'h“ﬁmﬁann Memorial Symposium 2019

- g
—

Jde'Decombpression

by Beat A. Mueller, MSc. Mech. Eng. ETH




.'ﬁfmﬂann Memorial Symposium 2019

Table of Contént

A tribute to Prof. Buhlmann
About the Model behind
High Altitude Diving Trials of the Swiss

Army 1969 (- tables of 1973/76)
The "86 Air Diving Tables

Tools and Technical Support behind
Lake Titicaca Trials (1987)

Lago di Lucendro Trials (1984-88)
Muttsee Trials (1988)

Jives at Miount Aenig JO O

Practical Applications and special
Environments

Results and consequences
Appendices




-‘mﬁann Memorial Symposium 2019

—

Appendices

Program and Faculty Members of the

\/ oo LY U
References
Further Publications
The Deep Diving Research Laboratory of
the University Hospital of Zurich (DKL)
Early Deep Diving Trials
Perfusion- and Diffusion based models
The Linear Perfusion Models ZHL-12/16
Parametric NDL calculations today
Parameters for Buhlmann "86 Air Diving
Tables and later developments
Results and consequences (details)

(4 frames)
(4 frames)
(3 frames)

(15 frames)
(6 frames)
(6 frames)
(8 frames)
(6 frames)

(3 frames)
(9 frames)

Barometric Pressure as a function of
Altitude

Seawater Density

Deco Brain Trials

Decompression Problems in Space
About the Author

(2 frames)
(2 frames)
(9 frames)
(6 frames)
(3 frames)




v

ia

VEREIN
HISTORISCHES DRUCKKAMMERLABOR
UNIVERSITATSSPITAL ZURICH (DKL-USZ)

Pressemitteilung

Horgen, 12.01.2017

Biithlmann’s Forschungsdruckkammer vom Untergang
bedroht.

Beschiftigt man sich mit der Anschaffung eines Tauchcomputers, stdsst man praktisch automatisch
auf das .. Biihimann-Modell”. Die Druckkammer, in dem diese Dekompressionsalgorithmen
entwickelt wurden, ist akut von der Verschrottung bedroht.

Ein Grossteil der heute verkauften Tauchcomputer arbeitet mit Dekompressionsalgorithmen, die auf
dem Bithimann-Modell basieren. Prof. Albert Bithlmann verfligte ab 1974 iiber eine
Forschungsdruckkammer am Universititsspital Ziirich (USZ), in der er seine Berechnungen bis auf
Tiefen von iiber S00m tiberpriifen konnte. Der Tauchpionier Hannes Keller, der als erster Mensch
im Freiwasser die 300m Grenze mit Heliox {iberschritt, gab den Anstoss zur tauchmedizinischen
Forschung in der Schweiz. Fiir die Olindustrie war diese Tiefe notwendig um am Rand der
Kontinentalschelfe nach Ol bohren zu kénnen. Deswegen finanzierte sie den Bau des
Druckkammlaboratoriums grosstenteils. Der Aviatik-Ingenieur Benno Schenk konstruierte eine
Druckkammer die aus einem zylindrischen Teil mit Vorkammer und zwei Kugeln bestand, von
denen eine mit Wasser gefullt war, um ,,nasse” Tauchgiinge zu ermiglichen. Sie wurde komplett in
der Schweiz hergestellt und konnte sowohl Druckverhiltnisse herstellen, wie sie in 1000 Meter
Wassertiefe herrschen, als auch solche in 107000 Meter Hohe tiber dem Meeresspiegel, was das
Laboratorium fiir die Erforschung hohenmedizinischer Fragestellungen ebenso nutzbar machte.
Nachdem in diesem Laboratorium und im Freiwasser international bedeutende Erkenntnisse
gewonnen wurden, die teilweise bis heute Giiltigkeit besitzen, fithrten Sparzwiinge am USZ
letztlich dazu, dass die Kammer im Jahr 2005 geschlossen werden musste. Die Druckkammer
existiert zwar noch, ist aber inzwischen nicht mehr betriebsfahig. Im Zuge der umfangreichen
Baumassnahmen am USZ wird das Gebiude in dem sich das ehemalige Labor befindet in einigen
Jahren abgerissen und die eindrucksvollen Reste dieser Experimental-Druckkammer sollen
verschrottet werden. Eine Gruppe aus ehemaligen Mitarbeitern, Probanden der Tieftauchversuche,
Tauchern und Tauchmedizinern versucht die Kammer vor dem Schmelzofen zu bewahren und sie
als Hauptexponat flir eine Museumsabteilung tiber die Dekompressionsforschung ,made in
Switzerland™ zu erhalten. Unter der URL www.druckkammer.ch gibt es weitere Infos inklusive
Fotogalerie und geschichtlichem Uberblick.

Ansprechpartner:

Christian Wolfel
Méttenbergstrasse 6A

3367 Thorigen

T +41 78 849 41 07

F +41 62 916 37 91
christian.woelfel @bluewin.ch
http:/Awww.druckkammer.ch

Sekretariat Verein DKL-USZ - Lerchenweg 9 — CH-2543 Lengnau — www.druckkammer.ch

—

Don‘t let the DKL die,
don‘t leave it to the
cutting torches!
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Questions ?

Due to our tight schedule, please ask me
- during the breaks or the socializing part
of this event.
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A tribute to

= Prof. A.A. Biilhimann
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| s to Prof. Dr. A.A. Biihimann

+% In the person of Prof. Dr. Buehlmann, Switzerland as a
% country with no access to any sea, is lucky enough to
have an expert of worldwide reputation, accepted as a
leading scientist in the field of hyperbaric research
not only by the vaste diving community and scientific
organisations, but alsc by many governmental bodies such
as the US-NAVY, the German Navy and the American NASA,
! The author therefor still feels that the opportunity to
work together with Prof.Buehlmann during more than 5
| years was a unique chance, a lifelong lasting experience
and some kind of undeserved luck.

& Muttsee high
altitude trials,
1988

Statement made at the Diving Officers
Conference of the Irish Underwater Council

CA ) C

V/=YaalaY= 00 BINTa aYys
D , DU D&

...and it still holds true!
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bout the modell behind(1)

1.2 simplified Model used for the System ZH-L16

TE e L Y. et

HER S e L

—

NOTE: - 16 tissue groups (compartments), parallel
to each other

- saturation and desaturation process
described with one differential equation
for each compartment

- each compartment has its characteristic
half-time

- in the ideal model, the saturation and
desaturation process is symmetrical
[(is NOT true in reality)

ZHL-16 is a ,,simple“ perfusion, dissolved phase model
that does not account for diffusion effects and bubble
mechanics...but it works quite well!

- 1. The Haldane Compartment Model

1.1 Blood Flow in various Tissues and Organs
(influence of physical activities)

NOTES: - values for rest: left column
= " " work: right column
- blood flow in liters/minute/kg body weight

ZH: Zuerich
L: linear

16: tissue Oft‘% m

r——L_J%¥E£_r—1
groups upper body [0,04 - 0,10 E skin, fat — ]
0,04 - 0,40 muscles
—

0,50

lungs, heart 070 - 2,0

(chest area)
40 - 3,0 S
| | l%mg- I I

el |—| intest. liver |—|

lower body 0,04 - 0,40 muscles —
0,04 - 0,10 skin, fat
0,03 - 0,06 bones,

t joincs |
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t the modell behind(2)
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1.3 The Nitrogen Transport in the Model

pinsp.N2 = O(_N2 * (p_amb. - p_H20) | inert gas pressure in
breathing gas

with respiratory coefficient Rc:

(1 - Re) alveolar inert gas
pressure

p_alv.N2 = O(_N2* |:p_amb.- p_H20 +

normally Rc = 0.8 - 0.9 ‘
(for explenations, ref. to PART III / appendix F)

.—"'4 _CLIIatlon ”path # Of the i barometric pressure =gy
— — -‘_ e at surface p_amb.surf.
= — inert gas (e.g. nitrogen)

tranSpO,-t to the dlfferent ambient pressure at depth —> environ-
3 p_amb. (t,depth) ment
tissue groupes, charac-

terized by their half-times.

N2-partial pressure
p N2(p_amb., X N2)

arterial side venous side
alveolar N2 pressure <
p_alv.N2(t)

Each compartment has v cisht D]
identical inert gas pressure eart

| Compart- I
p_TN2(t)

level as ,,mput_, mpen.dent of e =
the state of adjecent tissues L2 |




iy,

BithImann Memorial Symposium 2019

-

—

About the modell behind(3)

2. The Saturation and Desaturation Process

2.1 The Mathematical Approach (1 tissue)

arterial .Compartment C. venous

B, side : : side R

® fferenual equahon (and a :blood input flow m'blood ouput flo&:r

s p_alv.N2 . b ==> pressure diff. dp_C b ==> .

jtion) for each compartment : =8 ;
Ty blood flow -

=(tisssue-group) A IR ey

ss=cAllFfcompartments act independently Kiced voi. .

~ oftheir neighbour compartments o =t T
~— = inbound"” inert gas partial pressure X-thamne : :
Is"identical for all compartments (all M e s s
compartments parallel) —  HESNEE

Saturation and desaturation is ey wnem Taa
mirror-like inverse to each : 3

other (not exactly true in b e S S

reality due to shunt effects * 01 - exp(-k * A¢) )

etC ) (for rectangular ambient pressure change only)

p_alv.N2 pC_N2 pC_N2

At = t1 - to p_TN2: tissue pressure t_h: tissue half-

time
b *o{_b 1n(2)
e et e e (tissue constant)
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bout the modell behind(4)

dP,(1)/dt = K[Py(t) - P(0)]

[pear differential equation

Pt(t) — Palv(} + [PTO_PHIVO] e_kt

— =Solution for AP = const.: Haldane equation

Pi(t) = Pawo + R [t - 1/K] - [Pawo - Pio - R/k] €™

Solution for AP/ A t = const.: Schreiner equation
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T T T T | T T T T T | 1
10 20 30 40 50 60 70 80 90 100 110 120

Zeit [min] (Tauchzeit in Minuten) =

Courtesy of Dr. David A. Doolette, USN NEDU:

Doolette, D. J. and Mitchell, S. J. 2010. Hyperbaric Conditions.
Comprehensive Physiology. 1:163-201.
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the modell behind (6a)
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Tissue half-times,
coefficients a, b
to determine the
ratio between
ambient pressure

| and max. inert

= gas tissue

pressure (similar
to M-values of
US-Navy tables)

S2p P S"E 5Pn.1p
-|e13ied ~sebyau] 7

sadNIp sbunqa‘omn

Houdag
JBuYdETEE

| Teel wewtg vV U vereq]] o

isne pueisiuy

e

Limit US-Navy
(sea level)
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AR —="] =
=
E Ez T
i — —g Ty
B £ = S5 {570(4.
5 L IeTie R
i L. o o 423133431
Haldane: = £ |3 S [1}533 €291 1
Factor = 1.58 A et
(2 x 0.79) for all - R - {3. 1
. o A4
tissues; overly ? G ot
. o [ T
conservative for s ~ bl
. — Q
shorter halftimes, s
critical for longer
ones

Tissue half-times, critical
over-saturation ratios
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(1969)
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h Altitude Diving Trials of the Swiss Army (1)

....using the French
G.E.R.S. tables and with
disastrous results....

(2 out of 8 divers suffered
from severe DCS)

It is not known whether the
sea-level GERS tables have
been modified (adapted to
altitude) or not.

<
- 53

- ’ y '
N Ay . -
| 2 7- pd f .

e }/ / ’ £ 6 = ” . z ” : *

- f] 23 A — == .

HE y . ' ,‘,l,-/ i
* PR ,.7" £ - g § -
a IR il o M e

Lake Silvaplana, 1800 m a.s.I.




it is obvious that

the GERS table imust have
compartment model and is very

some inconsistencies with no
close to Buhlmann.

link to physiological reasons!
Also interesting: Canadian
DCIEM uses a SERIAL

In hindsight,

—%— BU/HAHN
FRENCH N

RS

€ 46 & 48 9 5

Trials of the Swiss Army (2)

-

DEPTH IN METRES

DEPTHI 28 21 2 B u e N < R S R B U B B N BN M N 2 B M

o
e
=
Q
=
=
7
S
=
=
>,
7
=
© puy
N
o
=
=
=
=
=
=
p—
=
=
9

tude D

-

iving
NO—-STOP LIMIT COMPARISON

h Alt

i

: i : &
sSulw JN(L n_OhmIO.z

_._ _. _L‘._. ’
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Figh Altitude Diving Trials of the Swiss Army (3)

=t

esult of the follow up research, the air diving tables of 1976 were created

Oberflachenintervall - Tabelle 0-700muM

4
|-+
|+
| Repetivgruppe sm Ende des nh-rfunnemnnr:uu
= = Lo (Repetitive group at the end of surface intarval)
Dekompressionstabelle 0 =700 miM | ——1 —
e B s B R : L] x ] L Lol o el Y
Aufstiegsgeschwindigkeit ven lom / min nicht Gberschreiten ! b L ab o So L AT J os 1 Me oy pen JaTe
. ad L\K 16 34 55 8o 113 135 160
5 ey, J| 16 | 39 | 65 | 98 | 119 | 1as
neFe| zem | oexosTuFEN [Rep| [TMEFE[ZENT | DEKOSTUFEN rep [* o N T BT R e B ALTITUDE ADAPTATION
GR. GR [* 2y aoian —
= ¢ m min| am m B Im : ,,,_'an,. LB 26 39 Bo | loé 186 2 Mare than 12 hrs at altitude
| s bry”_" D‘\“ £ 34 55 o 113 160 346
- (. 5o 15 2| 5| s |o i i, ~L & 22 | 41 | 8o [127 | a1z
- 12s > 2 2|10| w Supg, e
- 150 5] L 25 i e | : Zeitangaben in min Tace e 2 26 | 59 |1a6 | 252
= Ll B qs| 2| 4 [, oy g~ E 3¢ | B0 | 268
- S0 o w 35 o3| & ity
= 6o 6f 4 ‘o shsfas| « |2 s ;;4 SRR
2o s 18] K ¥ B L) 186
9a 23| DT80 h . .
15 H B e rle a  [701-15 1501-2000 | 2001-2500 | 2501-3200
15 2| 6] & + i
- -
30 e o L e ZeftZUSChlagtabeue 0 - 700 miM No-Decoapression [701-1500 | 7011500 | 1301-2000 | 2001-2500
4o 8 H
— STANDARD AIR DECOMPRESSION T 50 wz| o 3 Ho|| k o
A - s 35 Solas| « [ =
5 33| Ao 2| Spspas] K In )| 6| 9| 12| 15] 20}.25 | 3p | 35 | 4o | 45 Decompressien
) S0 Laf3e | L 7 = i Feee) fale andeten| T30 | 7032500 | 15012000 [ z00m-2500
o g | - [300|160) 96| 69| 55| as | 39 | 3a e system
1. 0- 700 m above sea level (760 - 700 15 il & u e o ot AR AR BE RS 58
: g ;‘ : Se gg o : é; j : X - |>400| 250| 127| we| s9| 47| 39| 34| 29| 26| 22| 19
2. 701 -1500 m above sea level { 699 - 635 .
: % i: 5 if 2 ja Belal : A - | 400 150| 101| 67| So| 40| 33| 29| 25 | 23| 19| 26 [lien Al oW o.a 0.8 03
z Sa slzs | « T
3, 1501 - 2000 mabove 522, feve 14 5%: 6o 618132 K i: § : 1: : : H (2 200 113 fo 55 a2 34 27 25 22 19 16 14
15 Ths|e2 L 6o
4. 2001 - 2500 m above sea level (595 - 56012 o o [ B el : 6 §>200] 135| es| 63| 44| 34| 27] 22| 20| 28| 26} 23] n]
2 5 G g
5. 2501 -3200 m above sea level | {559 - 510[3 e i N F | 200 108 61| 47| 34| 26| 22| 17| 6| 24 f2af m] 9
= 20 i s 2da| s| F o 13 61| «z| 34| 25| 19| 16] 13
s as 3: ; ;: j o 1o 2 a|a 6 Wl L. 12 = L 2 2 When staying more than 12 hrs at an altitude lxﬂl-ﬂl._ll‘
6. Altitude Adaptation o X shol3s] x 15 2| 3o|2a]| o 8s| e8| 34| 27] 201 16| 13| 1] 10 g 8 1| e 1500 m you may use the next lower decompression table.
) * 6o 7fsfas |
: 61 3| 26| 22| 16] 13| 1o 8 8 7 3 5 5
. Nulizeiten :in Henen von 0 -700 muM * B ) o3 26| 19| 16| 12| 5| e 6] 6| s| s| a4 4
o m|9]12|n|u[2ules 3| 35| 40 e - (R T T e e e P e R
feet sea water = mx 3,198 (:5%g min] - Jzoe] s inl 3] 23] 2 lo
: Bei je Tauchgang ist ein Dekompressionshalt von 3 min
auf 3Im einzuhalten!
s
s
|®
o

) CORYRIGHT by ¢ DEEP DIVING RESEARCH LABORATORT
UNIVERSITY 2URiCH
S0 1 ZERLAND

altitude range 0-700m a.s.l.
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jh Altitude Diving Trials of the Swiss Army (4)

25

o RO 4
— PR H G
min (Incl_uean . group ""‘(
tirgny b o Zm
in o) 1 min
N \ i s
69 9 stops (16 m
%
o
e

S
2 701-1500m
above sea level
&

Max.ascent rate: 10 m/min

No decompression limits |
mi8|9 12 [15]18[20[25]30[35
==]720190(30{20[15[10| 5| &

Each dive must include a decompression
stop of 3min at2m

c‘?‘:
o
0P

COPYRIGHT BY
Druckkammerlabor. Universitst Zarich

Og
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Tables
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86 Air Diving Tables: Historical Development (1)

A—

1.1 the long way from Haldane to Buehlmann ...

74 \
N
ATARE A T
15 \
gll \! '\. 5
o 4 B4 T 1 Vi 195:

U.S. N,
AVY STANDARD AlR DECOMPRESSION TABLE

Septn
IHwer) Botiam
S

1

"
b —

= Bu?fﬂ-mann air
diving tables 76
-—not shown here...

L R L TP P

(<< DCIEM Air
Decompression Tables 1983)

bl L E

-"'-.“-'-' .

,ables '83 with ZHL-12)

(<< with ZHL-16)
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'he 86 Air Diving Tables: Historical Development (2)

!

A—

ation as of october 1991....

a

In the meantime (2019), many
organisations have published many
tables, many of them with a undis-
closed or fishy background.

Some of them obviously ,,created*
with a total lack of physiological
competence and ruled by the fear
of law-suits!

1. Historical Background and Table-Development

1.1 Overview on "Popular" Dive Tables

a) "old" tables:

* US=NAVY, 1937, 1957 (sea level)
incl. derivatives used by NAUI,PADI,
> metric versions, partly modified
e * GERS, 1965
e * diff. tables issued by ministry of health and
- labour (France,Germany)
modified tables from SEEMANN, DRAEGER (no back-
ground information)

LY

Y
‘\e\

1]
*

c) newest generation tables:

b) tables of the seventies:

# Canadian Dept. of National Defense/ DCIEM,
1983/85 (multi-tissue, altitude)

# Huggins, USA, 1981 (sea level, no-decompres-

sion dives only, modified Navy-model)

* Buehlmann '76, (first tables for altitude, multi-
tissue-model)
plus some obscure, non-authorised "modifications"
* RNPL (Royal Navy), 1972 (one-tissue mod.,sea
level)

# Buehlmann, Switzerland, 1986/87 (ZHL-L12/16
system, high altitudes, flying)

# PADI, USA, 1987 (sea level, no-decompression
dives only)

# BSAC, GB, 1988 (sea level, no info on model
and safety factors, fixed surface intervals)

# NAUI, USA, 1989 (sea level, no-decompression

#

dives only, modified Navy-model)

COMEX PRO, France, 1991 (sea level, no info
on model or safety factors, fixed surface
intervals)
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286 Air Diving Tables: The Trigger

A.A.Buhlmann A.A.Buhimann

Dekompression - Decompression
Dekompressions- Decompression
krankheit Sickness

2
Q

‘e
Vi

Py
rl

Springer-Verlag Berlin Heidelberg New York Tokyo Springer-Verlag Beriin Heidelberg New York Tokyo

Publication of the ,new" Air Diving Tables of 1983, based on
the compartment modell ZHL-12 with 16 compartments and
12 different pairs of coefficients.
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geht an: - alle Teilnehmer
Herrn H. Binkert, Reg. Chef DRS
Herrn H.R. Elsener, Chef TK

Chefinstruktor SUSY
- Med, Kommission
- Mitglieder des Instruktorenausschusses

-

3286 Air Diving Tables: Initialization

Ziirich, den 17. Juni 1986

Besprechungsprotokoll
-
Ort : Medizin. Universitdtsklinik Ziirich / Prof. A.A, BihImann
Datum : 08.05.1986 von 9.00 Uhr bis 12.15 Uhr
Teilnehmer: Prof. Dr. A.A. Biihlmann, Medizin. Leiter des DKL
Dr. M. Hahn (M***VDST, Leiter Fachreferat Tauchwissenschaften)
Herr G, Gdtte, Instruktor SUSV, Sachbearbeiter in der Angelegen-
heit "Einflihrung von neuen Tabellen" und Gesprichs:
leiter
Herr D. Gehlhaar, Instruktor SUSY, Mitglied des Instruktorenaus-
schusses.
Herr B. Miiller, M** 5USV, in beratender Funktion und Protokoll-
filhrer
- Gegenstand des Treffens: s. Schreiben (Einladung) von G. Gitte

vom 06.05.1986

PReASUL ) Py e benans 1aucbtnloellen,

Inhalt des Protokollf:

L P =

o

. Zusammenfassung
. Ausgangslage
. Pflichtenheft der neuen Tabellen

. weiteres Vorgehen
. Schluss

(Grundlagen und Design)
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ne 86 Air Diving Tables: The Ascent Ramp (1)

7. Adaption at Altitude (pre-dive history)

E 4 ascent to

-] altitude staying at

=il (1800m) dive site

_g 0,8

I
= * 08
1.0 : -
30 60 90 120
| time [min.]

‘Start at Om asl. with all compartments

upon arrival.

2y -
= ~ Vo G

For the 86 table, a ramp of 1hr from
700m to 2500m a.s.l. was assumed.

Desaturation was calculated with strict

solution of differential equation.

als
TS

— -

p_TN2 [bar]
=]
-
e~

0,65

0,60
0.58

-

I

| § ®ea level

L
L=

=

L

™ = |

saturating

- 60 min. ramp used for tables 701-2500m

;altitud- level oy o
[ |
30 60 g0 120
time [min.]

NOTE: - fast tissues almost adapted after reach-
ing target altitude; slower tissues still

Diagrams courtesy of Dr. K. Meier-Ewert
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5 Air Diving Tables: The Ascent Ramp PE)

Aufstiegszeit zur Zielhéhe 60 min Start-Hohe 0 701 m Ziel-Hohe H1 2500 m
dH/dt 29.98 m/min pamb 0.931 bar pamb 0.750 bar
dp_N2alv/dt -0.00238151 bar/min f N2 0.790 - f_N2 0.790 -
pN2-insp 0.736 bar pN2-insp 0.593 bar
pN2-alv 0.678 bar pN2-alv 0.535 bar
TN2tol- TN2init- TN2tol- TN2arrival-
pﬁoehe 0 pﬁoehe 0 SAT(HO] pﬁoehe 1 P Hohe 1
[1/min] [bar] [bar] [%] [bar] [bar] [%]
0.17329 3.104 0.678 21.83% 2.746 0.548 19.97%
0.08664 2.430 0.678 27.89% 2.152 0.562 26.12%
0.05545 2151 0.678 31.49% 1.901 0.576 30.31%
0.03747 1.946 0.678 34.81% 1.715 0.591 34.49%
0.02567 1.813 0.678 37.38% 1.590 0.608 38.21%
0.01810 1.664 0.678 40.71% 1.450 0.622 42.89%
0.01277 1.566 0.678 43.27% 1.358 0.634 46.72%
0.00900 1.495 0.678 45.31% 1.292 0.645 49.92%
0.00636 1.443 0.678 46.95% 1.244 0.653 52.53%
0.00475 1.390 0.678 48.76% 1.193 0.659 55.22%
0.00371 1.349 0.678 50.23% 1.155 0.663 57.39%
0.00290 1.313 0.678 51.62% 1.120 0.666 59.43%
0.00227 1.268 0.678 53.45% 1.077 0.668 62.06%
0.00178 1.249 0.678 54.23% 1.060 0.670 63.23%
0.00139 1.222 0.678 55.44% 1.034 0.672 64.98%
0.00109 1.197 0.678 56.58% 1.010 0.673 66.63%

k SAT (H1)

H*

Olo|[N|lo|la|h|W]|IN]| =

VO ZIZ2|rXR|—|—|T[@[MMOO|m|>

Effect of Ascent Ramp 701->2500m a.s.l. in 60min

- Relative saturation increases significantly
Longer —half-times do not react significantly

- Tolerated tissue pressure decreases significantly!
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£86 Air Diving Tables: The Ascent Ramp (2b)

Kompartimentszustinde auf 701m und 2500m

B p_TN2tol-Hoehe 0 Aufstiegszeit zur Zielhéhe 60 min

M p_TN2init-Hoehe 0 dH/dt  29.98  m/min
p_TN2tol-Hoehe 1 dp_N2alv/dt -0.00238151 bar/min

M p_TN2arrival-Hohe 1

m SAT (HO)
6 7

M SAT (H1)
Kompartimente

Gewebe-Inertgas-Driicke [bar]

Gewebe-Sattigung [%]

9 10 11 12 13 14 15

Effect of Ascent Ramp 701->2500m a.s.l. in 60min

- Relativ saturation increases significantly

- Longer —half-times do not react significantly

- Tolerated tissue pressure decreases significantly!

