HPR, 2NOG, 2HRA,2HN ,Je2H /,
*SUBER/2HSU, 2HBR, 2HOU , 2NTI , 2HNE, 2H F,2HNP , 2HER, 2H ,2NLE, 2HR ,2N= ,

. 24 .20 /
RETURN IF NOQ ERROR <¢>0)

IFCIERR .GE. 0)CO0 TO 90
IFCLU LT, 't XU = ¢

OPEN FNP ERROR DESCRIPTION FILE

CaLL OPENCIDCB, IER,NAME.3.0,12)

IFCIER .LT. 0)GO TO 30
GET ERROR DESCRIPTION RECORD

CALL READFC IDCB, 1ER, IBUF, 40.LEN)

IFCIER .LT. 0)G0 TO 30

CONVERT ASCII NUMBERS TO BINARY UW/0 USING FORMATTER

RIGHT HALF

IEC = IANDCIBUFC(2),003778)
LEFT NALF

ISIGN = IBUFC2) / 28¢

IFCISIGN .LT. 6>G0 TO 2¢

IEC = ISIGN =+ 10 + IEC
RIGHT WALF

ISIGN = 1ANDC IBUFC) ), 003778)

IFCISIGN .LT. 0560 TO 20

IEC = 1SIGN = 100 + IEC
ERROR CODE 18 REALLY NEGATIVE

ISIGN = ~1EC

LOOK AT NEXT RECORD IF FNP ERROR OOES NOT MATCH ERROR NO. ' |

IFCIERR .NE. ISIGN)GO 'TO 10
CONVERT FNP-ERROR NUMBER TO ASCII

IPERR = -IERR
CALL CNUMDC IPERR, InGCI)

INSERT NINUS SICN




or1e
119
0120
8121
0122
0133
012¢
0123
0126
0127
0128
0129
0130
8131
0132
8133
0134
9133
0136
0t3?
0138
013
0140
0te
0142
0143
0144
0143
0146
0147
0148
0149
01350
01S¢
0132
0133
0134
0183
0136
013?
0138
01359
0160
(21 1]
e162
0163
0164
0163
0166
0167

IASCIC2) = JORCLDASH, JANDC 0003778, 1A8C1¢C2)))
C
C LOAD DISPLAY BUFFER VITH ERROR NUMBER ¢ PROGRAM NAME
c

00 408 1#1,3
PGERR( I+ 3> = IASCICI)
.0 PCERRC1+13) = NaN <I)

¢
C DISPLAY FILE BRROR NO. & PROGRAR NANE
c

CaLL REIOC2.LU.PGERR 218D

c
C DETERNINE LENGTH OF MESSAGE BUFFER
c
1 =
Js 0
S0 LEFT = NESS(]) / 236
IFPCLEFY LT, 32 .OR. LEFT .GT. 126>G0 TO 60
Ju Jet
RIGHT = TANDC 3778, NESS< 1))
IPCRIGHT .LT. 32 .0R. RIGHT .GT. 126>G0 TO €0
Ju Jeoit
[« ¢
GO TO S0
IFCJ .GT. O0XCALL REIOC2.LU,.MNESS,~J)

SRANCH IF ERROR ON DESCRIPTION FILE ACCESS ALSO
IFCIER .LT. 0)C0 TO 70
DISPLAY ERROR DE3GCRIPTION

o000 OO0

CALL REIOC2,LU, IBUF <(4),LEN-3)
GO TO o0

DISPLAY ERROR IN ACCESS TO ERROR DESCRIPTION FILE

[ IPERR s =-1ER
CALL CHNUNDC IPERR, IASCI)
IASCIC 2> = I0RCLOASH, IANDC 0003770, IASCIC2)))
SUBERC 13) = IASCIC2)
SUBERC 14> = IASCICI)
CALL REIOC2,LYU,SUBER, 14)

¢
C CLOSE ERROR DESCRIPTION FILE
c

NOOO

80 CALL CLOSE( 10CY, 1ER)
90 RETURN

N0

ENDS

e, e s AL g £