4 5 8
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NULLZEITEN - BERECHNIENG NULLZEITEN -"BERECHNUNGS
System ZHL-12 System ZHL-12

*Anfahrtsrampe = 60' LY 701 - 2500 mg *Anfahrtsrampe = 60'
ohenbereich:
0- 700m D

Fiilhrende HW-Zeit (Min.): _/Tiefe n. Tabelle (m): Fiihrende HW-7Zeit (Min ) C/’

+ Zuschlag : te| Faktor a (bar) :’('. ?Oo + Zuschlag (m): Faktor a (har) 4 03’ 0.1z
&3° o.fo0 05U

Faktor b Faktor b (-)

Tiefe effektiy  '(m):-" . 0. by : Tiefe effektiv  (m) 2-6

Umgebungsdaten < Kompartimentsdaten Umgebungsdaten Kompartimentsdaten
‘ e i 0.3
Oberf1dchendruck Py (bar) s bt Initialer DTNZi “(bar)/Tal ol B Oberf1dchendruck Py (bar) Bl g Initialer pmz_imt(bar-)/}%"!” o 0. 6of)
Drucksteigerungsrate 3(bar/m) ....... o REhes Druckstelgerungsrateé(bar."m) bt ¢ el " [Hdhe: ...\“.i.z"
) s e
Inertgasanteil 1“ (=) : 0. Max pryoc.. (bar) Oberfliche : . Inertgasantm'Lt')L."2 (=) (bar) Oberfléche :

Max PIN2max

1 1 S P O O : NI B E T TEN

Aufstiegsgeschwindigkeit Aufstiegsgeschwindigkeit

Vascent (m/Min.) Vascent (m/Min.)

5 |10 |15 |2 e 5|w 15 |20 | o=

qi?- 1|l YT (N ’%Q_ o @ 0.fLLL
22| 1 (473 IS+ 43333

AR

1 L] -> today‘s methods:
0| fo

L Yoo ref. to Appendices!

Abstiegsgeschwindigkeit
=—Vpescent (m/Min. )
Abstiegsgeschwindigkeit
~—VDescent. (m/Min.)

All combinations of descent and ascent rates checked with fixed and variable
safety margins for depth and for the relevant compartment half-times
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30
25

20
14

10

10

20

A) NULLZEITEN
Tabelle
4 N\ ( )
US-Navy GERS | RNPL Bue76| DCIEM |Bue86 | PADI BSAC
1957 1965 | 1972 1973] 1983 1987 | 1988 1988
Tiefe Meer Meer | Meer 0-700] Meer |0-700 | Meer 0-250
(m] AL J 6m-St
+ *

9 - ( - ) -- - 380 335 >205 243
12 200 -— 137 200 175 125 14 122
15 100 >120 15 75 75 80 74
18 60 75 57 50 50 51 55 51
21 50 35 35 40 37
24 40 45 32 25 25 30 30

New No-decompression limits; more conservative

- than other contemporary tables.
Most other tables NOT suitable above sea level.

GERS tables definitely off-limits.

Compare DCIEM NDL, almost identical from 15m
on; DCIEM model is a serial compartment model

with asymmetrical saturation / desaturation.

1& 86 Air Diving Tables: No Decompression Limits (2)

file: TABBUEH 0-2 datum:89-11-27/1 Seite 1/12

NULLZEITEN-UND DEKOMPRES-

SIONSTABELLEN

FURR LUTFT

(Erweiterung fuer lange Expositionszeiten zum

neuen Buch von Prof. A.A. Buehlmann)

neue Tabellen Release 1.0 / 89-11-27

L ater addendum of 1989
for long exposition times
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=86 Air Diving Tables: No Decompression Limits (3a)

and comparison of today' s n_S(1)

Values attained by using ZHL-12 and ZHL-16B

NDL times in [min]
Altitude range [m a.s.l.] 0-0 0-700 701-2500 | 2501-4500 | 4400-4800
Altitude of adaption [m a.s.l.] 0 701 4500 4400
Altitude of calculated dive [m a.s.l.] 700 2500 4500 4800
Ramp to upper range limit [hr] no 1 no 6
Surface Interval at dive site before dive [hr] 0 0 >24 3

6 1110 663
9 349 204
12 125 88
15 75 50
18 51 32
21 35 22
24 25 16
timeless, rect lar 27 20 14
\ o 30 17

33
36
39
42
45
48
51
54
57
60

LUTTI/ T, COTISLdTI

Depth [m]

ARhOGOONN®OD

SAAa A A NN WO
WHRAAON®OSHRODOIO DD

bold values: as published on tables
blue values: added by calculation




oy

Buhlmann Memorial Symposium 2019

gt
e "

_‘a- 286 Air Diving Tables: No Decompression Limits (3b)

s and comparison of toda = ins(2)

Nullzeiten in Fkt. der Hohe U.M. /
No-decompression Limits as a funct. of Altitude

—0-0

—0-700

—701-2500
A NDL@9m

2501-4500

——4400-4800

T
E
-
(a]
=2
~
et
Q
e~
=
4

N
ANDL@12m

T T T T T T T T T T T T —
18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Effektive Tiefe / effective depth [m]
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_a- 286 Air Diving Tables: all other profiles (1)

Oy step / way-point by way-point / tissue by tissue
tion for all depth time combinations

:
@ Austieg

Gesamt-Dekoplan

Tiefe (m/M Autld- ,19_ ? 6 5
: s Zeit (Min.) 2 2% w90
f :

Total |4(4. 8"
TAUCHGANGBERECHNUNG fiir Tabellen

@ ... (Ankunft 3 m/ft) / [ @ (Ende m/Pt = Beginn M"A

i . ~F00 ,, . DECO-Prognose

Wohe P90, Wt @ sacinn Fouch @ PNz (bar) [Pamb.tol. (bar Ttol‘(m/i\) J Pinz(bar) Panb.tol.(bar)
.0, eginn Tauchgang :

Pamp, *

Ende Tauch-
e P n A e B AM.AN_,_Q——JQ‘S

o - 0y A T 1.6320F |0.42233 [ 1.60S05 | (U4
" ; = A200%19 061598 | ASLl33 | 1.8
-1z O Wohe ../l oo K Lo ki AB208 | 08058 | Abdeor | %56
-6 KB Py, & mufbns ¥ 'Msu ] A3422 0 88U22 | AWuZr | Qe.4
-0 Pragy, 7 " 3 A2%02 [ 0.8%070 | 429083 | 99.%
i ; PNt D { ayerofam] 4228 905
f )] 4 1.213 1.3
@ @ @ @ Beginn Aufstieg O Zwischenwert / m/ft
PNz (bar)| | PTNZ (bar) | |PTNZ (bar) Pihz2 (bar) Panb.tol.(bar)| "tol . (m/rc)|  [PTN2 (bar)
068663 | [0.L3%9uSo | 2. 049707 )2.086C | A4.5Y

N o4t g% | |2.SI3M00| 18842 | 9.43
/ 048 0| [2.350M08[ 4,093 | F.eL

Wi e [Lotna] tga | £ Note the change from one
X ==l leading tissue to the next or
overnext one during ascent

and deco stops!

PROFIL

8attigung
R coumar] €5 [%]

Panbo1.(bar )| Teo1. (bar)
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ne 86 Air Diving Tables: all other profiles (2)

-~

p_amb.tol [bar]

CHS i Skin, Muscles
Compartment L0 7,84 122 18,5 26,5 a7 €3
f :

10

13
' 6.

"Leading Tissues" during the Desaturation Phase

e T

1,6

NOTE: a leading tissue is the tissue requesting for
the highest (tolerated) ambient pressure, there-
for determining the ceiling (shallowest depth
not to be surpassed) and the corresponding
decompression stage depth.

P/

g
!l

1,9

e e

;ﬁf lm& a! different

tissues on the decomp-
ression profile

i 4
%

RG at end of dive = letter code of
leading tissue when surfacing.
When next following tissue was
also saturated to 95%+, then that
letter code was taken for end-of-
dive RG.

0
time [min.]

NOTE: - tissues with short half-times (CNS etc.) are
governing the deeper stops, tissues with
longer half-times the shallower ones !

- p_tol.min. = the MAXIMUM of all tissue-related
p_amb.tol -> the permitted MINIMUM depth !)

Diagram courtesy of Dr. K. Meier-Ewert
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-86 Air Diving Tables: Surface Interval (Sl) table

o

A

= lemps d'atente avant l'anvol: 4 heures

(reaching surface)

desaturation in cne tissue !

8. Special Effect: Delayed Desaturation during the 4
Surface Interval due to Pulmonary/Vascular Shunt Oberflichenpause Belsplel: Wisderholungsgruppe RG F
ST e S e A Intervalle de surface nach Ende des Tauchganges
"0" | 1 || - nach 45 Mincten ist RG C,
i i i = RG nach Ende des Tauchganges nach 90 Minuten A erreicht
8.1 Obstructions in the Lungs due to micro-bubbles GR 4 la fin de la plo A 2 2 {Zwischenwarte abrunden)
B| 20| 2 2 - nach 8 Stunden kann ohne Zeit-
pulmonary veins I e 10| 25 3 3 zuschlag getaucht werden
p | 10| 15| 30 a 3 = 4 Stunden Wartezeit bis Flug
8.3 Shunt Influence on Desaturation | E | 10| 15| 25| 45| & | 3 || Exemple: Groupe répétitit GR F 4 ta fin
4 (during surface interval) F | 20 | 30 i 45| 75| 90| 8 4 de la plongée
i - : G |25|as | 60| 75|100(130] 12 ol Loy
. H|50 65 | 95 !IGU 180 (240 (340 | 24 ? i ad g ingtn
LA 1 TN2 [bar | (prendre pour les valeurs intermédiaires
\Z capillaries P LRy H G FIE DI c | B | A Isumlisml|] celle immediaement inférieure
b : & -
shunt / bypass . RG am Ende der Oberflichenpause mf;:“mnf;‘h;”‘ .
A 7z i A <-- end of dive \GH a la fin de l'ntervalle de surface

very small arteria
(micro-vessels)

pulmonary arteriae

8.2 Percentage of Shunt on Total Blood Flow
(heart minute volume)

s Due to lack of scientific
data at that time (!), no
shunt effect included.
Effect is masked and
OITI1PE dled DV C

margins and rounding

REASONS: - diffusion impairments inthe pulmonary ruleS
system (micro-bubbles) .

- vascular constrictions due to cold etc.

- changes in intra-cellular permeability

1
!
!
! de'
a
! to J;ur,,é 5
! .ﬂ,[ ‘;’dﬂ QQQ
o,
p_alv.N2 surface b i

blood minute volume by- !
passing alveoli
shunt_% = 0 30 60 90 120 150
total heart minute volume |t!.ln [min.]

| slowed desaturation | unknown |

EFFECT : - SLOWED DESATURATION 1
- higher than predicted tissue inert gas
pressure
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_“ Air Diving Tables: ,,Smoothing“ of Residual
Nitrogen Time table RNT

Ale Wiederhol: hgé 0=-2500 miMm =
; ﬂnn.‘“-u&wulvncd.ﬂ-ﬂbbﬂm s/mer 0—2500:“.’3'."., J
™ ZeiJLZUSc_\‘\\ige (ZZ) als FUF\H..(RE\)
7 . Zeitzuschlige fir Wiederhol ‘L hgi It te
%0 L s ity Al i e e o
PRGN ?{Jd \IM m}%u—?kt. RG ;“rdonmmm::el?:;?og‘g“omim
- GR 9 12 15‘13 Zl‘M‘27|M‘331M[39‘12'4§‘u‘!||M\57
] o A|zs| 10] 18] 149211 ]10] of a| 7| 7] s s‘s 5| 5| s
: B ar 25: 20017 |15 (13 12| 11| 10 9 B 7 7‘ 6 5 5 5
[ = C |55/ 37| 29|25 2|2 |18 |186|14{12|11 0| 9| 8| 7| 7| B
- %o D | 81| 67| 41|33 (282421 19|17 15|14 /13|11 |10| 9| 9| 8
E 05| B2| 59 44 | 37 (30| 26 | 23 | 21 19 | 17 | 16 14 | 13 | 12 1 10
E F 1303111‘ 88| 68 | 53 | 42| 35 | 30|27 | 24| 21| 19 | 17 16]15 14 | 13
G |154/137Is51 9|72 |57 l4a7rl40 |36 127125123 /211201 191 18
=) ke Beispiel: AG C zu Beginn des Wiederholungstauch-  Exemple: GR C au départ de la plongée successive.
ganges. Vorgesehene Tiele 27 Meter = 18 Minuten Prolondeur envisagée 27 mélres = 18 minutes
— Zeitzuschiag zur des de & rajouter au temps de séjour au fond
o
ye
30 Splines: mostly sequential
representation of real function
E : by polynominals 3rd ordre.
~ At the interfaces of the seg-
e ments, the functions must be

H 3 . . : e %&J twice continuously differen-
' tiable.
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86 Air Diving Tables: ,,Smoothing“ of Residual

itrogen Time table

Zeitzuschlagstabelle

A) Blhimarn bisher Gnj i [45]43 (1424 |3 1203334 |39 | w2 |us[WB[54 [ [54[o] | Plangées successives de o-2600 m s/mer 0-25007".. |
(nicht qeqlaitet) Ao [4s{At| 2| M{40] G |8 |} [T [Clb |5 |S|5|5|6
B 30|10 |o|A8 AS (MM Ae] G| 818 | }]C <55 |
¢ Jus|zo[28] 1 22| o4s e |2 | Mto] G (8 | F[3 | 2] Malorations sux pior B e s |
— D o[ 50|35 3025 | B|to 48 [ A¥ 46 [4s [Au |2 ]40] 3 [ 3 [ 2 |2 ergasenaca Tauchite  aer = TR
- Efdo v ucus |2 2o ac|ma [0 [1s i el i |11 (1010 1o ] | | &8 | 751 v, v6 | 18 21 | 24 47 {30 | 39 | 38 |30 |42 |48 [ 48 | 81 | 84 | 67
_— EYi ool | 60| o Yol [So] 16125 |0 |is |l dejAs b e | | | 3 | 2] 301 8102 010 8] 2] 2] o] o] o] o] o)
G s |90 | XK | 6o | 5o |US (Yo |35 |30 [ 96| W 23 | U] 20|48 |48 (48 c|ss| 37| 2925 22|20 18| 16| 14] 12|11 |10] 9| 8| 7| 7| s
D | 81| 57| 41|33 | 28|24 |21 (19 (17|15 | 14|13 |11 |10 9| 8| 8]
E |105 821 59|44 |37 | (B | 2B|21|19|1T|1B8|14)13|12| 11| 10]
F 130'11|! 88| 68 | 53 | 42 | 35| 30 | 27 | 24 21|19I17 16 15|14 13
B)Hahn (ﬂ@f&Lé'&@ﬂ ARS A Ab| A |42 M Ao B 8 |F[F|e|6|6]S |55 Y G [1s4l137innsion 72157 |a7l40f3s i l27i25/23|21/20019/ 18
(bleibt unveeanders) | Bselovlis | plas[ izl s]g 3|30 ]C|S 5[5 U Qares Vorgaasnons Telo SF sl - 10 Mondan  Proleind emieagte 27 miNeac 3
c K ?)’5 ’l‘& QS 23 (Lo A& :((9 le A’% /M 40 3 ‘2 } q_ 6, [9 Zeitzuschlag zur Grundzeit des Tauchganges de majoration & rajouter au temps de séjour au fond
D o] O W 2| B[ W U A9 | AAS AU A2 | MM [40] |98
E ] 81] 61 W 93] 20]26| 20 [ 1048 | A6 | AS |44 | 43| 42 |M [fo]do
T eS| |88 |67 | S | W33 31 O |14 1 |49 |48 |G [4€ |44 | 2 12
& %
C) Béhlmann NEU ARS8 [Ae| M 4| 40| 8| [F[F[6[6]|6|S[5 (5|4
(aealattet) B 1225 2o A4S | B[ | M[do| 8 8 [ F| | G[S[S|S U
C 55| % M| 25| 22 20|48 [Alo| e (AL M 40| 8| 8 || F[6 |6
DRSSH W B0 | W2 A9 A [ACAY | 3[4 [ 40] S |5 |8 |8
E oS| 90| §9| U4 | 34| 202 [23[ U |49 |43 | Al A% | 43[4 |41 [ Ao |4
T 3o (411]98 [ 68 |53 U225 20|14 | 14| U [A9 |43 [46 |AS | 14|43 43
G JSHAT M) [ 32 S UA| Uo| 28] 24| 13| 15| 13 11| 20[4% | 43 |48
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.86 Air Diving Tables: Flying after Diving (1)

,,Cabi

_ 2103m
1800m (today‘s target: B787 ,Dreamliner®)

EADPHONE

AI;T
cUTouT
Cabin altitude, e

feet in thousands

Boeing 767

_53? | | | | |
1000ft = 10 15 20 25 30 35 40

control panel of

older aircraft
304.8m Airplane altitude, feet in thousands
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,Cab

Pressurization Flight Profile
Caption:
ALT Aircraft Elevation

= (Cabin Elevation
Cruise Altitude

Pre-pressurization
Takeoff DP =
Elevation 0.1 psi

gl Landing

. Elevation
Abort Tmn
Fo | R |~ - =

Cruise Descent On Ground,
After
Landing

On Takeoff
Ground,
Before
Takeoff

Climb

In the climb the cabin altitude increases with the air-
plane's altitude, though at a lower rate, meaning the
cabin climbs slower, smoother and to a lower max
level.

—

& ‘86 Air Diving Tables: Flying after Di\}ing (2a)

Note how on the takeoff roll, the
airplane starts to pressurize to 0.1 PSI
differential pressure.

That means that in fact your pressure
altitude inside the cabin will be above
the pressure altitude of the airstrip.
This guarantees a smooth transition
into the climb.

This additional amount of pressure
mustn't compromise the ability to
quickly open the doors in case of

emergency, so pressure differential is
limited. On a B737-NG, the differential
is 0.125 PSI (9 hPa). This is equiva-
lent to an altitude 236 ft below the
runway.
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=86 Air Diving Tables: Flying after Diving (2b)

o

A

,cabin &

3 -

On this example of an Airbus
A330 you can see the rate limits
at the bottom of the graph.
Notice how the cabin altitude will
be limited to + 1,000 feet per
minute in the climb and to - 750
feet per minute in descend.

In cruise, any adjustments will be
less than +/- 300 feet per minute.

JansLiLy

=
=
my

{12~ — unasnve

WILSAS JAILDY

| e
[ CLIMB/DESCENT : Vz ca

| e,
[

)

Normal passenger aircraft
climbing rates:
(between 10°000 and 30°000 ft)

= -{L'_r\'}-i 1]

= ——

MODE

I
|
I
RATE | - ! (B} |
LIMITS S0 F .. 2ru ! e ! | =
I
Ly
|

R
TIME TO
SWITCH
{SEC)

—_—t————_-—_——-—g—_—— _____________

A320: 2000-2200 ft/min const.
A319: from 3000 to 1500 ft/min
A321: from 1400 to 500 ft/min
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1100 1300 150.0
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A€ 86 Air Diving Tables: Flying after Diving (3)

A.A.Bihimann

Dekompression -
Dekompressions- [
krankheit

SN |
\

Hohe .M. Hohe ii.M. pamb-surf  pO2 Luft
[m] [ft] [bar] [bar]

.W

- -

| S R T e A
e

T ; T
st 12 18 h
Luftatmung an der Oberflache

Abb. 17. Fliegen nach Tauchgingen fiir Sporttaucher. 1 = Einmalige Tauchginge ohne Dekompres-
sion aber tiefer als 12 m in 0—700 m .M. oder tiefer als 9 m in der Hohe. II = Einmalige Tauch-
giinge ohne Dekompression bis 12 m (0—700 m ii.M.) oder bis 9 m (in der H6he) sowie einmalige
Tauchginge mit Dekompression bis zu einer Tauchzeit von 120 min. III = Tauchzeiten linger als
120 min, repetierte Tauchginge, ,, Tauchferien*

as of 1983
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1286 Air Diving Tables: Flying after Diving (4a)

o | equivalent | equivalent ERSEUWCREIERECTENT R-Noz=lolly
il e sl pressure of 0.58 bar (corresp. to
bl EENEI S approx. 4600m) was assumed.
-M-m.m This pressure is a trifle lower than

normal flight BT T the lowest possible pressure
max. toIerated technical deviation mmm according to IATA rules (0.60bar),
max singlefalure | 055 | 4800 | 15743 [NNPNIIRRSNRNT. SRR P

trlggerlngofmasks mm 16'404 e e R ey
sumptlonfortablecalculatlons 058060 4'400 14'436 echnical-aeviaiens,

(data as of 1986 by Lufthansa) ,normal“ are approx. 0.77-0.8bar
(approx. 2300-2000m on 35°000

to 39°000ft).
el Data of 2018

ypical values for A330: ypical values for B747-400:
Short flights <2.5Std.: 7460ft 10 hrs flight
Long flights: 8000ft: Altitude 34°00ft/10300m: 0.843bar

Typical values for A350: Altitude 40°000ft / 12°200m: 0.792bar

venting valve Al flights: 6000ft




-;mﬂ'ann Memorial Symposium 2019
i I

—_—

286 Air Diving Tables: Flying after Di_\'/ing (4aa)

) If the masks drop down,

-

X you should not care too
e MTM MITO RATE B , much about DCS....

LLINE

aP
R g

w e e but having you credit

Eﬂ;{! = X ?&h card ready for paying
. & the extra oxygen!

M1 = ] + WAN

dErosavvy

‘Ladies and gentlemen,
the oxygen masks have
modern (B757, 767) dropped down. A stewardess

control panel will be along shortl
. S ougf()’r thefn’ Jet Airways, B737, real
gey incident in Mumbai
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Berechnungssystem

ZHL-]ZB / Version:TPk'.s,‘).'

il I o I 2 T

ach

Tame

hen

Ungebungsdaten

Kompartimentsdaten

° A

BLATT &3/3

Zwischenergebnisse

Hohenlage (m.uU.M.) : . Halbwertszeit, (Min.) : P : &
er ruc ar 4 ,} daKtor a ar Nzinsp.surf. bar)
z-1600 / version: ... ok e 419 g orkoded, 5;;'5%’0 b . 46473
. N2 TN2 max. surf.(bar):.1"e%1
ZHL- GD fNeEBTIon: ... Wasserdampfdruck 00603 Zeitkonstante k (1/Min.): Ar. i
PH20(bar) 2ede. w. Hewita
P Prye FUr | |Pmyn = P Py = P p = = At fiir
_m:) ATZ: 0 43522’ ba {%i’?.bar "Tﬂg" bar). '}N'/z@" bar.{g}.". bar?{%‘. ba 3}“‘125 bar ;..'rg'..bar :rg%s.bar prE%’ bar| BPTNZ max.
050 | |40#224| | 63.U2 | (830 |66 02 | €294 | 2006 | Fu.48| F6T | 1344 | .02 | §4.84 13.41
040 | |L457b| | 39.20 | 4o lid | G4.58 | 42. 69 | 443 | Ue.92| L4345 | 54.94 | W29 | SL.6o 8.18
O30 | (122269 | A48 | U-42.|22.53 | 23.03 | 1632 | 86| 36.4e | 2290 | 3024 | 3355 | 3942
080 | |138HHK | 3.93 | bdo | R 22| £ |Aobe | J2.55| A4S0 | /3.5 | 4992 | 2200 | | [23.84
0.90 1. 50748 o o o = o = 228 | 4H | 342 | 9.13 A1. o0
TI3KE | Go. ot | GL 8% | Ul.o2 | G342 | 4223 | S43L | [3.89 | 35| (7.93 | choy | || GLét
179214 | 34.9¢ | Q247 | 36.3% 13C. Ue | 35.61| Yool §3.24 | 45.69| ¥5.0%| 50.39 |, 5%
C CA e CA C . . = C - CA . C . . =



—

Oberflichenpause Beispiel: Wisdernolungsgruppe AG F
Intervalle de surface nach Ende des Tauchganges

‘D"( ,.).. N - nach 45 Minuten ist RG C,
RG nach Ende des Tauchganges nach 90 Minuten A erreicht
i Al 2 1T -t e
b 5 it~
| e ‘ ?0 x 2/ : zuschlag getaucht werden
: + ,O = 4 Stunden Wartezeit bis Flug
| tecnnische | > | 10| 15( 30,3 3
E ! 10 15 %" 4 3 5:‘::‘;'. Groupe répétitif GR F ala fin
| ;5 | fg gg s e 1: i { = aprés 45 minutes F devient C,
NACHTRAG (KONTROLLE) | = aprés 90 minutes F devient A
"""""""""""""" 7 (prendre pour les valeurs intermédiaires
zum Bericht alFIEIRIC A |Std/h Syt celle immédiatemant infériaure |
e AGem Ende der Onerflachmuﬁ.uaa 75 PSSR v A g aana |

ajouter de majoration
- emps d'attente avant l'envol: 4 heuras

GR a‘@ fin de lintervalle d;ﬁur'ram

& Passfahrten und Flhgooﬁlmo Druckkabine, /
= PeibsRe Le passage d’un col wﬁo\”m cabine mnurl:h
— e R | (Zwischenwarta der Hohe Mnmer les valeurs intffmédiaires d'altitude celle immédiatemant
/\QJQ;;;};V: (zur numerischen Kontrolle) supérieure ) ARG YA des Tauch rkungen:
‘M—— W.Keusen Sachbearbeiter "Manual® | pho= :TﬁEﬂlnbEm % ﬂ:ngégmﬂs I in foher ﬂ..l,lfutlng el dar
- | ersten Stunde des Intervalls nach dem TG!
| Hahe (m) A,_y E F G (’ H ‘> 15 Nach Ablauf dieser ersten Stunde: gleich-
— altitude (m) | = missiger Aufstieg zur Zigihghe,
" it T 2500 _Y71:00 | 1:00 | 1:00 | 1.00 [ 200 ! e o pmpsisanie
(Tabelle fuer Passtahrten und Flissen i Tsisten. o0 30,0000 m,’ 100 | 100 | 100 | 1:30 ﬂ-wl Remarques:
] 100 | 100 | 130 | 330 1. Pas de remontés pendant la premidre
B.Muell - : A heure de lntervalle aprés la plongée!
St 1 130 | 300 7:00 2. Aprés cette premiére heure: commancer
Vers. 1.05 / 87-09-2i Al 19hien in StaMin/Tous les § d 5 tﬂt_ mo:!:: Mw'“:éull Tr |
il :’:ﬁf‘m 22, atteinte avant le lemps d'attente indiqué. |
Bericht von: Beat Mueller
Vertei ler Prof .A.A.Buehlmann (zur Kontrolle) M .
e e am | Result: an adequat consistent and coherent system which
W.Keusen,Sachbearbeiter “Manual" - = =
TR A is — just another benefit — easy to use.
Vﬂrﬁl‘hil‘kr am - :
der U-rfu!s-r

regulaeres Expl.

Korrektur-Expl .
et B.Mueller

HV nach TG Vers. 1.04 /87-08-20 |
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‘= Air Diving Tables: Flying after Diving (5b)

Fllegen nach Tauchen

Passfahrten und Fliegen ohne Druckkabine
(Entsfittigungszeiten, Wartezeiten bis Flug) Le passage d’un col et vol sans cabine pressurlsée
(Zwischenwerte der Hohe aufrunden/prendre pour les valeurs.intel
2. Obar Tachendrick o - 0.5 par 1 RpH18S ) [5G am ENDE des Tauchganges | ( Anmermger:
3. alle Gewebe zu Beginn mit p,., = 0.751 bar initialisiert GR & la FIN de la plongée 1. Kein zusatzlicher Aufstieg innerhalb der
4. Abstiegsgeschwindigkeit 30mfin. ersten Stunde des Intervalls nach dem TG!
5. Aufstiegsgeschwindigkeit bis 1. Dekostufe 10m/Min. Hbhe (m) A-D E F G H 2. Nach Ablauf dieser ersten Stunde: gleich-
ke A _ T s e
Tiefe Grundzeit || Dekostufen ffsattigungszeit Wartezeit bis m‘ 2500 1:00 | 1:00 | 1:00 | 1:00 | 2:00 ” &ﬂ::;td::e?;g?;:?;:nnge‘gebener
(m) (Min.) 3m | 6m| 9 (5td.) (5td.) 3000 1:00 | 1:00 | 1:00 | 1:30 1 3:30 -
S 0 |- |- |- 2.5 5.3 3500 | 100 [ 100 | 1:30 | 330 | 530 | * ::jrgedj’,.“,‘:;‘sglz’:gg‘s‘ - g;’n';'g;‘,’
12 120 == = 8.3 30 4000 1:00 | 1:30 | 3:00 | 5:00 | 7:00 2. Aprés cette premiére heure: commencer
NZ=140.4" 180 |- |- 24.1 5.5 T A . une montée réguliére.
: W :
E=2 = — = — :::eh rs::igzenen in Std:Min/Tous les temps d'attente a L:n:m de envisagée ne doit pas dtre
120 18 =" k= 21.9 4.6 atteinte avant le temps d'attente indiqué.
180 a0 - =L 27.5 7.0 ©B. A Miller/ZH 1988
50 Y T B {5 1.4 © A A Bohimann, Universitat Zirich CH 1886
%0 22 | - - 20.6 4.1
120 B|2 |- 24.8 5.8 y .
= -1 e 08 It was shown that especially longer dives at
70 23 | - - 19.3 3.5 . .
T BN | shallow depths led to longer desaturation times
40 6]|- - 12.9 0.9
60 252 |- 19.2 3.5 ' H |
T TENE “2 and waiting times for flying.
= = 10.9 0.7 . . .
© | uh|-J ea Obvious reason: for these profiles, the leading
20 2|~ - 7.9 0.4
30 2lx - 12.2 0.9 O N N 1 O e
= ] e 2_4 combartmenits are those With lonqger ha Me-Ss
17 2= k= 7.4 0.3 .
25 5|2 % 11.2 0.7
30 1213 - 13.7 1.0 WhICh
15 = : : . . e,
o | &l o i a) have lower inert gas tissue limits and
30 1515 1 15.2 1.7 .
A 01 b) require more time to desaturate.
25 nlel 13.6 1.0
10 - - - 5.3 0.1
15 411 o 8.3 0.5
20 514 1 11.6 0.8
e
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Urized Aircrafts

PASSFAHRTEN nachT & [evakie Werte]

[ —

fhe "86 Air Diving Tables: Crossing a Pass and
ying in hon-pre

Legende

i ReaC

Passfahrten und Fliegen ohne Druckkabine
Le passage d’un col et vol sans cabine pressurisée

(Zwischenwerte der Hohe aufrunden/prendre pour les valeurs intermédiaires d'altitude celle immédiatement

r—-—a: * 8D

PUAIEIERAT LR, i o

i i R R

—
RG am ENDE des Tauchganges
GR a la FIN de la plongée
Hdéhe (m)
atwoe(m [ 4P | £ | F |6 I M
2500 1:00 | 1:00 | 1:00 | 1:00 | 2:00 |
73000 | 1200 | 1:00 | 1:00 | 1:30 | 3:30
3500 1:00 | 1:00 | 1:30 | 3:30 | 5:30
4000 1:00 | 1:30 | 3:00 | 5:00 | 7:00
Alle Wartezeiten in Std:Min/Tous les temps d'attente
en hrs:min

©E. A Miiler/ZH 1988

Anmerkungen:

1. Kein zu i Autstieg innerhalb der
ersten Stunde des Intervalls nach dem TG!

2. Nach Ablauf dieser ersten Stunde: gleich-
maéssiger Aufstieg zur Zielhdhe.

3. Zielndhe darf nicht vor angegebener
Wartezeit erreicht werden.

H.I“llqll“:

1. Pas de remontée pendant la premiére
heure de l'intervalle aprés la plongée!

2. Aprés cette premiére heure: commencer
une montée réguliére.

3. L'altitude envisagée ne doit pas étre
atteinte avant le temps d'attente indiqué.

———a: "=H
Wartezeiten in Std.
Tauchplatzhzhe : beliebig

Grundzeiten @ & 33kd,

g s * 2@ © A A Bahimann, Universitit Zorich CH 1986

Zeit [std)

ﬂ;g:_io
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Ae 86 Air Diving Tables: Number crunching behind...

O~ il UWevpy piac] 1,07 ‘o
TR A B o S e
Congr fil
Luftdekompressionstabelle 0 - 700 m .M. Zirich 1986
Tiefe Grundzeit Aufstieg Haltezeiten Gesamtauf-
zum 1. Halt m  min stiegszeit
m min min 12 9 6 3 min
12 125 Wi‘/ 1 bl b 1 ;
= TR 3 3?@1/ s
180 1 g A 97
210 1 Al 18 V% 19
240 1 11 26 13 27
270 1 0 2’ ;!
" v 300 1/ 1 432 36 ULy 37
— 15 WNEV R 1 2 A
— L - 1 i3 W 8 ;!
%" oo fl‘?;— 1 Ao —4- AT a3 AS
] 120 g 1 At 20 1 21 (A
. i 150 1 4 W 26 3
180 1 % S 1] Ly
ok L 1 Ol B M X B2 B s‘;&;
\0 \ 240 1 Al re s 6 H
18 51 z gy g, | - T
60 2 I % 5¢ 7
70 2 | 1o {1 o io0d
80 2 Au 18 45 20
S 2 lo 2490 2
2 14 1 322 M
2 AR 43 B 40
2 3| & A3 9 a548 56
2 Acllel 2119 s240 B0
2 18 Bu| o1 5 60act m7
2 1 3
2 8 10
2 16 18
2 25 27
2 3 29 34
2 732 4
2 15 36 53
2 42

Repetiv-
gruppe

IE\:)G!G? N e - -

jxxxx

*x T T T @ OE@TM ORAxETITOoOOTM

[
Professor Buhlmann as a

numerical wizard

’_’E““,ji P~ Cogy i I’-I 322 laere Vi "f‘, Ju (,;.Q!."L;-

: 2 0 363 SY3 g v N
. R\"%i 12,5 185 :}’b i W - L G dF2
F e d A & g G£26
(202l 552 gy 3150 A€W 4536 .
ey 7 2
'_}LLI »3 NAI.‘JIJL:lng{ A q‘rDﬁ-"’ 4831 24-P3
1487 4159 e
qaer | Aot crtil
12 4ee fABLES 2178 4982 1393
i 1‘”-"‘_ 0y i .
) 2 9 155 2010 ?‘JF,;U ﬁsg:{ ﬂgglz
51) o 21 2
phy 4 8 e :
t 25’ ol ?Hfsli A6y [ LM 4301 qusy
- 1,383 7 8 - 2 ~f3
. 1YL 43 4436 Z2H-F3
13 G pdva 2300 g 363/ AC d
2413 b 3piy 2306 l’;ﬁ-j‘_ han 03 47
ia 2
P! e 45320y 15YS 2130 4939 1308
jaliy 4161 4MNL 9155 qoé 1Y

D) Y oas 4230 ooy lo23 4963 430€ 4615
il Siptm . ‘ Ej
T = & |
:a‘"f'M:qu,; Y A ;.
I‘_.-—-—"_'—'_-__‘

repeated iterations of corrections
and refinements.....
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386 Air Diving Tables: Decision for Introduction

v
]
““Secrétariat permanent

1000 Lousanne 9

Case postole 183
CCP/PC 10-6169.

e do
du Souverngs IAS/VEI et do

t Fédération Suisse de Sports Subaquatiques
Schweizer Unterwasser-Sport-Verband
Federazione Svizzera di Sports Subacquei

AN DIE MITGLIEDER DES 2V

AI MEMBRI DEL

COMITATO

Iz Socidté Swise de Sovvarage

1S55/3LEGH

Ing. Nicolao AMBAOSINI
CAPD-ISTRUTTORE FSSS-SUSV
Via Migiome 61

B616 LOSONE

Notra réfdrance,
Unser Zeichen

INCARICO DEL BD DEL
21 6 B6 ALLA COMM. AD
HOC : INTRODUZIONE
NUOVE TABELLE .

La commissione,preso
atto della documenta-
zione esistente ed
esperiti i necessari
. accertamenti,ha deci-
_~-30 all'unanimita
quanto segue @
1l.-I1 Comitato Cen~-
trale FSSS é invitate
a voler decidere 1l'in-
troduzione presso la
Federazione delle nuo-
ve tabelle Biihlmann
83/FS8SS .
2.- Ne viene parimen-
ti proposta l'entrata
in vigore per 1'1 1 87

Ambrosini Badoux
Niecolao Mai

Gt b inn.,

DIRETTIVO

AUX MEMBRES DU BD

AUPTRAG DES ZV VOM 21 6
1986 AN DIE AD HOC KOM.
EINFIHRUNG DER NEUEN
TABELLEN .

Die Kommission hat,nach
Kenntnisnahme der be -
stehenden Unterlagen
und den nétigen Ueber-
priifungen,folgendes ein-
stimmig beschlossen :
1l.- Der Zentralvorstand
dea SUSY wird ersucht,
die neuen Biihlmann Ta-
bellen 83/SUSV in den
Verband einzufilhren.
2.- Gleichzeitig wird
vorgeschlagen,sie mit

dem 1. Januar 198% in
Kraft zu setzen.

23 luglio 1986
11 agosto 1986

Demande du BD du 21 o6

1986 & la commission ad
hoe pour 1'introduction
des nouvelles tables.

la commission a décidé A
l'unanimité, aprés avoir
pris connaissance de la
documentation existante
et fait les vérifications
nécessaires, de :

1l. inviter le BD d'accep-
ter les tables Biihlmann
83/Fsss,

2. de les faire entrer

en vigueur dans toute la
Fédération 4 partir du
ler janvier 1987.

Galfetti Miiller
Americo gt
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Dietikon,den
Beat Mueller
Muehlehaldenstr.3
Dietikon

Hrn.Nicolao Ambrosini
Chefinstruktor SUSV
Via Migiome &1

6616 Losone

Betrifft: Passfahrtentabelle,Hoehenveraenderungen
nach Tauchgaengen

Lieber Nico,

ich habe zwischenzeitlich meinen Bericht mit Prof.Buehlmann durchge-
sehen und wertemaessig ueberprueft. Auf seinen Wunsch hin habe ich fuer
ein zusaetzliches,spezielles Tauchgangprofil (2im/B0O’) die verlangten
Wartezeiten fuer alle Hoehen sowohl mit dem BASIC~Programm, wie auch
auf dem HP-97 durchgerechnet. Die Werte der beiden Programme stimmen
einmal gegenseitig , aber auch mit den durch Handrechnungen von Prof.
Buehlmann ermittelten Werten voellig ueberein.

Imn weiteren Verlauf der Diskussion ging Prof.Buehlmann noch einmal auf
das Fhaenomen der verzoegerten Gaselimination im Bereich der Haut und
Muskulatur waehrend des Oberflaechenintervalles ein.

Um dieses Froblem auch noch in den Griff zu bekommen.macht Prof.Buehl-
mann folaoenden Vorschlag:

Dies kann noch stark vereinfacht werden (mit der Anmerkung!):

Rep.Gruppen

iHoehe [ml F I B |

1:00

1:00

| 3000 ! 1200 1:00 1130 | 3130 |
T___;;OO I 1:00 1130 3130 1 SI;S—T
T___;GOO ! 1130 3:00 5200 | 7:00 |
e
Anmerkung: im Verlauf der ersten Stunde nach einem TG kann in den

RG "A" bis "D" stetig bis 4000m,

2000m aufgestiegen werden!

Fe

in den

uebrigen RG’s bis

Die Sicherheit der vorliegenden Tabelle fuer Hoehenveraenderungen nach
Tauchgaengen basiert auf folgenden Punkten:

1. experimentell durch Kammerversuche und Freiwassertauchgaenge breit
abgestuetzte Koeffizienten des Systems ZHL-12
2. das dem vorangegangen TG zugrundegelegte Rechteckprofil

{ergibt

1.

als minimale Wartezeit an der Oberflaeche sollte ein
Intervall von 1 Stunde nicht unterschritten werden.

die Rundung der exakten Werte sollte auf HALBE Stunden

hoeheren Inertgasdruck im Kompartiment)

3. der diesem TG zugrundegelegte Tiefenzuschlag

4. die Annahme der Ausgangshoehe (Tauchplatz) mit O m , d.h. Meeres-—
hoehe

erfolgen (meine Variante "B" ).

Damit ergibt sich foldendes Tabellenbild:

- Rep.6ruppen H
lzul. I= TS,
iHoehe [ml |
o

] 500 i 1300 I 1200 § 1:00 | 1:00 |
+

i i 100 | 13100 | 1100 |
+

H i 1200 | 1:00 | 1:00 |
i 2500 I 1100 | & 1:00 | 1200 | 1:00 | 1:00 | 2:00 |
T T

i 3000 t 1300

1:00 |

=D
&

die Annahme eines zeitlosen Aufstiegs auf die Zielhoehe

die Bestimmung der maximalen Wartezeit an der moeglichst exakt
ermittelten Grenze von einer RE zur naechsten

die ausschliessliche Beruecksichtigung des Maximalwertes aller

1 TG innerhalb einer Rep.Gruppe
die Vgrschrift einer minimalen Wartezeit von 1 Stunde
die Aufrundung der exakten Werte auf die naechste halbe Stunde

D —_—— T T T T T T T T T T
und ev. Beispielen fuer den NEREUS vorbereiten kann, darf ich DRich
bitten, mir moeglichst RASCH (spaetestens bis 21.10.87) eine verbind-
liche Stellungsnahme zukommen zu lassen.

Falls gewuenscht, bin ich auch bereit, anlaesslich der TK-Bitzung am
19.10.87 in Zuerich und/oder am Zentralkurs eine Praesentation zu
diesem Thema zu geben.

Auf GBrund der umfangreichen Dokumentation die Euch (TK,IA) vorlieat,
sowie des Vertrauens, das wir alle in die Arbeit von Prof.Buehlmann
setzen, sollte die Meinungsbildung eigentlich eine kurze Sache sein.

Lo

In Erwartung Deiner Antwort verbleibe ich

mit kollegialen Gruessen

Beat




.'ﬁfmﬂann Memorial Symposium 2019

=

_:1—~‘: Air Diving Tables: Presentation to the Public

diving tables of 86 (1)

- forms for usage:
'_‘.:z print
- plastified version
‘*.- sets of diving tables for different altitude ranges
g -0 - 700m a.s.l. (complete adaption at sea level, immediate dive at 700m)
-J__, - 701 — 2500m a.s.l. (complete adaption at 700m, drive to 2500m in 1 hr,
= f—“-’* immediate dive)
-~ 1 Surface Intervall Table (SIT) for 0-2500m a.s.l. including
- Time for almost complete desaturation for each RG at end of dive

- Waiting Time for Flying after diving in pressurized aircrafts

Residual Nitroaen Table (RN or 0-2500m s

1 Table for Waiting Times for Flying after diving in non-pressurized aircrafts
and for crossing a pass (up to 4000m a.s.l.)
Handling rules for all tables
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Dekompressionszeiten M Wiederholungstauchgénge 0-2500 miM W o |
rité et temps de 0 700 :a&'mar Courbe de "'“"“..m";""'" maM Plongées successives de 0-2500 m s/mer 0—2500 rr:\“:“nm
Stufen Tiele i Stufen
Pal t Zeit
2m 9m 6m 3m et Prof. . | Duree
minmn| 12m 9m _6m _4m

Oberflichenpause Beispiel: Wiederholungsgruppe AG F
Intervalle de surface nach Enda des Tauchganges
~ nach 45 Minuten ist AG G,
nach 90 Minuten A erreicht
(Zwischenwerte abruncen)
- nach 8 Stunden kann ohne Zeit-
zuschlag getaucht werden
= 4 Stunden Wartezeit bis Flug
Exemple: Groupe répéliif GR F & la fin
de la pl
- aprés 45 minutes F devient C,
aprés 90 minutes F devient A
95 | 130|180 | 240 (prendre pour les valeurs |nl-rmidna\rn
rFlelpolcle Std/h calle immédiatement in
RG am Ende der Oberfiachenpause b=yt Ly ""b"“' S
GR ala fin de lintervalle de surface ~ temps d'attents avant fenvol: 4 heures

Paliers
m 15m 12m 9m 6m 3m a9m em 4m 2m

1

RG nach Ende des Tauchganges
GR a la fin de la plongée

39

A

20

c 25
‘D 10 30
|E 15 45
90

30

340

A

SUR~w= @

PR

F |20 30| 45
25|45 | 60| 75
65

vrusonn

G
50
G

2
&~
o

H
H

hss
Reloa

GOD e [GOR= |ma=

B bt in

fir abrunden) |
aux (prendre pour les valeurs intermédiaires
celle immadiatemant inférieure |

o
==

Vorgesenene Tauchtiale in Meter
Profondeur en metres de la piongée envisagée
9| 12|15 |18 | 21 |24 | 27 | 30 39 | 42

25| 18] 16[ 14| 12| 1 9 7| e
37| 25| 20(17 | 15 1 8| 7
55( 37| 29| 25 | 22 16 1| 10
81| 57| 41|33 | 28 19 14 | 13
105 szi 59| 44 | a7 2 17 | 16

Remoniée: 10 m/mn ————  Palier de sécurité: 1mn & 3 m
Remontée: 10 m/mn ———  Palier de sécurité: 1 mn a 2 m

@
BRlonma

e, [T
Realuna |BB8ISonn-

130(111| 88| 68 | 53 30 21|19 |17 |

154113711181 91 | 72 40 2riosl2al2r )20l 19
Bdhplll RG C 2u Beginn des Wiederholungstauch- Exemple: GR C au départ de la plongée successive.
ganges. Viorgesehene Tiefe 27 Meter = 18 Minuten  Profondeur envisagée 27 méires = 18 minutes
memcmn 2ur Grundzeit des Tauchganges de majoration & rajouter au lemps de séjour au fond

BoNuOE RN

P
BUNEESn-

PI= RPN

0eMMo |poomTm (ooawm |oonmo loosenmmo (eeepnmmo (23

8
POETMD (DOOOTMC (EEOETIMO (GEOTNIMO |PEEOTTT (0EEOOOTTM [ TTo0mT [0ooT (000 |0 |83

Passfahrten und Fliegen ohne Druckkabine
Le passage d'un col et vol sans cabine muurluo
Hohe les valeurs
RG am ENDE des Tauchganges | Anmerkungen:
1. Kein zusatziicher Austieg innerhalb der
SRRl FN e s pongse ‘ersten Stunde des Intervalis nach dem TG!
Hahe(m) | o p | E G H 2. Nach Ablauf dieser ersten Stunce: gleich-
altitude (m) Autstieg zur Zieihdhe.
2500 | 100 | 100 | 100 | 100 | 200| 3 Zieihdhe darf nicht vor angegebener

Wartbzeit arreicht werden
100 100 | 130 | 330
1. Pas de remontée pendan!

Sy 130 [330 [ 530 | 1 F e a sonater
4000 100 300 | 500 | 700 thmwuunw:-mmmmv

SSTR~mma

rang—

supérieure )

.
SRS s

Cooms |[RONwan [GROess~ |BBowmsw

in S = une montée
:lﬂhnx,::zlullﬂ in StaMin/Tous les temps d'atiente 3. Liaititude envisagée ne dolt

mmmuwvmumm

36 36 1

3
4

© A& Bunimann, Unvvorsite ge CH-Zurich 1986 © A A Bunmann, Unwarsias 20 O 1888

QoTAM |TooTMM | IopOTmM | ZEEeTIMM (Ipoommmm (oooonmmm | roeeenTmoo (Teoommo (93

1
1

) AA Bunimana, Uiniersast Zanch CH 1986

€8 & Moserr 2 1098

IOEOTMMOUD (IOOONTIMO |0O00OTMO0 (IOOEOTTM [Toommmm (Toommm (Toomn [Txo000 |zx0 (§F

Aufstieg: 10 m/min ———  Sicherheilshall: 1 min bei 3 m
Autstieg: 10 m/min ——  Sicherheitshalt: 1 min bei 2 m

rar
Lelhonwa

Printed paper version; it is agreed that diving beyond 40m (absolute) is regarded in most
Jurisdictions as an voluntary risk, which may have legal consequences.
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=86 Air Diving Tables: Plastified version of tables
iving tables of 86 (3)

~
e N ( Depth BT Stops
th BT Stops :
ki 5 Iha o B e S A o 2 8 8 SIRD "’.:::“2'": "":";“""2'": "‘"‘:“°""|":E
51312! 1/6 1n Al . :255 ; = e 20 3E 12 1| 4|el 3
F
@15 2Bl | 38| |a3]25] |2 7|F||e8] 18 49:% “‘“nn slaf (s0f 33 (4| 3[:5(&| [¢2] 35| |3[3] 3IF| 5
g- 30| f4]111@ 21 13)16(13/@ =15 82 1|F as| |2| 7|15|6 21]3|3|s|ala| =
=g 51 1|F 35 gli7|16 24 6[18]G| T o 70 i 40|1]5/[10/20{G 24l44]7]18/G) g
= 70| |11]e 402|8|23la) , 3[e| & = S = e k]
=] | [1]E 12 1o 12 2| 5|E s"“ 4 F 15 2|E 1 aglf
21| 50 B|F 20| |2| 5|E| 48|15 4| 8|F| & 80 11]G| |45]20 2| a|F| |as|15] |al3] &lF
!g 60| [16|a| (36[25] |4] o|F 18] |3f4/10/F|3 = = i 25| |2/ 3| ola P R
ol ol a0|z|s|15|a 21| |4felisla 30f1(3| 8|14|a 21]4]4|7]16l6
3B)2/8]23|@ 35 2|F
AMERRE G o e - s 35[2|4| 8|20)a T
24| 40 8|F 10 1|0 12 3| 6/E e 45 9|a 10 1|D 12 3| 4|F
50| |i7|@ 15 4(E| |B1|15 4| B|F s0| [1]13lG 15 1| 3|€| [48|,5]2]2]4] 8la
60]4[24/G| [a9f20]| |3 7|F 18| [a]|s]|13|F 55| |3|17/a| |36] 20 3| | F wiilslehele
R B 25|2|4(12|a 21|al4f7]18]a o — o 25( 13| 5|12|a €
a 30| | s[F His7161a 9 1] s|E| § 30]|3|3] 819)G s 2E| E
3505/028la K 3(F o [1]1] 3|F|
27| 35| [10]F 8 sl 12 4| 6E[§ =824 35 7|F o 1101 (8142]1|2|3| slF
40|2|13|G L] 1D 15 :l4|t:pP'g 40| |2|11|a 12 3|E lalalalitlel ®
FHHEE HEREH 18l1)3fe|17/@|® :E ss| lahelal | o) 18 2| 4|E F 215 &
Tl T 110l (42| 18] |4] s|F 2l [.02] glel € = 1 1 21| (3] 4l0la| |sal 8], |1]2] 3|
- 25( | 5(E 211214110/ F| I87) 51|58/ 11|F|E 20 HE 24|2|3| &|15|a 12|2(3la| 7|F
R 24/3l8|is|a 8lale|7]18la 27| 28 e 27)|4|4| 8|18/a 15|4]4|8|13a
— 30| B13|4:]& 27]al7[18]a e L
. 0|5(17(a sof1[6|16/a atitude 701=2500 M above seateve |
:g 5|9 |23|a| | Atitude 0=7 00 M above sea leve! | \ )

REPETITIVE DIVE TIME-TABLE 0-2500 M avove soa tovel REPETITIVE DIVE TIME-TABLE 0-2500 M avove seaieve!

Surface Interval Times <o~ Example: Surface Interval Times -0~ ?’ :
Al 2 ?- Previ ;Jha‘zl 35min = Al 2 Previous dive: 24 m, 35 min =
Renate W R at start of 8| 20| 2 2 | Repetitive Group (RG) = F
RG at start of B|l20| 2| 2 epetitive Group (RG) =F . T o g B Bt R e
surfaceinterval C | 10| 25| 3| 3 | - after 45min atsurface: RG=C Srmos nis .D 10| 15 30] 3| 3 | snersom d“m:lﬂ-l
D | 10| 15/ 30| 3| 3 | -after 90min atsurface:RG = A El10]15| 25 45| 4| 3 . I:n“'m-nm
E|[10(15| 25 45] 4| 3 (Intermediate time: use next F|20|30({45| 75/ 00| 8| 4 mmmm"
e -:5 fg ?.3 ;: ,;3 ,3‘3 1: ; m""",h" W o) @ |25|45|60(75)100{130| 12 | 5 | - atter hrs: fying is permitteat
| 5 s /ina s Deniitied alFlelolclelalnelns :
GIFIEIDICIBIAlhsinhrs| -afterBhrs: RG="0" no more - after Bhrs: RG = “0", no more

RO &t end of surtace interval Residual Nitrogen Time (RNT) RQ at end of surface interval Residual Nitrogen Time (RNT)

RG for No-Decompression Dives and RNT for Repetitive Dives
Repetitive dive depth m (intermediate depths: use next shallower depth)
RG | B |12[15]18|21)24 2730333639 | 42| 45| 48|51 5487
25| 19|16 |14 |12|11|10| ®| 8| 7| 7| 6| 6| 6| 5| 5| &
a7| 25/20(17[15]|13|12[11]10| 9| 8| 7| 7| 6| 5| 5| 5
55( 37|20|25|22|20(18|18|14[12]|11|10| 8| 8| 7| 7| &
81| 57/41(a3(28|24|21[19]17|15]14|13[11]10| o 9| B
E [105|82/50 |44 (37 |30(26]| 23|21 (18|17 | 16|14 [13]|12[11] 10
F h3oht1iealealsalszalasisol27izal2ri1eli7ii6l15]114]13

Example: RQ = C at and of surface interval. Planned depth of repatitive dive =
27 m. RNT = 18 min, to be added to Bottom Time (BT) of repetitive dive,

R@ for No-Decompression Dives ant RNT for Repetitive Dives
Repetitive dive depth m (intermediate depths: use next shallowsr depth)
18|21 30

BUEHLMANN TABLE

TmMOO®»

BUEHLMANN TABLE

ono@»

© A A Bushimann, University of Zurich | Swirariand 1988
© A A Bushimann. University of Zurich | Switzerand 1968

: R@ = C at end of surface interval. Planned depth of rapatitive dive =
2Tm. =18 min, to be added to Bottom Time (BT) of repetitive dive.

A

Set of plastified carry-on uw tables (in Germah, French, English) for both altitude ranges.

Slightly reduced number of depth-bottom time combinations compared to printed paper version.
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First try... (HP97; 224
programmable steps;
reverse Polish notation)

parallel...
(IBM 3033 and 3081;
Fortran Program)

2nd try: Compaq portable lll;
Turbo Basic
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nn PSShe 4.
- TAUCHGANGBERECHNUNG fiir Tabellen . S3tigung
E PROFIL S A
Tiefe: 30 ...... /R Hihe , ~F00 kUM @ Py c..oR) S GY.4
Zeit : ..4?-.0...4. Min. Pib.. Zo'q-g-zf; bar W H_)—A.AMAMM Pr-.:g-.u:;;d 3 %‘g
; DLBeEt bop RAm = e Pr| %1.6
E N2atv, w A
| / ,\?_..ﬁ“ _ 6.k | qul
system: zaL-12 [ Hone : ../ 4 . Co-Pragaose _ 2| 99.%
— 2416 (B Pary, ../..bar @ & : }%"l\uﬁsug m;t .. ®... a/f 0.9 Dekostufe] 51 ‘I‘??g
- 60 LY Lo flubar iy Lsg. _“_9__“,,,“) 2% 3.2
alv. ] der DaL.T gesamter Dekoplan z 29.4 . h 26! 3 ] B 18.3
.............. o o i s. Blatt 2ff 2ECD-§ugnn;= . . H
; : et - 40.2 vekostufel (g Q! 90 1in.
@ @ @ @ Beginn Aufstieg O Zwisdhenwert / n/ft /1?.4 35 .1{- 6
T 23.2 . 88 | -2 R
“F (M?ﬁ.) Priz (hard| | Pinz (bar) | |P1 (bar) | | P12 (bar) Pamb.tol bar)| Teo1. (n/r)| [Pz (bar) Pamb.tol.ar)| to1, (bar) A6 Dekostufel Y4 win| [t0n
b 32 0.L8L62 0.L329uSe | 2,949 107)2.08 (L AA .54 5
T (swal [\ / u ot f1%0 | |Listi] 4.8342 | 9.43 | | 1w
t | = X _J [ 0.8 3820 | [1.250Mate[ .93 | F.62 g i,
8 | 109 b u 0LtHug20 | |2.cadyson| 44Le2 | 5.34 o
1o [ a4t Y- / p.c3%0 | [Adsorab| 42920 | 360
IR /\ " 0.8 Mo | | A-SBSunM| 4.454¢ | 2498
12 / \
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PIGNEL (1), DELTAT 7
FODER AR SRk RB0 K
*

[T

ER KOMPARTIMENTSDRUECKE DES MODELLS ¥

z

BULTAT AUF DASSELBE 2-DIM. ARRAY. '

3

—08-0E / #62 X

*

X

*

R ERKKE EERRIRERELRNNT LXRRN
LocAL ITYP (), DPETH)

DIt DYNAMIC TYYP(2), DPDT(Z)

? ERROR =~ HANDL ING

1

ON ERROR GOTOD ERRPTIEA

>CHECK AUF NEBATIVE WERTE s/ EXIT FUER DELTAT=0

FOR I = ¢ TD NTISS-1
—_ FOR J = 1 TO NGAMAX
IF PTISSEI, 11 <0.0
MEXT J
NEXT T

THEN PTISS[J, 11 = 0.0

/

1F¥ DBELYAT = ©.0 THEM ENDFTIGA

* FESTSYTELLUMNG DER BERECHNUMGSART

FOR J = 1 TO MNGAMAK
ITYPLJY = 2

.\_, DEDTEIY = (PIGNEULJI - FIGALTLJ]) / DELTAT
IF DFDTLJY = 0.0 THEN ITYPLJI] = 1
NEXT &

* NACHFUEHREN KOMPARTIMENTSDRUECKE

STRPTGAL
FOR I = O TO NTISS-1
IF ITEXCLII} = 1 THEN ENDPTGA
FOR J = NGAMI TD NGAMA
IF DELTAT >= NT2AMAXKT20J, 11
THEN PTISSEJ, 1] = PIBNEULJII: 60TO CHECKA
EXPE = EXF(-FKLJ, 11KDELTAT)
ON ETYPLJI GOTO ETYP1A, ITYPZA
ITYFLA:
*a) mit einfacher Lsg. der DEL
PTISSLJ, 11 = PIGNEULI] -  PIGNEUEJI-FTISSIJ, 11 )*EXFO
G0TO CHECKA
1TYPZA:
*b) mit strenger Lsg. der DBL
PTISSIT, 11 = PIGNEULII-DFDTIJI/FKEI, 1Y
- (PIGALTLII-PTISS[J, [1-DFDTLII/FELI, I1) KEAPD
ECHECKA:
IF PTISSLT, 13 €£0.0
NEXT J

THEN FTISSLI, X1 = 0.0

CAF BEMIMI {SUISSE) kb
GOFTWARE DEFARTENENT

Prograemn

KOMMERTARE: muttsee BOU/13/2500/1E0/t06

NELLIETTER und DEKDAPRESSIONSTABELLE
fuer LUFT

Programmer :  B.Mueller WOEHENBEREICH: 800 - 2500 1 v,
Eingabe [¥1}: KOEFF.TB4
Eingsbe i#20: DTABMUTT.INP
Auspabe {831 RORZOr15.¥h3 1 11 DEKOWPRESSIONSHALTE 1A 1 L Vi WARTEIEIT | ERTSAEITIG- ! KRITISCHE RORPARTINERTE 12U BEGINN t KRIT. ZUSTAENDE
Datum : 8B-08-7R ; E} I EE g:l BIS LB ! DMSIETT JEDER EIWIELNEN DEKDNPRESSIONSETUFE | BEIN AUFTAUCHEN
i leter 1n meler I " . .
F T [Ieiten in piputen TT T Bi H H 1.Wor tiefste *Safe Ascont Jepth? H
Y = B! I, - Rilsitiho ptl§ ileit/Mo ptiB) 2.ho: laengste Haltezeit Moidtlb  NofptI6/Sat
q.iioehenlage {Hoehe 11 o w M. = 2500 & R v . : .
2a.0ber#l, ~Luftdruck Hoehe 1 = T4 bar AWAI2U 81512 9 6 4 Zlain w3 iGtd ¥ bar DSW W bar P2 I8 15 2 % & 4 2 id har % bar 1
Ja,alv, N2-Druck ¢berfl.Heche 11= 4,537 bar
ka.zlv. HE-Druck (Oberfl.Hoehe 11= ¢,000 bar W WULEZEIT= 20.% min fiakl, Abstiegszeit= 3.00 min) / Koapertiments 3,PTI60 31 = 1.957 bar
;::::?;IEE:{‘:K:: ;]!IEH: E‘H' : ﬂl.!;g}"har 1 T3 L2BI0.007 ) 20910253716 0.4771 DS BT
Sbediv. H2-Druck (Obarsl.Hoshe (= 0.475 har 151 1O LEH0.000 1 2.08112h.0/1b 0,484 DT ALASY B
8b.alv, HE-Druck (Dberil.Haehe 0= 0,000 bar N ‘t T3 LERO.00 | 2.235126. /16 0,481} § 0867 440304 W
5. Anfahriszeil Hoshed-ZHoshel = 15 ain ote: as ; 1 197,47 ' ;
b, Rufenthaltsdager auf Hoshel - 180 mia 14 214000 T 1.925127, 471 0,458 3/3 1 371,925 4/1.6817 94
Ta.kmmst, HZ2-Bnteil Oberflasche = 79.0 % Iong aS you 2% 5 2.4h10,00/ 3 1.949:28,8/1h 0.765 33 b ILWT AR 98
Tb.kanst, HE-Anteid Oberflaeche = 0.0 % f BT 2.B00.0L K 1IRTIZE, 716 0.TE2E 414147 5115680 97
$a.konst, Ni-fnteil waehrend T6 = 79.0 1 don‘t know R ) ‘ v s e 5
Eh.kmst. H‘E'Mt!i] waghrend T6 = I:I,o 7 1 81 % 3.1500.08/ § 1.501§29.2716 0.739! {54 . LN
9. konst. Wasserdaspidruck = 0.062 bar a” thIS uin linkl. Mustiegszeit= .00 wint / Koapartisent= 3,PTIEL 31 = 1,957 bar
:?‘ EMEF'EFH;:::EFM: s l[’ai:s bar ) D3 LISI0.007 L 22056250716 G.881) LI LR 99
« Respiratidns 1zien =1
|1?arnrlﬂk§teiﬁe‘rﬁng5*aktﬂf = .91 bir!‘iﬂl governlng §3 LBbi0S 1 2.308120.5/16 0.68B¢ L 3/1.83% 471,558/ A8
12b.entsprach, Wasserdichte = [ 986 kgfiitpr arameters B4 LGRS 1554127, 2016 0.6%! AR IR VT
13. konst. TIEFEN-Iuschiag =0.00 8 p ’ T b 270,000 3 1EIENS/ 1 0,704 V3L SIL913 4L %
14, multip!. TIEFEN-Iuschiag =000 % an
15. zus.Dekestufen-Sicherheit 20,00 m y y oL B 250,007 § 1LATI28.416 0,701} 3L WLTA SILE 57
B4, konst, Tiefenzoschi. DEKD =400 n 2 L0305 1586129, 3/16 0,719 0315 P TEL SeaBrL 9 97

17, muitipi.Tiefenzuschl.DEKD =000

18, Abtauchzeit a. Tiefe (i) = 5.0 ain 0
19, uftauchgeschwindigkeit - mowmn| ON atable is
28, Bpezif.tuttverbr. (Bherdl.) = .0 Limin. f4a |
P7a.Kabinendruck 1. Wartersit = 0,49 bar useless!

228, Flughoehe n. Eabinendruck = JE00 »

233, Kabinen-M2-Partialgruck = (.50 bar B
23b. Kabinen-HE-Partiatdrock = 0, 000 bar

23c. leitloser Aufstieg bis Flegheehe (TAFLG=0.0 §int

24, Entsaettigung bis PIGSRFL ¢ 1.050

25. Brundzeit = Mteuchaeil + Ieit auf Tiefe
26, Aufstieq IMISCHEW Rekostufen NICHT beruecksifhtigt.
27. alle Dekozreiten auf GAMIE Minuten aufperundaj.

M. Haiowertszeiten,Koeffizienten, tol. Oherfl fMomp.-druecke,k’-1

discussion

ain linki. fbctiegszeit= 7.00 ain) / Kospartiment= 3,PTIEL 3) = 1957 bar
D4 140,000 ) 2.331i26,0/1b 0.4684:
14 1.8010.00/ 3 1.855126.9/16 0,493}

3T 2000

§208 v 2emta

3 4 3.0158.93)

BN R 5 B8N 9

33

PHLIES A7 A8 83

PILEE AN 9T

I WL ALY NG

345 1 5/1.594 671400/ 97

Later program version in Turbo Basic on a carry-on Compac PC
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‘Computer Expert
ss-Checks done on IBM-mainframe

Y
Z?l-ffl-f % T/lﬁ, CruadzeF

- 934
.75
999.00

WOHNORT  (BAR):
TAUCHGEB. (BAR):
AUFENTHALT (H):

0,952

K PR

ES?ZBON—D(%)KU“

Pn%szuﬂérnuré[ﬁ%—ﬁr’gx

SEITE

AUSGANGSTIEFE (M)
N2-PARTIALDRUCK (BAR)
ZIEL-TIEFE GELOTET (M)
N2-PARTIALDRUCK (BAR)
AUF/AB-GESCHW. (M/MIN)
ZEIT FUER AUF/AB (MIN)
VERWEILZEIT (HIN)
BELASTUNGSFAKTOR
TEMPERATURFAKTOR
LUFTVERBR.(L) 20 L/MIN
SPEZ.DICHTE 1.02

0.00
.69
1.85
.54

F483I6 47

heq, vt ? g
\

0.00
.69
1.85
.69
999.00
.00

1.85
.69

99999.00

39952

ABSTIEG AUFENTHALT

1.85
.69
0.00
+54
.03
60.00

406496
AUFSTIEG

0.00
.56
28.81
2.82
288.10
.10

3
ABSTIEG

28.81
2.82

Jsww)

Crungze'l
3994
AUFENTHALT

28.81
2.82
9.00
1.25

-10.00 ,
1.98°

4066
AUFSTIEG

GEWEBE-ART HS-ZEIT

GPNZ\rTBL

GPN2 PTOL GPN2 PTOL

GPN2 PTOL

GPN2 PTOL

GPN2 PTOL

GPN2 PTOL

GEHIRN-
RUECKENMARK

4.00
8.00
12.5
18.5
27.0
38.3
54.3
i
109
146
187
239
305
390
498
635

HAUT-
MUSKULATUR

Cagpaqgn N A

INNENOHR A0
A1
AL
1%
~Y
as
A

GELENKE-
KNOCHEN

&ood)
.000
.000
.000
.000
.000
063
.090
.114
117
162
.162
275
.275
.275
w& T8

.540
540
. 540
. 540
. 540
. 540
.5640
.540
.540
. 540
.540
. 540
.540
. 540
.540
.540

.000
.000
.000
.000
.000
.000
190
222
« 267
. 254
.301
301
«415
+415
«415
.615

.000
.000
.000
.000
.000
096
-190
222
267
.254
.301
«301
«415
6415
«615
615

«551
.524
.517
561
.503
426
687
.687
.687
.687
.687
.687
687
.687
.687
687

.687
687
687
687
.687
687
.687
.687
687
.687
.687
.687
.687
.687
.687
687

.555
.568
.583
.599
.615
.630
. 663
.653
662
.668
.672
.675
<677
<679
.681
682

.000
.000
.000
.000
.000
L0647
+152
192
.224
.236
.286
.289
.406
.608
<610
611

.574
.578
.589
.603
-618
-632
. 644
-654
.663
.668
-672
.675
-678
679
.681
.682

.000
.000
.000
.000
.000
.0649
.153
.193
«225
237
.286
.289
.407
.408
.G10
.G11

2.817
2.798
2.711
2.535
2.281
2.009
1.740
1.499
1.299
1.162
1.067
.991
.929
.878
.838
.807

. 733
1.078
1.345
1.365
1.322
1.233
1.107

.955

.802

.701

.661

.588

.648

.599

.561

+ 531

2.576
2.674
2.640
2.498
2.269
2.010
1.747
1.508
1.308
1.170
1.074
.997
.934
.882
.842
.809

.541
979
1.288
1.335
1.311
1.234
1.118
.964
.811
.708
667
.594
.653
.603
.564
.533

2M 64N
6M  9M
12M 15M
18M 21M
24M 27M

DEKOZEITEN FUER
(MIN)

ME/24.10.86

S a agsiuif,

oiif ZSO0u,
/:l 0. PYZ%0r

Soll. teeshynnt
btd’ 00 by

o -/an;.u
T7¢ ant
A 2
0912 -¢.3Y}

.00

«80———9999.00—

F?llu1f£L

. £0.00—

24 13
7 1

Ency Prindy,

24
&

14

55.10
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'|t|caca Trials; Bolivia, 3800m a.s.l.
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Capt (0EO) Marc Moody RACC

SCIENTIFIC STUDIES
& EXPLORATION GROUP
PERU 1987

Roemereschstras
) Osnabrilc

uck M

| FDecember 1986

BSAC Diving Officer's
B i e e s s Sy e Conference, London,
“ Nov. 1986

THE VALIDITY OF A MULTI-TISSUE MODEL
IN SPORT DIVING DECOMPRESSION

A. A. Bihlmann—University Hospital of Ziirich, Switzerland

“*What is a multi-tissue model? It is generally accepted that the
inert gas pressure gradient is the driving force in the equalisation
of nitrogen partial pressures between the breathed air and that
in the blood and tissues. The rate of this equalisation of
for the uptake and release of inert gas is exponential, and here
is the first question —is it the same relation during descent-
bottom time and ascent-decompression? We say that it is the
same: the half-times are the same for nitrogen uptake or release.
If pressure gradients and exposure times are known, the
equalisation can be calculated by means of half-value times:

PIN, =(Pamb, —0.063) - 0.79
(PIN, incl. Argoa) 0.063= PH,0 at 37° C
PNL(E) =PN. 0101+ [ PIN, ~PNe00)] - [1--0.69315  tEit—1]

tissues, represented by different half-value times, and the
ambient pressure where no symptoms of insufficient
ion appear is lincar.

Pamb. tol = (PNf2) X b

With this muivn. it is possible 1o calculate the tolerated
ambient pressure for every PNz and half-value time of nitrogen
(Figure 1). For 16 half-value times of nitrogen, we use 16 pairs
of coefficients a and b.

Nitrogen is the normal inen base of our common breathing
gas, air in the atmosphere. Other inent gases may be used, such
as helium. The longest half-value time of helium is 240 minutes,
and the tolerated partial pressures of helium are higher than the

course. values for nitrogen. For diving with oxy-helium we have to use
2 another spectrum of half-value times, and other values for
L PN,L(E) PN, in the tissue at the end of the exposure ients a and b, but incil i
PN} PN, in the tissue at the beginning of the exposure
PIN, PPN, in inspiration e
~ it is the base of natural logarithms, 2.71828
N,\ '3 time of exposure
Gl./(r—- 0_,0 n-t half-value time in munutes
The nitrogen partial pressure in the inspired air is the total
M MOODY pressure minus the vapour pressure, multipled by 0.79 (the

Expedition Leader

proportion of nitrogen and argon). Why the vapour pressure
in the airways and the lung? In deep diving — 300m — this is
a constant value, related to the body temperature, of 0.2% and
you can forget about it. During decompression, at a 3m stop,
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Titicaca Trials; Bolivia, 3800m a.s.l. (2)

o

f.h.Buehimann von der Medizinischen Universitastskiinik IH, Abt. fuer Innere Medizin. 3 NULLIEITEN und DEKOWPRESSIONSTABELLE
Es handelt sich dabei ue ein Perfusionseodel] ait 16 parallel angeordneten Kompartimenten,die jeweils durch eine Halbwerts- ' foer LUFT ]
zeit charakterisiert sind.Die Beziehung zwischen des Inertgasdruck ie rtisent einerseits und des zulaessigen Ungeb~ ] 1]
ungsdruck andererseits wird durch ein experimentell bestimstes,und jedes Kospartiment zugecrdneten Koefiizientenpaar fest- t fuer HOEHE: 3800 @ u.M. 1)
gelegt. PAITL11011t 1111
Die Werte der Koeffizienten entsprechen des Stand der Forschung Herbst 1986 und sind fuer Luit,NITROI-,HELIDK- und TRIMIX
~Genische verwendbar.Teilweise oder vollstaendige Dekompression mit (00X 02 ist ebenfalls moeglich.
T I\ DEKONPRESSIONSHALTE (A 1 L V! WARTEIEIT | ENTSRETTIE- | KRITISCHE KOWPARTIWENTE IU BEGINN I KRIT. IUSTAENDH

Programs  : CAP GEMINI (SUISSE) AG 1 E4 fUE UE! BISFLUE | UNGSIEIT | JEDER EINZELNEN DEXDMPRESSIONSSTUFE i

SOFTWARE DEPARTENENT E It Tieten in neter F1 FRI ' i i
Programeer : B.Mueller F T 1 Tleiten in minuten ITT THi t ! 1.No: tiefste ’Safe Ascent Deoth’ i
Eingabe (#1): KDEFF.Bi&6 E i t = Rileit/No otiG iZeit/No ptlGl 2.Mo: laengste Haltezeit iNo/pt16  No/ptI.

Eingabe (¥21: DTAB.TIT
Ausgabe (¥3): EXPEDIT2,TIT
Datus i B-T-n

swini2i 181512 9 b 4 Zimin o3 I Std 4 bar | Std ® bar 121 18 15 12 9 & 4 2 1% bar 8 bar

la,Hoehenlage (Hoehe 1) m u.

2a.Oberfl, -Luftdruck Hoehe | = LA .

Ja.alv. K2-Druck (Doerfl.Hoenfl 1)= L H’ "l“""‘-‘\— Ledter ¥ NULLIEIT= 457.3 win (inkl. Abstiegszeit= 0,45 ain) / Koapartisent=10, PTIG(1] = 1,043 bar

4a.alv. HE-Druck (Dberfl. Hoehl\z

Ta.konst. NZ-Anteil Oberflasche = 79.0 1 60! 11 2.8710.00/ 1 1.092110.5/15 0,514} 1 8/0.909
Th.konst. HE-Anteil Oberflasche = 0.0 % 51 11 5.0110.007 1 1.092111.4/15 0.518! 1 610,928
Ba,konst, N2-Anteil waehrend T6 = 79.0 X 13 to1 3.3500,00/ 1 1,082112,2/15 0,520 i 600,947
Bb.konst, HE-Anteil washrend T6 = 0.0 % 75 11 3.5810.00/ 1 1,092113.0/16 0.513! | 6/0,963
9. konst, Wasserdampfdruck 0.063 bar 8! 1 3.8210.00/ 1 1,092114,0/16 0,5161 1 610,978
10. konst. CO2-Partialdruck 0.053 bar 851 11 8.0610.007 1 1.092114.9/16 0.5191 | 60,992
11, Respirationskoet{izient 0,800 901 11 4.3010.00/ 1 1,092!15,7/16 0,523 | 671,004

12a.Drucksteigerungsfaktor
12b.entsprech. Wasserdichte
13, konst. TIEFEN-Tuschlag

. .
12 NULLIEIT= 146.5 min (inkl. Abstiegszeit= 0.60 win) / Kowpartiment= 7, PTIG(1] = 1.220 bar FI rSt Ve rS I O n Of

e 14, sultipl. TIEFEN-Iuschlag 01 11 3,4310.00/ 1 1.282114.2/16 0.517} i /1058
15, 2us. (-1} b1 7200007 1 1.282115.4/16 0.5211 i 671,084
[ - 16, konst. Tiefenzeschl, DEKD 701 b1 4,0000.00/ 1 1,262116.5/16 0.5261 | &/1.108 L]
Bl 17, aultipl. Tiefenzuschl.DEKD ™ i1 8.2800.00/ 1 1.282117.5/16 0.5311 | 81130 a e
| 18, Aotauchgeschwing. (komst) .0 n/ain i b1 45710007 1 1,282118.4/16 0.5351 1 671,150 )
19. Auftauchgeschwindigkeit in ) P4 4850000/ 1 1.282119.3/16 0.5401 | 6/1.168
21. Sperif.Luftvertr. (Qberfl.) 20.0 L/min. foar i b1 5.1310,00/ 1 1,282120.1/16 0.544) |

S calculated for

kostufen-Sicherheit &

- 2%a.Kabinendruck 1. Wartezeit 0,577 bar
]  22b.Flughoehe n. Kabinendruck 4500 » 15 MULLZEIT= 77.2 min (inkl. Abstiegszeit= 0.75 in) / Kospartisent= &, PTIG[1) = 1.307 bar
23a.Kabinen-N2-Partial druck 0,417 bar -
= 23b.Xabinen-HE-Partialdruck = 0.000 bar 0! ' 14571 9.0/14 0,519} |42 571,064/
e, leitloser Aufstieg bis Flughoehe (THFLE=0.0 min) -1} ! 10.4/15 0,513 | AL272 511,126 exaC a I u e
24, Entsaettigung bis PIGSRFI ¥ 1.050 40! ! 11.9/15 0.5211 } 41323 571,180/
25, Grundzeit = Abtauchzeit + leit auf Tiefe L [ B 134716 0.514) 1368 571,228/
26. Aufstieg INISCHEN Dekostufen NICHT beruecksichtit. 50! b2 3.3400.00/ 1 1.462118,9/16 0.5201 1 47139 5/1.270/ .
27. alle Dekozeiten auf GANIE Minuten aufgerundet. 8 b2 B.6700.007 1 1,46218,3/16 0,5261 | 471,427 5713004} l I l u y
8. Walbwertszeiten,Koeffizienten, tol. Oberfl,.-Kosn,-druecke,K’-Initialdruecke, proz. Saettigungsorades 60! 12 5.9910.00/ 1 1.462:17.6/16 0,531 P S/L.339 471,200/ )
Huer N 851 I 2 .3210,00/ 1 1,462118,8/16 0.5371 1 B/L.258 774,090/ 5
701 {2 4,6510,03/ & 1.268119.9/16 0.5431 | 6/1,268 7/1.120/) L]
No T2 Dkons. Fakt. a Fakt. b ptIGtl ptlei  GATH 751 |2 A9810.06/ & 1.295120.9/16 0.5491 1BIL295 TILL149)) ad a pted Wlth O ut
b win lain bar s bar bar 13 80! 20 & 5.3610.08/ & 1.298121.8/16 0.555) &b | 6/1.298 7/1.163/ J
= -1 41 b 5,740,086/ & 1.295:22,7/16 0.5401 6/b 1 B/1.295 T/1.1734)
4,00 0.17329 1.25940 0.50500 2,507 0.459 18.30 w01 §1 7 6.1010.08/ & 1.301123.4/16 0.588% LI

1

2 8.00 0.08h64 1.00000 0.65140 1.%7 0.859 23,32
312,50 0.05545 0.86170 0.72220 1734 0.459 26.45
& 10.50 0.03747 0.75610 0.78250 1.561 0.459 29.38
5 27.00 0.02567 0.66670 0.B1260 1.2 0.459 3181
b
1
B

B safety margins for

18 ‘rNULLIElP 47.5 min (inkl. Abstiegszeit= 0.90 win) / Kompartiment= 4, PTIG(I) = 1.561 bar

' P2 Z3110.00/ 1 1.627410.8/15 0.515 1 I/L519
38.30 0.01810 0.55950 0.B4340 1.307 0.459 3.1 351 |2 2.68:10.00/ | 1.631112.4/15 0.5241 | 41,43 d e pth
55,30 0.01257 0.49470 0.86930 1.220 0.459 37.61 L |2 3.0610.00/ 1 1.632118,4/16 0.518) P /1A% Y
77.00 0.00900 0.45000 0.89100 1.157 0.459 39.64 L |2 3.4310.02/ 4 1.580116.1/16 0,525 i 4715400
9 109,00 0.00636 0.41670 0.90920 1.112 0.459 4126 i 11 3 3.8310.02/ 4 1.553117.7/16 0.5321 A4 1 4/1,583
10 14600 0.00475 0.37980 0.92220 1.063 0,439 43.15 551 20 4 4,2310.05/ 6 1.289119.1/16 0.539: A% 1 571434
11 187,00 0,00371 0,34980 0.93190 1026 0.459 M.71 [ H & b 4.6610.07/ & 1.304120,4/16 0,588} A6 1 6/, 308

12 739.00 0.00290 0.32230 0.94030 0.992 0.459 46.22
I3 305.00 0.00227 0.28480 0.94770 0.950 0.459 48.30
1 390,00 0,00178 0.27370 0.95440 0.934 0.459 49.12
15 498,00 0.0013% 0.96020  0.%09 0.459 50.49
835,00 0.00109 0.96530  0.886

=

MULLIEIT= 33.3 min (inkl, Abstiegszeit= 1.05 min) / Kospartiment= 4, PTIG(L] = 1.5&1 bar

1540} 3.9/11 0.514 116/0.475
0.459 51.80 1644} 5.2/12 0.515% 1AL
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dmpression limits

UEBERSICHTSTABELLE ZU DEN NULLZEITEN / STATISTIK

o e e o o o S

i ABGER. |

;
{ DRUCK  $N2-DRUCK!HE-DRUCK! ZEIT INULLZEIY:NULLZEIT! : ;
: : First version of

[aind |i Cmind | NDL-table;

""""" calculated for exact
altitude (3800m);
fully adapted;
without safety
margins for depth;
v_Dsct=20m/min

o - - -
"
"
"
n
1]
"
"
1]
-+
n
"
"
"
1]
"
n
[}
o - -
1
1
1
l
i
1
1
I
+ e
]
1
1
1
1
1
1
> = e
1]
1]
"
1]
1]
1]
"
=
-+
1
1
1
]
1
]
1
1
-+
—
"
"
"
[
1]
]
1
I
]
1
1

—===-====

1.495 1.142 0,000 0.45  437.3| 437
1.784  1.370  0.000 0.60  146.5] 146
2072 1,598  0.000 0.75 11.2 77
2,361 1,826  0.000 0.90 47.5 47
2.649  2.054 0.000 1.0% 33.3 33
2,937 2.282 0.000 1.20 24,2 24
3.226 2,509 0.000 1.3 9.3 19
3.514 2,737  0.000 1.30 15.3 13
3.803 2.965 0,000 1.65 12.7 12
4,091 3.193 0,000 1.80 10.9 10

b §
4.668 3.649  0.000 2.10 8.5 8

1.6

7
\ s

==IZZ=Z=== —_————==cc

o

[ N I O N N I N P P I - S
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e Titicaca Trials; Bolivia, 3800m a.s.l. (4)

u

16.1.87 I Dekompressionstabellen 25601 - 4500 miM. ZH-L,, Version BlBarachnungen von “Hand",
erganzt mit dem Computer, B. Muller. “ -
P amb. 0.577 bar, PIN; 0.406 bar, PN; 1. 10 0.416 bar (adaptiert).

Tiefe Zeit 12 9 6 4 2 | RG Tiefe Zeit 12 9 6 4 2 |RG

m min m min

9 204 11 G 36 8 1 D

12 88 1 G 12 1 3]1D
100 6] G 16 3 4] E
110 91 G 18 1 4 6 F
120 13| G 21 3 5 71 F

15 50 1 E 24 1 4 6 11 F
60 2| F 27 3 4 7 14| G
70 8] G 39 7 11D
BO 141 G 12 2 4 | E
90 2] 6 15 1 4 5| E ]

| @ 1o gl vz s sl Final table, calculated for up to
50 7] F 24 a 5 6 14| G
23 HRH K =T gl 4500m (reason was also a
22 1] D 12 1 3 4 | E . . .
2 HE o SRR S probable evacuation flight with
e 3 w0 2l 2 5 8 )6 -
o R il Ll helicopter).
60 8 18] G 12 2 3 5 F
16 1 D 15 i 3 4 7 |F
25 4| E 18 3 4 6 11 F
2 oin e ]
% 2 5| ¢ : s Sth s le Parameters:
;3 SR A e e
14 1 D 18 1 4 5 6 14 |G -ZHL-16B
20 41 E 51 5 1]c¢
25 2 61 E 9 2 2 6 JE
30 6 TikeE 12 2 aar 4 AdkE - | | adabpitegd
] AR A w2 8 5 7 e
s 1K 0 5 SRS - Upper altitude limit: 4500m a.s.l.
: R -
L G s ol - Added safety margins for depth
9 1.5 B .
12 . e - descent rate of 20m/min
;8 3 &1E .
i $ 5 3F - ascent rate of 10m/min
27 1 3 6 11 G

AA. Bihlmann
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,Gentlemen, whatever happens,
stay British!“

To save the honor of Switzerland, it must be said that the Swiss
Embassador also gave a farewell party to the expedition team.
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Titicaca; Bolivia, 3800m a.s.l. (6a)

T "
" bmpressor maintenance was a continugus operation, starting first thing in the morning was
EX PADDINGTON DIAMOND it sbisittas
TEAM MEMBERS

A Goodwin MV Ince M Strickland F Walker

Bosts Asst Admin Diving Officer Trg Officer
M Moody J Beatty D Laut R Wilde D Morgan - Jones M Duffin
Expedition Lesder Equipmants o Catering Medical Officer Stores

P Rheiner W Keusen R Dally
Medical Advisor Tach Advisor Asst Eqpts Admin Officer

Routine blood pressure tests.

Capt Strickland and Cpl Beatty our two mechanics
45

Final comparison prior to the dive.
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Titicaca; Bolivia, 3800m a.s.l. (7)

Capt (OBO) M Moody RAOC

_m—— ——

Osnabruck Mil Ext 7295
Professor A A ‘Buhlmann

Medioal Climie .
University Hospital
tarich

CH 8091 Switzerland
EVecs R |
Ve are now safely back from Bolivia and everything went extremely well.
I would 1ike te visit you together with my Oiving Officer Capt Maleolm
Stricklend 2%/2% Juby if that is convenient.

—

| - L "\ i

We shall also be visiting UWATEC to discuss their Aladin during this period.

Our results coaparing your tables with Aladia and Deco braim vere very in-
teresting and I shall be giving a walk to the Diving Officers Conference
in London im November and hopefully persuade them to adopt your table
however we will talk further in Zurich. :

Copy to

Hr B Mueller
Dy P Rheiner
Mr ¥ Kuesen
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,iticaca; Bolivia, 3800m a.s.l. (8)

EXERCISE
PADDINGTON
DIAMOND

Report: 78 pages,
3 weeks, 17 divers, 290 dives,
5-39m, BT=11-52min
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jake Titicaca; Bolivia, 3800m a.s.. (9

SHEET No. 20

SCIENTIFIC STUDIES
& EXPLORATION GROUP

1987
REFERENCE EXERCISE PADDINGTON DIAMOND
TEMPERATURE
1 AIR 12¢ DATE. 250587
2 5m 1ic TIME. 0900
o o 1M0m 13c LOCATION. Camp Bay
NO STOP LIMIT COMPARISONS 4. 26m 14c (3Bm 11c) SADS. Strickland
5 AMBIENT PRESSURE 638
AIR AIR TIME TIME TOTAL DEPTH REMARKS
] other tables NAME IN  OUT N ouT TIME
- found not to be Wilde 185 100 0912 0926 14 (353 ) Deco 9.38
= . Laut 185 80 Sur 82mins
= conservative Strickland 180 130 0928 0943 15 357 Deco 8.18
— M=ms Carvajal 170 100 Sur 63mins
- enough... Dally 180 90 0952 1004 12 36.7 Deco 8.10
e Beatty 180 125 Sur 63mins
- " Walker 195 100 1009 1021 12 36 Deco B.47
- z Calla 170 70 Al T Sur 77mins
EI e Cordero 180 BO
& Moody 190 140 1013 1037 24 43 Filming
E Goodwin 190 140 ,
- Wilde 200 170 1200 1210 10 a4 Frog hunting
% m Laut 200 160
s _| Calla 200 150 1200 1210 10 4 Frog hunting
Carrasco 200 155 \
el could that be a
t 1 secret tactic of
3
Fay ) B g
: . the British army?
1\ 19 il n 2|Z Z|3 lll }I! JL 2!7 ZL IL 1.1 SI! é lts Sll SIB SIE Sl’ :\L le IL 4|| ‘Il ‘.L ‘L ‘L L 4IT Jn ;‘
| DEPTH IN METRES 2
T l
B/MANNA S BER TR AR T TR R TR S &
Bsac O 57 % 18 2 7 n 20 1w 0 14 " 10 ] =
RN O 80 40 30 2% 20 17 14 9 P
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ago di Lucendro Trials (1)

A—

ndro; Gotthard, 2134m a.s.l.; 23.8.1986 (1)

a0 h|

defla valiatta
. e T _
A 2435 0 Wy,

i-'-G apanpa
““rella Gana- ..
= 2232 mOM,

& 4
e T
™

© = AlpSuiity
S WTTST Y o7 [

Z1BT MM, S rmai

s |
e

p e

Slauseae Lucendro

2134 m 0.M.

.

T S e

5 I%I
S8 O :
i .

AT

Motlolone
160 m .M.
. 5
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ago di Lucendro Trials (2)

-

A—

- ’ ¢ e
P o 7 purtornid | 4 -2 :
Gruppe Name Vorname Jahrgang Tauch- _JG'zeit Zeit- Dekompression Bii Tab 83 Bii Tab 76
Groupe Nom Prénom  Année tiefl Tempsde zuschlag Décompression inkermedt obvd
: Pro-| =f|séjour  Adjonction (durdyael 1) Giw ate) (evd)
fond:auri L de temps 6m 4m 2m 6m 4m 2m I0m 7m 4m 2m
1 Stettler Roger 1946 30m| ¥ |16 - 3 ¢ 8" 4 D T 10"
Looser Heinz 1950 29m| ' |16’ = R 4 g T 10'
Ziegler Jiirg 1950 29m| ' |16' - £ 8 : g < )y i< 10" y
§ 2 Ronzani Aldo 1965 33m| 7' |18 - 1 e | & 2' g T 18'
Pollini Mauro 1954 33m| 2' |18 - s g | 8 2' - AR i 1§’
Karlen Silvio 1954 33m| §* |18 - - 2 | B 2' g .7 18

Looser Vinka 1852 36m| 3' |16’ - 2 S 4' e 17
Biihler Armin 1956 36m| 3 |16’ - 2' | 8 e P8R
- Keller Peter 1944 36m| 3' |16’ - ¢ CREE ¢ T £ W
4 Hiisler Gerda 1953 31m| 3 |15 - ¢ SIS RN N gy
g Gétte Georg 1950 36m|2' |15’ = ¢ 4 3 8 A
Baer Marcel 1943 3sm| 3* |15’ - 5 ¢ "R N

5 Weber Christoph 1968 32m 3: 15' - i g T R
Wohlgemuth Hans-Jérg 1952 32m| 3" |15’ - 1 3 C SR

Intervalltauchgang: Oberflichenpause 60 min./ Plongée successive: intervallelde surface 60 min.

6 Weber Christoph 32m 2' 15" 9'/¢' I' | P! o 0% 3 g 9 24
Wohlgemuth Hans-Jérg 32m| 1’ |15’ 9 ¥ ) S A 3 g 9 24
\ m—

* Grundzeit inkl. Abstiegszeit, d. h. die Gruppe 1 tauchte in 4 min auf 29-30 m ab und blieb dort 12 min. Die Gruppen 2 bis 5 orientieren sicham Decobrain
oder an der provisorischen neuen Tabelle 701-2500 m ii. M.

2 days, 14 divers, 16 dives, 29-37m, BT=15-18min

(from 1984-88: 50-60 divers, 55-60 dives)
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zago di Lucendro Trials (4)

Universitatsspital Zurich
Departement fur Innere Medizin
Medizinische Klinik

Direktion:

Prof. P. Frick
Prof. A. Labhan

Rémistrasse 100, B091 Zarich Herrn
Telefon 01-255611M Beat Miiller

Divetronic
St.Gallerstr. 119

8404 Winterthur

Zirich, den 25.8.86

Lieber Herr Miller.

Der 23.8.86 auf dem St.Gotthard war eine Hohepunkt. Sehr gute
Organisation, 16 Tauchgdnge im Lago di Lucendro, 13 Tauchgdnge
davon 2 als Wiederholungstauchgdnge zum Auswerten.

Beiliegend im Doppel das Protokoll. Auch wenn wir den Angaben
hinsichtlich Tiefe und Minuten immer etwas skeptisch gegeniiber-
stehen, so ist doch eines ganz klar: Fiir diese Tauchgﬁngeﬁm Be-
reich 30 - 36 m geben der Decobrain bzw. die neuen Tabellen fiir
kurze Tauchzeiten verniinftige {ekompressionen. Ich habe bei dieser
Gelegenheit erfahren, dass die Gruppe 2 regelmdssig mit dem Deco-
brain in Bergseen taucht. Herr Karlen wird jetzt protokollieren.
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Muttsee Trials
(1988)
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ittsee Trials (1)

reconnoiter dives (A +2500m a.s.l.; 1988

...still the
highest dives
ever made in
the Alpes!

(left to right: E. Vollm, B. Muller, E. Lochbronner at preliminary dives
Muttsee, 1988)
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fluttsee Trials (2)

4, Verwendete Tabellen u. Computer
- mehrere Saetze von speziellen Tauchtabellen, mit folgenden
Merkmalen:
% Beruecksichtigung der Anflugsrampe
Beruecksichtigung verschieden langer Adaptionszeiten
Beruecksichtigung des Oberfl.-Luftdrucks gem. ISO
Einbezug einer Abstiegsrampe von 10m/min. beim TG
Einbezug einer Aufstiegsrampe von 10m/min. beim TG
hydrostat. Wasserdruck von Suesswasser
KEIN Tiefenzuschlag
Koeffizientensaetze ZHL-12 und ZHL-16; die jeweils
"kuerzeren" Tabellen wurden effektiv eingesetzt
- Tauchcomputer Deko-Brain, Prog. P2-2
Tauchcomputer ALADIN PRO, ZHL-6 (Versuchsmodelle)
Tauchtabellen '86, 701-2500m (zur Kontr.)

* ¥ ¥ % N F X

KURZBERICHT ZUM

— REKOGNOSZIERUNGS - TG

[
-
=]

IM MUTTSEE (2500m) VOM 27.8.88

6. Uebersicht der Tauchgaenge

Adapt. | Rep.TG? | Int'v.] Pers.} Profil | eff.Deko

D458 ol Mednvol fns=Sor el hi-30m /1150 Jobmf2.5% 5 2mf5.5"
1306% JorNedn ) droms o Lier 1400mnf 2R1e oAaf22n 4 2080
4150 4 "Ia 1-31350ul oo 00m ¢ 185N 4uAm/ 2t o S mf
4:50' | Ja 13§12 ). 1 5. 33m / 18} wenun 2m/2"

Die exakten Profildaten, sowie weiteren wichtigen Randbeding-
ungen, wie Luft- und Wassertemperaturen, verwendete Anzuege, An-
fahrtsrampen, Luftdruecke etc., sind den TG-Protokollen zu ent-

VERTEILER: - Prof.Dr.A.A.Buehlmann
- alle Teilnehmer

- G.Goette (Mitorganisator)

Wie erwartet, traten bei keinem der Taucher irgendwelche Symptome
einer inadequaten Dekompression auf.
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Muttsee Trials (3)

3.3 Tissue Tolerances (max. tissue pressures)
at fixed ambient pressure

%

p_TIGmax [bar]

3,5
* N2 US-Navy
PHe,PN3 at 1,0 bar o N2 Zurich

* He Zurich

longest half-time
Haldane

longest half-time

r_\ US-Havy

SKIN,MUSCLES

INNER EAR JOINTS,BONES

&

T
L]

J
A
' e T LT PR | I, P ] e T ST £ (T T ' I S | s
Nz2-1/2t 4 60 B0 0010 Mo 160 180 200 220 M0 300 an 500 M min
Ho-1/2t 7 mp—— 50 15 W om 150 190 m  min
Np-1/2t 2,65-635 min He-1/2t 1,0-240 min
Tolerated pressure of inert gas at an ambient pressure of 1.0 bar as a function of the half-val-

ue times for nitrogen and helium. *PN; calculated in correspondence with the tables of the US
Navy; “PN, and *PHe determined experimentally in Zurich.
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 MUTTSEE- {AUCHEN VOM24-1310.88

(Zuordnung d. Frefil kombinationen)

= - Tnkes TaYL (Rep.-Tauel g3nge.)
vall Ll
b2 23/24 [{Wirth¥/Goke ) | (20 [2|57[43 | Us[48 §

" 2] 29(48 Ruold/Beasger | 246 | 43 [ 2|5 |40 | U2 145 [Plnold [Beiss

U2 [48

e
=)

(45| Hallee [ Maer?|

e —

e [ 5

5

% mit T LA berechwet 3 MEE=231 Deko war disert
(Rest: BHL-12 [ TEC Spea.) Verberechnek

- - 1
# sem.Tab /80 (u\hpr’;c.h{- o4 g:ﬁ
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SMuttsee Trials (5)

2 days

15 divers

52 (56 dives)

28 first dives

24 repet. dives
depths= 24-58m
BT=12-25min

4 symptoms




nn Memorial Symposium 2019

6a

- I . 111 Weitere Auswertung nach dem Tauchgang
ry e
J
AR e Iy e el A6k Thichgengs BA . B e e in. Intervallzeit M@ [Besonderheiten
- . .
TO | dlve R Zeit bis Flug 2. h OB win.
:’ b} Display-Werte Entsittigungszeit 28.. h OF min.
- 2
- 11 Angaben wérend des Tauchgangs 3bA zeit | Tiefe| anz Dekosturen ATZ | Beme Rollende Nullzeittabelle
SR A i) | (/A (Min Yo | 20, | (Min)
o st % | 2 N AL o N B BT A
Zeit | Tiefe| RNZ Dekostufen
Bin.) | (/A0 Min.) ™ ur| 3 3 et tnin.) §99 |u¥ |2 0% [ 43 |do| 8 [—
1 |28 &
DECO - BRAIN Tauchoanoouswertuna o |g |'%H 31 o . e 2omacn . 35, win. intervatizett A2% [Besonderneiten
2 Alag | : Bl o] | Zeit bis Flug B ~ Min.
MEHEED |28 1 fntsattigungszeit L. h LY. Min.
I Angaben vor dem Tauchgang 29 | « o
e e ¢ lucl & 3 5 Rollende Nullzeittabelle
~ A © s
G| [ 20 9 1 riore 130 T[40 s0 T 60 [ 70 T80 [0 10
R s m 9ol 518 [ o1 [ 24 [ 27 | 30
[ Sl zeit (in.) §99 |32 |42 3013 (49 [AC] —
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7 AL [ Zeit bis Flug @ h 8 Min,
Unrzeit . M (4.T8)
e ‘ 2 Entsattigungszeit ZG h l&z Min.
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— y i de | ® 1 Aoneeh L. Min. Intervallzeit Besonderheiten
| [ Bt bls Flug. oo issiay Hin.
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fghe Uber Meer stk
+ ® N Entsittigungszeit ... [ Hin.
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Rt 1y Talehiong nein (%) Adsehion 4 1o | » < Rollende Hul|zeittabelle
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Martezeit bis Flug e | 7 Min, \\ WS L
: £l 4 4
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Protocol data, recorded every 1-2minutes and written on a wrist-slate
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see Trials (6b)

< ' !g‘p, Dive Record Form
fter dlve location by _{u/wu«xz, ............... tables: Biihlmann 0- 700 mO  Important notes

altitude 2 : © (m/ft above sea level) 1 701 - 2500 mJ

¥ : 1. full adaption: » 24 hrs at dive site

amb.pressure: ... TS0 (mbar) i 2501 - 4500 mO3 . non-rep, dive: surface interval 212 hrs,
PadE e B S o

A) Buddy team ( 4 ) B) Predive status

name : ) 5
dive age |hight [weight altitude Heparturd altitude [arrival | duration
Nials et (years¥(m/ft) | (kg) 1 (m/ft)| at 1 2 {m/ft) [at 2 (minutes)

1| it Beak
i W Trudy

=

To be filled out only, when NOT fully adapted
; 3 at altitude 2
C) Dive # 1 date: mﬂ.lo.gﬁ amb.pressure: WJ {mbar)  amb.temp(air): ,.... (°C)  water temp: ..... (2C)

for rep. divesonly
Yivan start | adaption|rep.dive| RG at end surface |RG RNT** [eff. descent [max. table sche- effect. decompression RG at time suit
R time {y/n)* |(y/n)* |lprev.diw|interv. |this divd (min.)|bottom time depth [ldule ead of [resur~ | (u/d)mes
(min.) time (mine) Loffe) Jrapenpe s (g Ll‘ 7 Hive faced
b — — : c
A% N [ W - 12| 2 |2 Qi 23| T [ A
2 L Il b == = = e It 1 I l It It n t 0 ]
*®y =yes, n = no **residual nitrogen time FhRyoyet
: d=dry
D) Dive # 2 date: ’2?? L@,SX amb.pressure: ..... (mbar) amb.temp(air): ..... (°C)  water temp: ..... (5E)
fa rep. divedonly :
Atien start | adaption|rep.divd|RG at end surface| RG RNT**  eff. descent |wax, table sche- effect. decompression RG at time sult
time (y/n)* |(y/n)*® [Iprev.dvd interv.| this (nin.) fbottam |ftime depth dule end of |resur- | (w/d)**
{uin,) i vn tiee  f(nin.) Ka/Me) ; 0 s P T
3 , / -~ e : [ A}
ol LA NN N EOIREN | BN 252 TG
? W Ry ‘e i i G Lo a | w i~ b f

Protocol data transferred from wrist slate notices, filled

out during the dive; Deco Brain readings (here: P2-2).
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Analysis of Open Water Dives at Altitude 1988

C) experimental dive weekend of october / ZHL-16 schedules

10.88)

minutes two days before (21

NOTE: 1) ascent from 800m to 2500m was done by helicopter in
10

R e S et SR PR

]

muscles,

-altitude }-adapt.time
-max.depth; -bottom time

=deco-stop,-stop time

-(interv.),-interv.time

—

Fooooooooo
i
1

4

gl

total
Finsnefriesnsssafiesenensal

* calculated
with ZHL-16A

L e

ivers,

56 dives, 24-58m

2 days, 15 d
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B Dives at Mount Kenia

- =
m— ! -
- -

(1988)
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es at Mount Kenia 1988

~ private expedition of 2 Swiss individuals
(M. Weber, W. Keusen)
at that time M. Weber was living in Kenia
at approx. 1800m
W. Keusen came directly from Switzerland
both used special designed Aladins
breathing gas was air only
all dives with dry suits
on ascent an intermediate stop was done
at approx. 3500m
overall duration 8-10 days
in total 18 dives between approx. 4400m
and 4780m
depths in the range of 10m-15m, bottom
times 20-30min
No DCS symptoms of any kind but
exhaustion due to lack of enough oxygen

(data obtained from private communication with Mr. Weber)
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Results and
Consequences
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_:’i:t' and Consequénces (1)

.
y 0
Trom the beriod O oOFo N ole

testing and operational ,envelope*:

emely broad range of diving candidates
'itudes from O to 4780m asl (chamber: 4200m asl)

'Single and repetitive dives (up to 3 consecutives); surface intervals
< from 10-120min
= ,_L,_ ~ Tests done with drastically reduced stop times
‘L- ~~Chamber and real dives
— ~ Depths down to 500m and even 575m (chamber)

- Bounce dives and saturation dives (30m — 220m)
Recreational dives and hyperbaric work, from minutes to hours
Tables and computer with several 100000 real dives
Air, nitrox, heliox, other mixed-gases, O2 decompression
Extremely reliable for multi-gas diving and adaption

In short: one of the best tested and proofed systems ever!

[ J
([ J
o
lﬂ

-
e
—
— -
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3sults and Consequences (2)

p_amb.tol. [bar]
3o =

for just ONE tissue
(t4,=54.3min)

Careful analysis of hundred of
dive profiles executed with
dive computers led to a
refinement of the underlying
set of coefficients towards
higher tolerated ambient
pressures (reduced gradients)
for a given tissue inert gas

pressure.

\ 4 v
| J | 3 g ' 1
2,0 2,5 3,0 3,5 4,0 4,5 5,0

p_TN2 [bar]

- a¥alV, aVaWa aa
C U WA'AY, Ul C C

change compared to US-Navy
and the original ZHL-12 limits.

NOTE: - dotted lines (P2-2, P2-3) are from
DECO-BRAIN II dive-computer
- subjects: number of test persons

- the more LEFTwards the lines are, the
more conservative (lower) is the tissue
tolerance level



Values attained by using ZHL-12 and ZHL-16B

NDL times in [min]

Altitude range [m a.s.l.]

Altitude of adaption [m a.s.|.]

Altitude of calculated dive [m a.s.l.]

Ramp to upper range limit [hr]

Surface Interval at dive site before dive [hr]

0-0
0

0-700
0
700
no
0

701-2500
701
2500
1
0

2501-4500
4500
4500

no
>24

4400-4800
4400
4800

6
3

6
9
12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60

Depth [m]

204
88
50
32
22
16
14

AP OONN®OD

S o SN WO
ChrONOINOOSHROONO OO

bold values: as published on tables
blue values: added by calculation




e

Biihlmann Memorial Symposium 2019

.

3sults and Consequences (4)

iy

NN O A

Nullzeiten in Fkt. der Hohe 4.M. /

No-decompression Limits as a funct. of Altitude

s =SS s S G

500 -
7} .
450 \ Altitude Ranges [m a.s.l.]
—0-0
| R —0-700
——
= = 350 ~701-2500

£ \ A NDL@9m
3 2501-4500
2 300 +
~
= ——4400-4800
j§ 250 -
=
= \

200 A \

150 - \\

Y
\\ ANDL@12m
100 1 u\
50 o
0 T T T T T T T T T T T T T ——

9 12 15 18 21 24 27 30 33 36 89 42 45 48 51 54 57 60

Effektive Tiefe / effective depth [m]
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A verified set of 16 tissue
group halftimes and their
coefficients a,b for air with
adaption to table- and

4,0 0,5050 12509 12599 { 2509 computer use.
80 06514 10000 10000 110000 A similar set exists for

12,5 0,7222 0,8618 0,8618 0,8618 Helium.

18,5 0,7825 0,7562 0,7562 0,7562 VVIth more than 1 Inert gaS

27,0 0,8126 0,620 :
38,3 0,8434 0,5600 0.5043 breathed, resulting factors

54,3 0,8693 0,4947 0,4410 a, b are calculated on the
Ig;,g g,ggég g.ﬁg?f g,;ggg basis of their momentar
1460 0,922 03798  0,3500 tissue pressures.
187,0 0,9319 0,3497 0,3295
239,0 0,9403 0,3223 0,3065
305,0 0,9477 0,2850 0,2835
390,0 0,9544 0,2737 0,2610
498,0 0,9602 0,2523 0,248
635,0 0,9653 0,2327 0,2327
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3sults and Consequences (6)

file:vortwk00/courl0/1,78,+0

Beat Mueller

e Termination of project:

f s s s Report at the Annual

Instructor Meeting 1989
(summary of all high altitudes
test dives from 1984 to 1988)

Vortrag anlaesslich des Tauchlehrer-wK der
Region DRS vom 1.4.89 in Nussbaumen
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“Practical Applications
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cal. Applications and Special Environments:

“"’ ecompression in Space (Buhlmann's mvolvement W|th NASA)

_j Jre in space craft: 5 ->10.2 -> 14.7 psi
+100% O, -> 26.5% -> 21% (today)

:2: ssure in EVA suit: 3.75-5.8 psi
=05-content: 100% O,
e
= .vN"‘SE Fptot-EVA (max) = 14.7*0.79/:4 = 2.9 (too high!)
tak‘é’longest half-time -> max. pN,-ratio = 1.27

= EVA'Q, pre-breathe time: approx. 30min 3

E VA: extra-vehicular act/wty
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Cabin Cabin Oxygen EVA Suit EVA O, Pre- EVA Prebreathe
Pressure, Concentration, Pressure,(" breathe Time, Conditions
kPa (psia) volume % kPa (psia) minutes

Mercury 34.5 (5) -
Gemini/Apolio 34.5(5) 25.8 (3.75)
Skylab 34.5(5) 25.8(3.75)
Shuttle 70.3 (10.2) 29.6 (4.3) 40 In-suit (after 36
hours at 70.3 kPa)
101.3 (14.7) - 29.6 (4.3) 24013 In-suit

101.3 (14.7) 29.6 (4.3) 120-140 Mask and in-suit;
staged wlexercise

240 In-suit

Salyut, Mir, 7 101.3(14.7) 21 40.0 (5.8} 30 In-suit
|SS/Russian
References: Carson, et al. (1975), McBarron, et al. (1993), Waligora, et al. (1993), NASA, (2002), NASA (2003).

(1) 100% oxygen.
(2) In earlier versions of the Orlan suit, the pressure could be reduced to 26.5 kPa (3.8 psia) for short-duration work regime.
(3) Under emergency conditions, a minimum of 150 minutes of unbroken prebreathe is recommended.

from Scheuring et. al., "Risk Assessment of Physiological Effects of Atmospheric Composition and Pressure
N in Constellation Vehicles" 16th Annual Humans in Space, Beijing, China, May 2007
@ UNIVERSITY OF Fundamentals of Decompression

MARY | AND 26 ENAE 697 - Space Human Factors and Life Support
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scuweiz (L) wirz 2019 | Scott Kelly verbrachte fast ein Jahr auf der
. . Raumstation ISS. Der gefahrlichste Moment?
- - Als er aus der Luke stieg zu einem...
dig | AUSFLU
12€S SFLUG

' INS
DRAMA:EINE | RATGEBER:
GIFTSCHLANGE | SCHONE NEUE

‘ BEISST ZU TV-WELT hd
| ZURUCK INS LEBEN
o| Neue Therapien bei Schlaganfall !

, Vgﬁl]}l]?’ﬁEslIEE? == Ich bin seit 5.30 Uhr auf r.IvnH-i-

Warum das normal ist. Und was nen” Ich |.|_J=_ll|:_l- eine Windel an und
Sie dagegen tun kénnen !

seme 0 dariiber flissigkeitsgekil hlte Unter-
PHYSIKER BEN MOORE

UBER MOND UND MUSIK _ wiische. Nach dem Frithstiick ma-

SEITE66

CHRISTOPH WALTZ UBER MANIEREN y : ...t.l ... i‘...lll :‘I]i'l. i.l' ‘.!il'j. Ll“'lll' %ﬁlll.g :{l]' I -LI |-1-.

VERBESSERN SIE IHRE HALTUNG
DAS GROSSE OPERN-QUIZ

w / schleuse. Kjell und ich atmen eine
e Stunde lang reinen Sauerstoff, um
den Stickstoffgehalt im Blut zu senken
und uns so vor der Dekompressions

krankheit zu schiitzen.
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ing (1)

of special tables for Olivier Isler's Doux de Coly
and his push dives with OC systems (1989)
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ving (2)

‘of special tables for Olivier Isler's Doux de Coly Expedition
sh dives in 1989 with OC systems.

-

SICHERSTELLUNG )
O.TSLER [Doux Delon!

M o

KKOEFE,TCE  Toles OUT
*ISLRRROF.TAE  403.89

MTH

SWITZERLAND

Data Safe

[

Buchaly &
uchaly &~~~ Waldbrenrier

= e e Bl P et | A

Two years later, in 1991, Isler reached 4’055 meters (13’303 feet) in Doux de Coly
with his self-developed RI-2000 double-rebreather. In 1998, Isler arrives at 4’250m

at a depth of -35m.
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LApplications and Special Environments:
@s Technical Diving

'
= .

ZHL=16x used as a basis
=== for calculation algorithms in

= various decompression
—computers AND simulation

-
—
—

- software.
It has been further refined
by the Gradient Factor

vietnoqa. pbopula NILT

* Swlitch to Trimix'bottom gas '
T Switchto Oxygen 1

Depth (msw) (fsw)

Inert gas tension (bar)

e
T T
S8 —

—

=
R
.

technical divers.

Run time (minutes)

Calculated inert gas uptake and elimination with gas switches
for decompression (Tmx, EANS0; O2, air)
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al-Anplicatior d, ' ironments:

;omputers
hlmann, RGBM, VPM, combined; gas- or non gas-integrated, storage of up to 10

..and many, many more...




2 y })
h

...and don‘t let the DKL die!
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Contact the author:

Beat Muller
Grossmattstr. 8
CH-8964 Rudolfstetten
+41 56 631 25 25
btmueller@bluewin.ch
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Request for ppt-presentation: use order form or send request
to btmueller@bluewin.ch
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Appendices

Program and Fa Members of the

Symposium 2019 (4 frames)
References (4 frames)
Further Publications (3 frames)
The Deep Diving Research Laboratory of

the University Hospital of Zurich (DKL) (15 frames)
Early Deep Diving Trials (6 frames)
Perfusion- and Diffusion based models (6 frames)
The Linear Perfusion Models ZHL-12/16 (8 frames)
Parametric NDL calculations today (6 frames)
Parameters for Buhlmann "86 Air Diving

Tables and later developments (3 frames)
Results and consequences (details) (9 frames)
Barometric Pressure as a function of

Altitude (2 frames)
Seawater Density (2 frames)
Deco Brain Trials (9 frames)
Decompression Problems in Space (6 frames)
About the Author (3 frames)
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B Program and Faculty

Members of the
Symposium 2019
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Seminargebiihren/Frais d'enregistrement/
Registration fees
Freitag/Vendredi/Friday
Taucher/plongeur/diver CHF 20—
Arzt/médecin/doctor CHF 50—
Samstag/Samedi/Saturday
Taucher/plongeur/diver CHF 50—
Arzt/médecin/doctor CHF 200—
Besichtigung Druckkammer frei

Visite gratuite du laboratoire hyperbare
Free visit of the decompretion chambre

Bitte Teilnahmegebiihr VOR DEM ANLASS auf das
Konto einzahlen:

Veuillez verser les frais de participation AVANT LE
SYMPOSIUM sur le compte SUHMS suivant:

Please pay the registration fees BEFOR THE EVENT to
the SUHMS account as follows:

UBS Ziirich

Kontoinhaber: SUHMS, Lerchenweg 9, 2543 Lengnau
IBAN: CH55 0025 7257 5938 5341 D

BIC: UBSWCHZHB0A

Auf Wunsch stellen wir lhnen auch eine Rechnung
aus,

Facture sur demande.

Invoice upon reguest.

Anmeldung/Inscription/Registration

Online: www.druckkammer.ch

oder/oufor

Swiss Underwater and Hyperbaric Medical Society
SUHMS

Secretariat

Lerchenweg 9

2543 Lengnau

Tel. 032 653 85 46

www.suhms.org / suhms@datacomm.ch

Referenten:

Dr. med. Daniel Blickenstorfer, Tauchmedizin SUHMS
Dr. iur. Thomas A. Bihlmann, Rechtsanwalt

Dr. med. Frank Hartig, Tauchmedizin

Dr. med. Francis Héritier, Tauchmedizin

Dr. med. Peter Knessl, Tauchmedizin, SUHMS

Prof. Dr. med. lacek Kot, former president EUBS
Prof. Dr. med. Alessandro Marroni, DAN EUROPE
dipl-Ing. ETH Beat Muller

Dr. med. Marc-Alain Panchard, Tauchmedizin, SUHMS
Prof. Dr. med. Erich Russi

Dipl. Physiker Albrecht Salm

Livio De Toffol

Dr. med. Jirg Wendling, Tauchmedizin SUHMS
dipl.-Ing. ETH Ernst B. V&llm

u.a.m,

Lageplan
@ Horsaal Ost
+ Druckkammerlabar
i NS

www.suhms.org / www.druckkammer.ch

»

- .

- S

Program of the Symposium 2019 (1)

Bithimann Symposium

Freitag/Vendredi/Friday
29.03.2019

16.00-20.00 Uhr/heure/hours
Samstag/Samedi/Saturday
30.03.2019

08.30-19.00 Uhr/heure/hours
Universitétsspital Ziirich
Kleiner Horsaal OST
Druckkammerlabor




.
Bithlmann Memorial Symposium 2019

—

- -

Program of the Symposium 2019 (2)

Im Marz 2019 jihrt sich A. A. Biihimanns Todestag
zum 25. Mal. Die Schweizerische Gesellschaft fir
Unterwasser- und Hyperbarmedizin und der Verein
Historisches Druckkammerlabor Universititsspital
Zurich organisieren deshalb ein Symposium mit vielen
spannenden Themen und Referenten. U.a. wird
Thomas Biihlmann, Sohn des Entwicklers des be-
rihmten Dekompressionsmodelles, Uber die tauch-
medizinische Forschung in Zirich von 1959 bis 1994
aus historischer Sicht berichten. Zudem stehen die
Raumlichkeiten des seit 2005 stillgelegten Druck-
kammerlabors zur Besichtigung offen.

Mars 2019 marque le 25e anniversaire de la mort de
A. A. Bahlmann. A cette occasion, la Société Suisse de
Médecine Subaquatique et Hyperbare et I'Association
du Laboratoire Hyperbare Historique de I'Hopital
Universitaire de Zurich organisent un symposium avec
de nombreux sujets et intervenants passionnants,
Entre autres Thomas Bihimann, fils du développeur
du fameux modéle de décompression, présentera un
compte-rendu historique sur la recherche en méde-
cine de plongée effectuée a Zurich de 1959 a 1994. De
plus, les locaux du laborateoire hyperbare désaffectés
depuis 2005 pourront &tre visités. Nous nous réjouis-
sons de vous accueillir sur I'ancien lieu de travail du
prof. Bihlmann.

25 years ago A.A. Biithlman passed away. For this
reason the Swiss Underwater and Hyperbaric Medical
Society (SUHMS) and the Historical Hyperbaric
Chamber Zurich Association (DKL-USZ) are offering an
extraordinary memaorial symposium to all interested
divers and physicians with a series of interesting
lectures. Among others, Thomas Bihlmann, AA.
Buhlmann's son, who is engaged in historical research
about his father's diving medical work from 1959 to
1994, will present a report about this peried. In ad-
dition, there will be a unique opportunity to visit the
remains of the former Hyperbaric Chamber La-
boratory with a guided tour. We are looking forward to
welcomeyou at A, A, Biihimanns former work-place.

Freitag/Vendredi/Friday
29.03.2019

15:15 Registration

15:45 Opening

16:00 Current Diving and Hyperbaric Medical
Research in Switzerland

16:30 Rapture of the deep, new insights and
questions

17:20 Blhlmann and funnel chest? What is the link?

17:35 Decompression Maodels: «de-mystified:

18:40 General assembly «Historical Hyperbaric
Chamber Laboratory Zurich Association»

19:10 General assembly «Swiss Underwater and
Hyperbaric Medical Society»

15:40 Welcome Drink

Samstag/Samedi/Saturday
30.03.2019

08:15 Opening and Registration

08:30 Diving Medical Research in Zurich 1959 to 1994

09:10 A. A. Bihlmann - Beyond Diving Medicine

09:50 Coffee Break

10:10 History and Development of Decompression
Algorithims

11:00 Milestones of the Deep Diving Research
Laboratory Zurich

11:35 500 m Chamber Dive

11:55 Interview: Being Guinea Pig at 500 Meters

12:15 Lunch Break

13:00 Bihimann's Saturation Diving Algorithm, deep

mixed gas tables and how they changed
practice in occupational diving

13:35 Tables for Mountain Lake Diving
14:25 Biihlmann-Algorithms for Dive Computers
15:00 The use of the Zurich Hyperbaric Chamber

Laboratory during the late period 1994 until
today

15:25 Coffee Break
15:45 Is diving a stress for pulmonary capillaries?

16:35 The DAN Europe Diving Data Base: Diving
Modalities, Habits, Echogra-phic & Doppler
Bubble Monitoring, Risk Factors, Incidents &
Accidents

17:25 Extreme Recreational Diving

18:15 Farewell

Prasentationsfolien auf englisch, Referate in einer der
drei Amtssprachen (D/F/I).

Diapositives en anglais, présentations en allmand,
frangais ou italien.

Slides allways in English, talks in German, French or
Italian.
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R~ Chamber at University Hospital
S Zurich: water tank module
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Location:

Zurich, Switzerland

Operator: University Hospital, Ziirich

Manufacturer: Pressure vessels by Gebriider Sulzer, Winter-
thur, Switzerland

Completion: 1975

Technical details:

Operating pressure 0.5-101 bar

Dimensions of chamber 1 2 3 -
Diameter (mm) 2500 2000 2000 3500
Internal length (mm) — 3200 1600 —
Hatch diameter (mm) 800 800 800 1300
Volume (m?) 8 W65 22

Filled with air, heliox or pure oxygen; chamber 4 only water.

Purpose:
Development of practicable diving procedures for off-shore explor-
ation (field oriented)

Solutions for special problems of deep diving down to 1000 m in
form of basic research
Development of decompression and treatment tables

Development of decompression tables for high altitudes (mountain
lakes)
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Fig. 1.27: sectional view of
chamber systems
and dimensions

L L AN

Fig. 2.15: schematic diagram of monitory-, supply-,
and life-supporting systems and peripherals

1: wet chamber 10: air

2: high pressure sphere 11: helium

3: decompression chamber 12: compressors

4: pre-chamber/ lock 13: helium recovery unit

5: one-man transport chamber 14: chamber: air condi- 2 .

6: control-/monitoring centre tioning/treatment unit 1: wet chamber 3: decompression chamber
7: storage breathing gases 15: water treatment unit

8: oxygen : 16: medical surveillance 2: high pressure sphere 4: pre-chamber (transfer)
9: spec. gas mixtures 17: gas analyzing system
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Link to Photo Galery: http://www.swiss-cave-diving.ch/gallery/DKL-Zuerich/DKL-ZH.html
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o % 4 o (] (& Erstmals in d Schwei: :
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: o \a g m R b S r: g \{\i 500-Meter-Tauchgang
D8 R N & e N O N2 s e v hm. Im neuen Tauchsimulator des
(\H N \ % 5 2y b = o o &~ i 2 o

| i | gangene Woche die drei Wersuch-
| ‘ ‘ taucher Peter Ita, Miroslav Korie- ||

hweizerische Rekordtisfe von
| 500 Metern erreicht. Der Experl- |y
mentaltauchgang begann am Mitt- ||
woch, 22. Juni, um 9 Uhr morgens, T
Innerhalb von 50 Minutem wurde
‘ die Maximaltiefe erreicht, auf der !
die Taucher insgesamt 8 Minuten
verweilten. Der  anschliessende

Joo

kammer bei guter Gesundheit. Der
im Jahr 1975 in Betrieb genom-
mene neueentwickelte Tauchsimu-
lator lieferte im Rahmen dieses
Experiments den Beweis einwand-
freier Funktion simtlicher
Systeme unter hoher Belastung.
Konstruktiv ist er filr Tauchtiefen
bis 1000 Meter ausgelegt.

Livio de Toffol

2018

Livio de Toffol
ca. 1977
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...after a
successful trial
(chamber dive)
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Mr. de Toffol Prof. A.A. Biihimann

Mr. B. Schenk, former Technical
Director of the DKL
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environment has been questioned in the past. Trials
conducted led to a revision of practices and changes were
made to guard baok procedures. The SURVIVEX provided
the opportunity to verify the guard book in a realistic
situation.

The ELSS capability had not yet been conclusively
demonstrated. Pods which weigh approximately 100 kg
when fully laden with life support stores, food, water,
medications etc. can be posted by ROV into the escape tower,
providing extra time for the rescue forces to prepare.
Difficulties have been noted when trialling the pods and a
formal evaluation of the pod posting according to guard book
procedures occurred during BLACK CARILLON 98.

Monitoring System

How daes the RAN manage such a process? The
RAN has implemented an internal 2 stage centification
process addressing the material, engineering and operational
aspects of the SERS with an additional annual audit of the
system addressing these issues. The Remora is certified by
the classification authority, Det Norske Veritas (DNV) for
material safety with the recompression chamber suite
currently undergoing this certification process.

The SUBSAFE Board Submarine Escape and
Rescue Subgroup (comprising operational, medical and
engineering representatives) is responsible for ensuring no
hazard items represent an unacceptable risk prior to the
conduct of these trials and in future operations.

Australian Defence Medical Ethics committee
approval has been sought and granted for each phase of the
exercises.

Summary

The RAN has developed and implemented a
sophisticated escape and rescue organisation, the concept
of which is being adopted by other major submarine
nations around the world. The organisation includes not
only the material hardware but a framework for review,
accountability and progress. The Black Carillon exercise
series will be followed by future exercises planned to
maintain the momentum and in-house expertise in
submarine escape and rescue.

LCDR Robyn Walker, MBBS, Dip DHM, is Officer
in Charge, Royal Australian Navy Submarine and
Underwater Medicine Unit, HMAS PENGUIN, Middle Head
Road, Mosman, New Sourh Wales 2088, Australia. Phone
+61-{0)2-9960-0333. Fax +61-(0)2-9960-4435. E-nail
Robyn Walker 1501 50@navy.govau .
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MILESTONES OF THE DEEP DIVING RESEARCH
LABORATORY ZURICH

J Wendling, P Nussberger and B Schenk

Key Words
Decompression, deep diving, history, hyperbaric
facilities, hyperbaric research, mixed gases, research, tables,

Abstract

Berween 1959 and 1963 the deep diving pioneer
Hannes Keller performed a series of depth records using
heliox. He was assisted by the lung physiologist Professor
AA Bithimann of Zurich University. In 1961 application of
a modified multi-tissue, perfusion limited, decompression
algorithm for nitrogen and helium enabled an open sea dive
to 305 m at Santa Catalina Island off California. However
the price was a fatality. This dive was a break through for
commercial diving, proving the feasibility of deep diving
with helium.

A research contract with Shell, to develop
decompression tables for offshore work, allowed the
restructured research team at Zurich to construct a 100 ATA
hyper- and hypobaric, multichamber, research and treatment
facility, planned und directed by one of the authors (BS), an
engineer. Experimental dives were continued down to 220
and 350 m at Al\'emml.e UK. 1969, and o 575 m in
Zurich in 1981. The original decompression tables were
empirically modi

ed and became widely used. The
problems of calculated tables and true reality will be
discussed.

Altitude dive tables for scuba bounce diving were
produced to meet the needs of military and police divers in
Switzerland. Dive tables using the same algorithms as used
for the deep dive experiments were calculated and tested
for different altitude ranges. Bithlmann postulated a linear
relationship of his supersaturation tolerance coefficients to
the external pressure. In 1972 the first altitude table was
produced using a |2-tissue model and in 1986 the actual set
of tables was produced based on 16 tissues.

In a period of general rejection of any diving
practices using computers as on-line dive planners,
Bithlmann supported the adaptation of the Zurich tables for
diving computers. The 1986 model has been further adapted
to take into account workload, temperature, respiratory rate
and inadequate decompression procedures specially
considering the bubbles load of the lungs during certain
phases.

The actual activities of the hyperbaric facility can be
divided into the development of deep dive breathing
apparatus and research into clinical hyperbaric oxygen
(HBO) therapy.
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Figure 3. Compression and decompression profiles and gases used for a dive to 300 m (1,000 ft) for 5 minutes bottom
time, two subjects. (Figure 6 in Keller and Biihlmann!).
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Gas mixtures breathed through mask:

Bottom: 8% O,/ 92% He

500ft: 15% O,/ 60% He /25% N,
165ft: 30% O,/ 70% N,

133ft: 50% O,/ 50% N,

50ft: 100% O,

cut of external mixture supply from
outside tanks at bottom, Keller was

forced to breathe air on 300m /
30bar!)

An Industrial Adventure

( V’f'l\/(l/)/7t'f' (\FI(‘M'}I//




‘J];T-lmﬁ'ann Memorial Symposium 2019

e

Perfusion- and
Diffusion based
models




—
Buhlmann Memorial Symposium 2019

-

R

i;"-,a- sion- and Diffusion based models (1)

o

A

General ove

ifdifferent concepts have been used for decompression modelling:

, ."t assumes that dissolved gas is eliminated while in the dissolved
=phase, and that bubbles are not formed during asymptomatic decompression.

oy
.

p—

- = ‘th.e Second’ Wh ICh IS Su pported Bubble Grows if T > PsuesLe Babble Shrinks i 1< Poussie

Where PgussLe = Pampient + PeLastic + Pskin Where PeussLe = Pamsient + PeLastic + Pskin

by experimental observation, ainere Lol o P e
assumes that bubbles are formed oy
during most asymptomatic decom- ' Ry

JI C U C U C C

must consider both dissolved
gas - and bubble phases.
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erfusion- and Diffusion based models (2)

h

General D\

P essmn models tended to use the dissolved phase
d adjusted them by more or less arbitrary factors to serial compartments (interconnectec)
'risk of symptomatic bubble formation. Dissolved phase : : 5
are of two main groups:

=~ Par: allel compartment models, where several compartments

P

s = bvarying rates of gas absorption (half time), are considered
S .f‘.b'e)qst independently of each other, and the limiting condition is
— -Controlled by the compartment which shows the worst case for ParallEl compartmeits (independen)
- a specific exposure profile. These compartments represent

conceptual tissues and are not intended to represent specific

organic tissues, merely to represent the range of possibilities for

the organic tissues.

Parallel compartments (interconnected)

The second group uses serial compartments, where gas is
assumed to diffuse through one compartment before it reaches
the next.
Serial/Parallel compartments
A recent variation on the serial compartment model is the

Goldman interconnected compartment model (ICM). ) :
Different types of dissolved gas models
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erfusion- and Diffusion based models (3)

General over

I supersaturation approach
e first used a (fixed) critical pressure ratio between the sum of the inert gas in each tissue and
iding ambient pressure. Further research by Workmann, Buhlmann et al. suggested that the
was not the ratio of pressures, but the actual pressure differentials.
en ambient pressure, the M-value is the maximum value of absolute inert gas pressure that a tissue
artment can take without symptoms of DCS. M-values are limits for the tolerated gradient between
___ yressure and ambient pressure in each compartment
_.’Ih:rm-supersaturatlon approach
‘_7"'=A€6'ordbing to the thermodynamic model of Hugh LeMessurier and Brian A. Hills, this condition of optimum
~driving force for outgassing is satisfied when the ambient pressure is just sufficient to prevent phase
.separation (bubble formation).
The model assumes that the natural unsaturatlon in the tlssues due to metabollc reduction in oxygen

decompressed prowded that the reductlon in amblent pressure does not exceed this unsaturatlon value.

The natural unsaturation increases with depth.

The critical volume approach

The critical-volume criterion assumes that whenever the total volume of gas phase accumulated in the tissues
exceeds a critical value, signs or symptoms of DCS will appear. This assumption is supported by doppler
bubble detection surveys. The consequences of this approach depend strongly on the bubble formation and
growth model used, primarily whether bubble formation is practicably avoidable during decompression.
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sion- and Diffusion based models (4)

General over

2 ent models attempt to model bubble dynamics, also by simplified
to facilitate the computation of tables, and later to allow real time
‘_,__ ns during a dive.
he n odels used to approximate bubble dynamics are varied, and range from
s those which are not much more complex that the dissolved phase models, to
T_g—f.‘;:jil;i_ese which require considerably greater computational power.
E None of the decompression models can be shown to be an accurate
representation of the physiological processes, although interpretations of the

hypotheses.

They are all approximations which predict reality to a greater or lesser extent,
and are acceptably reliable only within the bounds of calibration against
collected experimental data.
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Pa I P P2 D P P

dP
" = +
A+ P

NG ﬂxﬂ-l - ‘F::)_

(B+E!+R¢+]IRIHE:+I)]

where E:|=P.-t and Pﬁﬂﬂ

Fig. 6. Serial compartments decompression
model - Kidd-Stubbs Model (Canadian/
DCIEM). '
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The Linear

Perfusion Models
ZHL-12/16
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tissue inert gas |
pressure p_TIG

[bar] Pamb_tol = (PT1c 7/@)
or

b (= the famous
,BUhlmann equation®)

Prig tof =@+ -
- b

given tissue inert
gas pressure

2

max. tolerated tissue
pressure at given - e Ay A\ Pric
- slope z = =

. s\“e =
ambient pressure ‘ t("es Ax A P
amb‘e“
P Buhlmann: b =1/ z = inverse of

intercept at 0 ] Hloise

barp amb = a

X

o

0b 1b given ambient minimum tolerated ambient pressuré
ar ar pressure ambient pressure p_amb [bar]

(= vacuum) (= sea level) for given tissue

1
inert gas pressure
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the Linear Perfusion Models ZHL12/16 (2a)

A

. —
- 8

" The former System ZHL-12 (1983, already modified)
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inear Perfusion Models ZHL12/16 (2b)

-

The former System ZHL-12 (1983, already modified)
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Die Koeffizienten des Systems ZHL-12

Version : Biihlmann, 28.05.1986 (Aenderungen Nr. 1+4)
verwendet: neue Tabelle 0-700 m und 701-2500 m des SUSV/VDST

P = (P -a)- b (bar)

amb.tol TIG

P : tolerierter Umgebungsdruck

amb.tol

PTIG ! Nz—-Lb‘sungsdruck im Gewebe

a,b : ZHL-12 Koeffizienten AS Orlglna”y planned
for SUSV / VDST
tables.
o0 | 1 ) Some minor adaptins
were later made
towards ZHL-16B.

PR ot el
~N oM

Haut,
Muskulatur

~ oW
~ =

ODODOOOODWWDU’!U’\Q

Innenohr

Cad AN IS et
WO WwWonsoO
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he Linear Perfusion Models ZHL12/16 (2d)

Biihimann ZHL-12/
Tol. Umgebungsdruck in Fkt. des Inertgas-Gewebsdruckes

‘ 11 ll
\‘h\Al 1

Tol. Umgebungsdruck [bar]
«w E E
o o (3]
\
X \\\

——th=2.65'
—#—th=7.94'
th=12.2'
th=18.5'
—-th=26.5'
——th=37"
——th=53"
—th=79'
—th=114'
th=146'
th=185'
th=238'
th=304'
th=397"
th=504'
th=635'

Inertgas-Gewebsdruck [bar]

HWZ (tH)| Letter

# [min] Code [bar] [--]

1 |th=2.65' A 2.2000 0.8200
2 |th=7.94' B 1.5000 0.8200
3 [th=12.2' C 1.0500 0.8250
4 |th=18.5' D 0.9000 0.8350
5 |th=26.5' E 0.7500 0.8450
6 |[th=37" F 0.6000 0.8600
7 |th=53' G 0.4500 0.8700
8 [th=79' H 0.4300 0.8900
9 |[th=114' I 0.4300 0.8900
10  |th=146' J 0.4300 0.9310
1 |th=185' K 0.4300 0.9310
12 |th=238' L 0.3500 0.9430
13 |th=304' M 0.2300 0.9620
14 |th=397" N 0.2300 0.9620
15 |th=504' O

16 |th=635' P

From: Decompression — Decompression Sicknes, 1983
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inear Perfusion Models ZHL12/16 (3a)

A

5

ew System ZHL-16 (as published)

-

|  zmE-L16A |2H-L16B | ZH-L16C A verified set of 16 tissue
------- E-+-;-IE_-+—-1-:1-1““1_;T__E_—+-;-1:I---+-__-_E__ group halftimes and their

compartc- a s 5 .
e il Wapenese = 0 o 08 o s factors a,b for air with

# ! [min] ! 11 [bar] | [bar] [bar] adaption to table- and

s s s S E =S s s+ === =s==s4d===ss=ss=s4========
computer use.

1 4,0 0,5050 1,2599 11,2599 1,2599 A simil Y

2 80 06514 10000  1,0000 1,0000 G e SR S i

3 12,5 0,7222 0,8618  0,8618 0,8618 Helium.

4 18,5 0,7825 0,7562 0,7562 0,7562 With more than 1 inert PER

5 27,0 0,8126 0,6667  0,6667 0,6200 o

6 38,3 0,843  0,5933 0,560 0,5043 breathed, resulting factors

7 54,3 0,8693 0,5282 0,4947 0,4410 a, b are calculated on the

8 77,0 0,8910 0,4701 0,4500 0,4000 base of their momentar

9 109,0 0,9092 0,4187  0,4187 0,3750 g

10 1460 09222  0,3798  0,3798 0,3500 ey e

11 187,0 0,9319 0,3497  0,3497 0,3295

12 239,0 0,9403 0,3223  0,3223 0,3065

13 305,0 0,9477 0,2971  0,2850 0,2835

14 390,0 0,9544 02737  0,2737 0,2610

15 4980 0,9602 0,2523  0,2523 0,2480

p—
(=3

635,0 0,9653 0,2327 0,2327 0,2327
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—

A—

jew System ZHL-16 (as published)

"
4—“.

Biihimann ZHL-16 /
Tol. Umgebungsdruck in Fkt. des Inertgas-Gewebsdruckes

Tol. Umgebungsdruck [bar]

3.0

HWZ (tH)| Letter

# [min] Code [bar] [---]

1 |th=4' A 1.2599 0.5050
2 |th=8' B 1.0000 0.6514
3 |[th=12.5' C 0.8618 0.7222
4 |[th=18.5' D 0.7562 0.7825
5 |th=27' E 0.6667 0.8126
6 |th=38.3 F 0.5600 0.8434
7 |th=54.3' G 0.4947 0.8693
8 |th=77" H 0.4500 0.8910
9 [th=109' I 0.4187 0.9092
10 |th=146" J 0.3798 0.9222
11 |th=187" K 0.3497 0.9319
12 |th=239' L 0.3223 0.9403
13 |th=305' M 0.2850 0.9477
14 |th=390" N 0.2737 0.9544
15 |th=498' O 0.2523 0.9602
16 |th=635' P 0.2327 0.9653

Inertgas-Gewebsdruck [bar]
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Parametric NDL
calculations today
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Hohe 2

AT

OfiZ (SIT)

- —
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ametric NDL calculations today.... (1)

2

Ram\p

T~

AbTZ (DscT)

T eff.
(eff. depth)

AT safety

NZ (NDL)

TZ (DT)

Hohe 2

AufTZ (AscT)
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ametric NDL calculations today.... (2)

in Abhangigkeit von der Abstiegs- u. Auftstiegsrampe,
der Hohe und des Atemgasgemisches wahrend des TG's

| Physikalische Konstanten und Atemgas

alf_N2surf 0.790 |-- dp_H20/dT 1.0000 [bar/10m p_H20 0.0628 |bar
alf N2TG 0.790 |-- k_resp 0.8|-- p_CO2 0.0533 |bar
| Umgebungsbedingungen
Hohe 1 0|m G.M. psurf_H1 1.0132 |bar p_alv-N2_H1| 0.7613|bar
dt Ramp12 0|min dpN2/dt R| 99999.999|bar/min
- Hbéhe 2 0(m .M. psurf_H2 1.0132 [bar p_alw-N2_H2 0.7613|bar
[ dt Adapt2 0[min p_alv-N2_H2TG 0.7613|bar
Gewebemodell (ZHL-12) | [Max. Gewebewerte
nr. tH a b k pTIGmax1 | pTIGmax2
- min bar - 1/ min bar bar
1 4.0 1.9000 0.8000 0.173287 3.1665 3.1665
2 8.0 1.4500 0.8000 0.086643 2.7165 2.7165
3 12.5 1.0300 0.8000 0.055452 2.2965 2.2965
4 18.5 0.8820 0.8260 0.037467 2.1086 2.1086
5 27.0 0.7170 0.8450 0.025672 1.9161 1.9161
6 38.3 0.5750 0.8600 0.018098 1.7531 1.7531
7 54.3 0.4680 0.8700 0.012765 1.6326 1.6326
8 77.0 0.4410 0.9030 0.009002 1.5630 1.5630
9 109.0 0.4150 0.9080 0.006359 1.5309 1.5309
10 146.0 0.4160 0.9390 0.004748 1.4950 1.4950
11 187.0 0.3690 0.9460 0.003707 1.4400 1.4400
12 239.0 0.3690 0.9460 0.002900 1.4400 1.4400
13 305.0 0.2550 0.9620 0.002273 1.3082 1.3082
14 390.0 0.2550 0.9620 0.001777 1.3082 1.3082
15 498.0 0.2550 0.9620 0.001392 1.3082 1.3082
16 635.0 0.2550 0.9620 0.001092 1.3082 1.3082




b : eMoria i )19
(@ [ ] - . [ L) . . . [
Tiefe_nominell 18.0[m Tiefe_effektiv| 19.54|m
ptot_Tnomin [H2 2.7315|bar dT_surf 1.0lm
pN2_Tnomin [H2 2.1188|bar dT rel 3.0(%
pO2_Tnomin [H2 0.5632|bar ptot_Teff [H2 2.8855|bar
pN2_Teff [H2 2.2405|bar
Beachte: Tauchgang findet auf Hohe 2 statt ! pO2_Teff [H2 0.5956|bar
ABstieg: dt_dsct 0.60000 |min --> v_dsct 30.00000{m/min dpN2/dt_Dsct 2.37|bar/min
AUFstieg: v_asct 10.000 [m/min -> dt_asct 1.80000(min dpN2/dt_Asct -0.79(bar/min
nr] pTIGO_H1 | pTIGO_H2 | pTIGO_H2' | PTIG1 pTIG2' NZ_tH' pTIG2 pTIG3 | pT3lpmax2 | pT3lpmax2
= bar bar bar bar bar min bar bar [H1] % [H2] %
1] 0.7613 0.7613 0.7613 0.8264 3.6843 9999.99 2.2403 2.0073 63.4 65.5
[ 2] 0.7613 0.7613 0.7613 0.7944 2.8212 9999.99 2.2221 2.1019 77.4 80.4
3] o7613 0.7613 0.7613 0.7826 2.2782 9999.99 2.1514 2.0796 90.6 94.8
4] 0.7613 0.7613 0.7613 0.7758 2.0523 55,37 2.0188 1.9785 93.8 98.4
[5 0.7613 0.7613 0.7613 0.7713 1.8391 51.15 1.8376 1.8180 94.9 99.9
6 0.7613 0.7613 0.7613 0.7683 1.6666 52.65 1.6492 1.6413 93.6 99.0
71 0.7613 0.7613 0.7613 0.7663 1.5418 59.10 1.4658 1.4644 89.7 95.2
8 0.7613 0.7613 0.7613 0.7648 1.4737 73.32 1.3030 1.3047 83.5 88.6
9 0.7613 0.7613 0.7613 0.7638 1.4413 97.15 1.1687 1.1714 76.5 81.3
10" 0.7613 0.7613 0.7613 0.7632 1.4081 121.42 1.0776 1.0804 72.3 76.7
11 0.7613 0.7613 0.7613 0.7628 1.3533 138.26 1.0146 1.0172 70.6 75.1
12 0.7613 0.7613 0.7613 0.7625 1.3534 176.64 0.9635 0.9658 67.1 71.3
13] 0.7613 0.7613 0.7613 0.7622 1.2226 164.78 0.9222 0.9242 70.6 75.5
14 0.7613 0.7613 0.7613 0.7620 1.2227 210.70 0.8887 0.8904 68.1 72.8
15[ 0.7613 0.7613 0.7613 0.7619 1.2229 269.04 0.8621 0.8634 66.0 70.6
16 0.7613 0.7613 0.7613 0.7618 1.2230 343.05 0.8409 0.8420 64.4 68.8
Minimum aller NZ: [ 51.15 |min
(abgerundete) NZ:| 51.00 |[min




Buhlmann Memorial Symposium 2019

.

- S
B

i

Fametric NDL calculations today.... (4)

Step 1

Tiefe: 18m untere Hohenlage 1: Om Adaption Hohe 1: vollstiandig
obere Héhenlage 2: Om Adaption Hohe 2: vollstindig
Aufstiegs-Geschwindigkeit (m/min)

5 | 10 [ 15 [ 20 [ 25 [ 30 | 9999

= 5 60.33 57.84 57.08 56.71 56.49 56.35 55.65

2 10 59.35 54.67
2% 5 15 59.02 54.35
=5 E[ 20 5886 54.18

| g 5 Z 25 58.76 54.09
3 @ 30 58.70 54.02
| o 9999| 58.37 55.88 55.12 54.76 54.54 54.39 53.70

- values at the 4 corners of the "envelope"
- remaining values at the boundaries all around
-1 check value at the center (to detect a probable depression)

Step 2

18m untere Hohenlage 1: 700m Adaption Hohe 1: vollstandig
obere Hohenlage 2: 700m Adaption Hohe 2: vollstdndig
Aufstiegs-Geschwindigkeit (m/min)
5 10 [ 15 | 20 [ 25 [ 30 9999
= 5 56.54 . 52.56
. X 10
n O~
2 F € 15
E2E
32 E 25
<o
@ 30
O 9999| 54.59 |

- values at the 4 comers of the "envelope" -> comparison
- 1 check value at the center (to detect a probable depression)
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etric NDL calculations today.... (5)

untere Hohenlage 1: Om Adaption Hohe 1: vollstandig
obere Hohenlage 2: 700m Adaption Hohe 2: keine

Aufstiegs-Geschwindigkeit (m/min)
15 | 20 | 25 30 9999
52.2 51.89 51.7 51.58 50.98
49.96

49.62
49.45

y 49.35
> 51.15 49.28

— 5292 | 50.81 50.16 48.94

- values at the 4 corners -> comparison

- values at the boundaries all around -> comparison

- check value at the center (to detect a probable depression) -> comparison

- choose selected descent-/ascent rate and calculate the corresponding NDL for the table
- all remaining values just for academic interest

Abstiegs-
Ges chwindigkeit
(m/min)

In this particular case (18m, 0-700m a.s.l.) a NDL
of 51 minutes was chosen and published.
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Air Diving Tables

and later developments
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rameters for Buhlmann 86 Air Diving Tables

Specifications for the Calculation of the Biihlmann 86 Air Diving Tables Specifications for the Calculation of the Biihimann "86 Air Diving Tables

Compartment model: ZHL-12 and later ZHL-16; partially used in parallel during tests Surface Interval (SI) table:

- Number of compartments 12, resp. 16 Breathing gas exclusively air
o Pairs of coefficients. ZHL-12: 16 half times, with a total of 12 pairs of coefficients fir N2 and He Waiting time until RG “0” time until all compartments are desaturated from maximum tolerated tissue
- ZHL-16: one pair of (dil a, b for every ¢ inert gas pressure to at least 5% above surface alveolar inert gas pressure.

Remark: during the high altitude tests, profiles have been calculated with
both sets of coefficients. In-water, generally the longer NDL and the

Fixed minimal waiting time is 2 hrs; thus, all compartments up to 20min
half time are desaturated to 97% or more.

sharter stop times were used. Rounding for desaturation to RG “0": always to the next longer full hour
Tolerated ambient pressure pamb.tol(tH) = (p_TN2(tH) - a(tH)) * b(tH) For switch to next lower RG: always to the next full minute
Letter coding of RG in alphabetical order A-P; RG at end of dive = letter code of leading com- Shunt effects no effects included during the desaturation process

partment; in case the next following compartment was also saturated to
95% or more, then the letter code of this compartment was used.

Residual Nitrogen Time (RNT) table:

- Residual Nitrogen Time for reasons of simplicity in handling just one table, valid for the whole
Physical and physiological parameters: range up to 2500m a.s.|.
» — In-water pressure rise as a matter of simplicity, f_H20 = 0.10 bar/m H20 was assumed Calculation based en a comparative analysis of the states of compartments at the end
(average between fresh- and saltwater) of all dive profiles contained in the table.
Alveolar p_N2alv calculated under inclusion of Rounding always to the next full minute

-alveolar water vapor pressure (0.06028 bar),
-alveolar CO2 pressure p_C02 (0.0533 bar) and
-respiratory coefficient QR (0.80); later changed to 1.0, therefor p_C0O2
drops from equation; no consequences
Tissue adaption 0-700m ‘complete adaption and tissue saturation at Om, NDL and stop times corre-
sponding to surface pressure at 700m a.s.l.
Tissue adaption 701-2500m ‘complete adaption auf 700m a.s.l., ride for 1 hr to 2500m a.s.|., immediate
dive

Waiting Times for Flying after Diving in pressurized Aircraft:
Waiting time until flying calculation under the assumption of a timeless ascent (rectangular pro-
file), not taking in account for the ongoing desaturation during the ascent
ramp to cruising altitude.
Fixed minimal waiting time is 2 hrs; thus, all compartments up to 20min
half time are desaturated to 97% or more.
Assumed cabin pressure 0.58bar {approx. 4600m a.s.L.); value slightly below the lowest acceptable
cabin pressure not yet classified as a technical failure (IATA). Normal are
pressures are between 0,75-0.8bar (approx. 2000m-2400m a.s.. ata
cruising altitude of 35000 to 39°000ft)
Remarks: latest generation aircrafts (Boeing Dreamliner) use a minimal
cabin pressure at cruising altitude corresponding approx. to 1800m a.s.l.
always to the next longer full hour

Altitude ranges:
Range segmentation two ranges: 0-700m a.s.|. and 701 -2500m a.s.1. (least number of tables)
Surface pressure ataltitude  according to ISO/IATA formula for standard atmosphere

Surface pressure atsea level  standard atmosphere; p_surf-0 = 1.013bar

Rounding

Composition of air:
Inspiratory 02 fraction 20.8%
Inspiratory N2 fraction 79.2%

Crossing a Pass and Flying after Diving in non-pressurized aircraft:

Waiting time minimum 1 hr at diving altitude before any further ascent, afterwards a
steady ascent to target altitude, arrival not before indicated wai

Surface ambient pressures calculated according to ISO/IATA standard atmosphere; for the highest
indicated altitude (4000m/0.615bar), the same waiting time was taken as
for flying in a pressurized cabin (4600m/0.58bar).

Rounding always to the next longer half hour

Dive profile for calculation:

Increments of dive depths 3m/10ft as used internationally

Segmentation of last deco stop  3m divided in 2m/4m for upper altitude range table for reasons of more
moderate pressure gradients.

Descent ramp of dive for depths down to 18m: rectangular profile; deeper depths: a fixed
descent rate of 30m/min , Table for Lake Titicaca (3800m a.s.L):
Ascent ramp of dive fixed ascent rate of 10m/min, for all depths; exact value for inert gas cal- " A § N - . 3
N " Basis {and specifications) This table was a , customized” version for the diving expedition of a scien-
culations, published value in table rounded to the next full minute

tific diving detachment of the British Rhine Army.
Full adaption of all tissues to lake altitude assumed.
Upper operation limit 4500m a.s.1. (calculation altitude)
Remaining parameters identical to those of lower altitude range tables

Safety margin for depth fixed 1m, variable 3%: Tru, = Terx 1.03 + 1; NO margins for test dives!

Safety Stop:

Safety stop for all dives within the NDL 1'/3m (0-700m a.s.1.), resp. 17/2m (701-2500m
a.5.1.); there is no desaturation-related reason behind, but more a regula-
tory policy. Rounding:
Caleulated NDL generally rounded to the next lower minute
Decompression Staps: Calculated stop times generally rounded to the next higher minute

(under usage of CS [common sensel)
Ascent times to st decostop  published values an table always rounded to the next full minute (reasans
of practicability); exact value for inert gas tissue loading calculations

Ascent to next stop depth always included in the stage stop time
Profile within stages rectangular profile within stages
Depth of stages ‘without additional safety margins
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Tabell zu den Biihimann "86 Tauchtabellen Tabell er zu den Biihl *86 Tauchtabellen

Kompartimentsmodell: 2ZHL-12, spater ZHL-16; z.T. beide parallel wahrend den Tests eingesetzt Oberflachenintervall-Tabelle:
-~ Anzahl Kompartimente 12, resp. 16 Atemgas ausschliesslich Luft
f Koeffizientensitze ZHL-12:16 } mit i 12 i fiir N2 Wartezeit bis “0” Zeit his alle Kompartimente vom max. tolerierten Inertgasdruck bis mindes-
2 und He tens 5% Uber den alveolas k an der Oberfliche entsattigt sind.

ZHL-16: je ein Satz Koeffizienten a, b pro Halbwertszeit
Anmerkung: bei Hohentauchversuchen wurden die Prafile jeweils mit bei-
den Koeffizientensatzen gerechnet und die jeweils lngeren Nullzeiten,
resp. kirzeren Stoppzeiten getaucht.

Tolerierter Umgebungsdruck  pamb.tol(tH) = (p_TN2(tH) — a(tH)) * b{tH)

Buchstaben-Codierung alphabetisch A-P; RG am Ende des TG = Code des fiihrenden Komparti-
mentes; falls nachstfolgendes kompartiment ebenfalls zu 95% oder mehr

Minimum Wartezeit aber 2 Std. fix; damit sind alle Kompartimente bis
20min HWZ zu mind. 87% entsttigt

Rundung fiir Entsattigung zu RG ,0": immer auf nachste ganze Stunde
fiir Wechsel in die ndchst tiefere RG: immer auf ganze nichste Minute

Shunt Effekte es wurden keine Shunt-Effekte wahrend der Entsittigung beriicksichtigt

Zeitzuschlagtabelle:

- aufgesdttigt war, so wurde dessen Buchstabe verwendet. Zeitzuschlagtabelle aus Griinden der einfachen Handhabung eine einzige Tabelle, gilltig fiir
gesamte Hohenlage bis 2500m .M.
~ — o oo N i
- d Berechnung erfolgte aus der den Analyse der Kompar am
Druct L H20 der Ei it halber wurde f_H20 = 0.10 bar/m H20 angenommen Ende samtli in der Tabelle
(Mittelwert zw. SUss- und Salzwasser) Rundung immer auf nachste ganze Minute
Alveolarer p_N2alv gerechnet mit Berilicksichtigung von

Wasserdampfdruck (0.06028 bar),
-alveolarer p_CO2 (0.0533 bar) und
-Respirations-Koeffizient (0.80); spater 1.0 verwendet, damit fallt p_CO2
aus der Gleichung weg; hat allerdings keine Auswirkungen

Vorsittigung 0-700m wollstindige Adaption auf Om, Sttigung auf dieser Hohe, NZ und Dekozei-

ten entsprechend Oberflachendruck auf 700m

vollstindige Adaption auf 700m, Fahrt 1 Std. auf 2500m, sofortiger TG

Wartezeiten bis Fliegen MIT Druckkabine:

Wartezeit bis Flug Berechnung erfolgt auf Basis eines zeitlosen Aufstiegs (Rechteckprofil),
d.h. ohne Beriicksichti der laufend d wahrend der Rampe
bis zum Erreichen der Flughhe
Minimum Wartezeit aber 2 Std. fix; damit sind alle Kampartimente bis
20min HWZ zu mind. 97% entsattigt

Annahme Kabinendruck 0.58bar (ca. 4600m); liegt ganz wenig unter dem tiefst moglichen Druck
gem. IATA, der noch nicht als technischer Defekt gilt (0.60bar). Normal

Vorsttigung 701-2500m

Héhenlagen: sind ca. 0.75-0.8bar (ca. 2000-2400m auf Flughdhe 35°000 bis 39°000ft)
Aufteilung in 0-700m und 701 -2500m (maglichst geringe Anzahl Tabellen) Anmerkung: bei f neuster ion (Boeing iner) ver-
Oberflachendruck jeweils mit ISO/IATA Formel gerechnet (Standardatmosphire) sucht man den mini i auf Rei: bl

Druck auf héh ire; p_surf-0= 1.013bar «a. 1800m .M. einzuhalten.

Rundung immer auf néchste ganze Stunde

Luftzusammensetzung:
Inspiratorischer 02-Anteil 20.8%

Passfahrten und Fliegen OHNE Druckkabine:

Inspiratorischer N2-Anteil 79.2% Wartezeit mind. 1 5td. auf bisheriger Hohe vor Aufstieg, anschliessend gleichmiissi_
ger Aufstieg; Ankunft nicht vor Ablauf angegebene Wartezeit
Tauchprofil zur Berechnung: Oberflachendriicke wurden exakt nach IS0 Standardatmosphare gerechnet; fur die grosste

Tiefeninkremente 3m wie international blich (10ft) angegebene Hohe (4000m/0.615bar) wurde dieselbe Wartezeit angege
Aufteilung letzte Dekostufe 3m aufgeteilt in 2m/4m fir Hahentabelle fir kleinere Druck-Gradienten ben wie filr den Flug mit Druckkabine (4600m/0.58bar).
TG-Abstiegsrampe bei Tiefen bis 18m: Rechteckprofil; iibrige Tiefen fix 30m/min Rundung immer auf nichste halbe Stunde
TG-Aufstiegsrampe fix 10m/min, alle Tiefen; exakter Wert fir Inertgasherechnung; publizier-

ter Tabellenwert immer auf nichste ganze Minute gerundet Tabelle Titicacasee (3800m ii.M.):
TG-Rampenberechnung Alle Rampen mit der exakten Losung der Differentialgleichung gerechnet Grundlagen Diese Tabelle war eine ,Einzelanfertigung fir die Expedition der brit.
Tiefenzuschlag fix 1m, variabel 3%: Trap = Terrx 1.03 + 1; fiir Test-TG: KEINE Zuschlige! es wurde eine ige Adaption am Tauchort vorausge-

setzt

Sicherheitshalt: Obere Einsatzgrenze 4500m G.M. (Berechnungshdhe)
Sicherheitshalt bei allen NZ-TG von 1'/3m (0-700m U.M.), resp. 1/2m (701-2500m  @.M.); Ubrige Parameter alle Ubrigen wie die ,normalen” Tabellen
keinerlei entsittigungsbasierte Uberlegung, sondern eher ord

nungspoalitischer Natur Rundungen:
Erhaltene NZ in der Regel auf nachst ganze Minute abgerundet
Deko-Stopps: Erhaltene Stoppzeiten in der Regel auf nichst ganze Minute aufgerundet
Aufstieg zur nichsten Stufe ist immer in Stufenzeit enthalten (unter Anwendung GMV [gesunder Menschenverstand])
Profilinnerhalb Stufen Rechteckprofil innerhalb Stufen Zeiten TG-Aufstiegsrampe: publizierte Werte auf Tabelle immer auf ganze néchste Minute aufgerun-
Stufentiefen ohne Tiefen-Zuschlage det [Prakti ); fur Inertgasberechnung aber exakter Wert verwendet
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Results and Consequences (1)

3.1 retrospective studies open water high altitude tests
Lake Titicaca, Peru, 1987 / 3800m
¢ number “:mber 17 divers, 3 weeks, 290 dives, 12-39m (no symp.)
type of dive of test | of test - Muttsee, Switzerland, 1988 / 2500m
e e B e ed 15 divers, 2 days, 56 dives, 24 - 52m (2 mild
simulated air dives: I I skin bend§22nmsd?ﬂ
- single dives, 30-44m 31 457 = Tg“g?vgzn?go“:;;;zémi?aar 4400-4780m
- repetitive dives 9 166 ¢ . 5 2 .
- altitude decompression after - High altitude trials in the St.Gotthard region,
a dive 14 190 1984-1988, 2134m :
40-50 diver, approx. 60 dives (no symptoms)
simulated dives on Heliox, 02
.| - single dives, 30-35m 31 159
== - deep diving, 80-575m 24 193
| - altitude decompression after
a dive 1 15 some other relevant data ..

- highest altitude in chamber : 4200m

- used breathing gases : air, nitrox, heliox,
oxygen-decompression

- deepest dive : 575m for 2 hrs, 1981

- saturation diving: depth range from 30 - 220m

3.2 prospective studies

During 1986 - 1988, 498 real open water dives at
altitudes from 1400 - 3800m and depths from
12 - 60m have been carried out analysed.

practical applications (ref. also to Part II / 7.)

- construction subway Muenich, 1983-85
1.6-2.1 bar, 6-8 hrs/day, 5days/week; bends rate
6/850 "dives" (down from 48/1377 while using
German Tables from the Ministry of Health&Labour)

- railway construction work near Bern by Swiss
Federal Railway Comp. 1988-91
1.2-1.6 bar for 4-6 hrs a day

- dive tables in use in England,Germany,Switzer-

land, Austria, Peruvian-and Bolivian Navy (appr.

40-50'000 divers overall since 1986)

A” data from the penod Of 1981 _1 991 several dive computers (since 1984/85)

3.3 repetitive-dive trials

- 127 divers, 127 second dives, 39 third dives
depth range: 32-44m, bottom times: 13'-60",
surface intervals: 10'-120"
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esults and Consequences (2)

3.7 Selected 'I'ri:ala: High Altitude Tests St.Gotthard, — —
1986 (Lago di Lucendro) 3.8 Selected Trials: Comparison of Open Water Tests
altitude i 2134 above sEa Tavel at low altitudes (Lake of Zuerich)
adaption time: 4 hrs
first dive
iy d‘[efﬁh it iy it Lt | altitude: 400m above sea level
each (min]| 6m|4m |2m ftot. 2m T86 : Buehlmann table '86, 0-700m
1 3 A8 [ee s AL s b 3
g gg ig =0 : g ig ; depth|bottom decompresion |tota S}_rmpt./
4 32 15 - - 3 3 1 [m] |time stages asct{|dives
------ e [min] [12m | 9m]| 6m| 3m|time
; second dive; surface interval: §0 minutes T86 | 30 | 17 | : ; ; 1 |
= team #|depth bott. deco acc effective experiment 32 l 20 i | 3 0/15
. 3 div.| [m] time T86 deco-time | [ ~—-—--—-—---- += - o —— -+ e e e
- each [min]| 6m|4m |2m [tot. 2m T86 23 14 1 | 4
bl Ul e RO - B oy § B (00,0 SNSRI e S B | il
E g : T86 | 39 10 8 R -
; 3 : experiment 41 13 - 4 0/12
Selected Trials: High Altitude Tests Muttsee (1968) NN  ________ il e s LT il 4 B T
altitude : 2500m above sea level = T86 39 l 20 | 3 7 13 |
adaption time: 2 hrs experiment 41 23 3 5 11 0/16
first dive N  —ee—————— - b= fom— o e Sl LOE s
T86 39 30 3 A ST
profile method decompression experiment 41 33 3 5 15 26 0/16
on | 6m | 4w | 2m | total M @ ————T—TTm = e o oo e o e o Pl o
e t i + T86 39 40 2 S LT 55
effective| — | — 2 3 = 1 experiment | 41 40 1l e e SRS 50 0/24
39m / 18° ! ! ! !
acc. T86 — 2 3 7 Tl O ST R e Sk e AT e T
i Zuot R T86 42 36 2 T e 3 59
prapy effective| -- 2 3 4 9 experiment | 44 35 R e 1 AR 8 e 0/20
m . =
acc. 786 | 2| 3] a] 1] 20 Phosscovemecuoith caep S 00 0 6 RN il R B
4= 4= — ’ '
effective 4 3 4 8 19
60m / 15"
acc. T86 5 5 8 18 36

(courtesy Prof. Buehlmann)

+- —-——t + + + fm—————

unknown no. of 14 divers,

123 dives, 30-44m, BT=10-40min
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Its and Consequences (3)

A—_—

3
i~

i\rtwﬂ‘

3. MUTTSEE ~VERSUCHS =10

a) Uebersichtszahlen

Anz. TG: ZHL-12: 41 Tiefen: min.: 33m Zeiten: min.: 12!

ZHL-16: 11 max.: 60m max.: 25'
TOTAL : 52
Anz. versch. ZHL-12: 12 Erst.-TG: ZHL-12: 22 Rep.TG: ZHL-12: 19
Profile : ZHL-16: 2 ZHL-16: 6 ZHL-16: 5 2
______________________________ Nullzeitenvergleiche
TOTAL 14 TOTAL : 28 TOTAL : 24
Geschlecht | Anz. | Erst.TG | Rep.TG | Total Tiefe : T86/2500 ZHL-12 *) : ZHL-16 %
- . t : i !
R R R R I [m] | (6 std.) | (6 Std.)
S e e o i a2t A ======4======mm=mf e e
Frauen - 3t 6 H S i1k 30 : 15 20.4' : 18.5
Sedededededesedetedede dededede e dedede e de e e e ded Sl e de ded ok de e de e de e 1 121 17,51 i 15.2
% Total -} 14 ) 28 : 26 % 53 * I # | -
Sedededeseddededede dodede e dedede e d e e el de e e de e de e dede e de e dedede e II. 10" 15.0" : 12.9
| oo 33.3" - 15.2
| 8" e | 89 )

*) 3' Abstieg einberechnet
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MUTTSEE -~ VERSUCHS

3%

-TG

Vergleiche von ERST

c)

Dekompression
4m | 2m | Total

em |

Profil

effektiv

39m / 18°

nach T86

effektiv

45m / 18'

nach T86

effektiv

60m / 15'

nach T86

d) Vergleiche von REPETIV-TG

! 2m |Tot.
===

| 4m
=]

Dekompression
| 6ém
o
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~ YR RS UTCRHE =7

3. MO ETTSERE

e) PROBLEMKOMBINATION
REPETIV-TAUCHGANG:

Anmerkung: effektive Dekompressionsplaene
berechnet mit Koeffizienten

ZHL-16/A Int. !Profil |Meth. | Dekompression HWZ | Dcs

H i9m | 6m | 4m | 2m |Tot. n/d
—— S : +====+ ==

i eff.] < f == 3759 8 1/2
= ERST-TAUCHGANG: GHE | i R camnse ke e e e

Dekompression

Profil Meth. | !
| 9m | 6m | 4m | 2m |Tot. |
| 1 1
I I |

alle | eff.]| - - 3 5 8 1/1

33m/25'| T86 3 6 1 20 41

39M/25' |=—m-mmmmmmmccmecmcmmcmm—e——————- 0, -] -----

+ -

+..._

No DCS for this depth/time

combination Here, it looks differently....

Reason: most probably the shunt

effects with delayed desaturation!
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A

3. UTTBSEE - VBRSUCHS =10

Fuehrende Kompartimente b. Ausstieg
(nur Erst-TG)

Hoehe : 2500m

Umgebungsdruck: p_amb. = 0.741 bar (IS0)

alv. N2-Druck : p_alv.N2 = 0.537 bar

Anmerkung: Es wurden nur diejenigen Faelle beruecksichtigt, bei denen

der Inertgas-Kompartimentsdruck beim Ausstieg mind. 95% des
maximal zulaessigen Wertes (s. unten) betrug.

+

------ e e S T

Halb- |Halb- |ZH=47 |ZH-1( )

werts-|werts-| max. max. |fuehrend bei

zeit- |zeit p_tN2 | p_tN2 |folgenden TG
1

System
ZHL-16
/ A*
Anzahl

[bar] [bar]

e T

=
w

s B o
Hmmm e

\
I
i
i
I
|

==
L4

,problematic
tissues (skin,
muscles)

8,9,10,11
12,13,14%

12,13,14*

s T | T

A P S,

e St S T | e S
e e mmmmee fmmmcee e e —————

e e s e

+
e

: ZHL-16/A nur bei TG #12,13,14
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p_amb.tol. [bar]

3,0 o i . s
for just ONE tissue %@/'/
=54.3min oY P
Sigrs R, 4,0’;4@\ (1984) |
Q‘L’/ O ~
2r5 1 o :L //
At s
AVY
y
]
4,5
p_TN2 [bar]

NOTE: - dotted lines (P2-2, P2-3) are from
DECO-BRAIN II dive-computer
- subjects: number of test persons

- the more LEFTwards the lines are, the
more conservative (lower) is the tissue

tolerance level

.

Careful analysis of hundred of
dive profiles executed with
dive computers led to a
refinement of the underlying
set of coefficients towards
higher tolerated ambient
pressures (reduced gradients)
for a given tissue inert gas
pressure.

- a¥alV, aVaWa aa
C U WA'AY, Ul C C

change compared to US-Navy
and the original ZHL-12 limits.
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t Versions of the Bithimann Compartment Model

Several versions of the Buhlmann algorithm have been developed, both by Bihimann and by later workers. The naming
convention used to identify the algorithms is a code starting ZH-L, from Zurich (ZH), linear (L) followed by the number of
tissue compartments or pairs of coefficients, and other unique identifiers.

The term “linear” say that there is a linear functionality between the tissue inert gas pressure and the tolerated ambient

pressure (the coefficients a, b describe a this linearity).

* ZHL-16 or ZH-L16A: The original 16 compartment algorithm (no conservatism at all).

* ZHL-16B: The 16 compartment algorithm modified for dive table production, using slightly more conservative “a”
values, mainly in the middle compartments.[8] Recently used in dive computers with high performance processor units,
is it more flexible (especially in tech dives) compared to the ZHL16C

* ZHL-16C:The 16 compartment algorithm with further modification to the middle and faster “a” values, intended for use
in dive computers as a "package". It can be used with almost all low-level processor units but it is less flexible
compared to the ZHL16B.

* ZHL-8: A version using a reduced number of tissue compartments to reduce the computational load for personal dive
computers.

* ZHL-8 ADT: 8-compartment adaptive model used by Uwatec. This model may reduce the no-stop limit or require the

diver to complete a compensatory decompression stop after an ascent rate violation, high work level during the dive, or

low water temperature. This algorithm is used in computers which can accurately monitor air consumption and
instantaneous rate of air consumption to model work load (exertion) via changes in the rate of gas consumption, which
allows plausible modelling of additional decompression obligation based on exertion at depth. It also monitors ambient
temperature and selects the choice of risk tissue accordingly. This results in earlier and longer decompression
requirements in colder water.[9][10]

ZHL-8 ADT MB: A version of the ZHL-8 ADT claimed to suppress microbubble formation.[9]

ZHL-8 ADT MB PDIS: Profile-Determined Intermediate Stops.[11]

ZHL-8 ADT MB PMG: Predictive Multi-Gas.

ZHL-16 ADT DD: 16-compartment adaptive model used by Uwatec for their trimix-enabled computers. Modified in the

middle compartments from the original ZHL-C, is adaptive to diver workload and includes Profile-Determined

Intermediate Stops. Profile modification is by means of "MB Levels" rather than gradient factors[12]

* ZHL-12 original 16 tissue compartment model, but with just 12 pairs of coefficients Source: Wikipedia
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ere are various methods (formulas) how
to calculate the surface ambient pressure
as a function of the altitude.
e | In aviation, the ambient pressure is a most
T | critical value to calibrate altimeters.
~ - Wittelvert 4Methoden [sa] ] Ambient pressure sea level = 1.013 bar.

Oberflachendruck als Funkt (Hohe ii.M.)

~—— Methode 1 fixes dp [bar]

——— Methode 2 IATA [bar]

For diver, the following assumption is fair

enough:

a) ambient pressure at sea level = 1.00 bar

b) decrease of ambient pressure = 0.1 bar /
1000m altitude a.s.l, linear

Up to 4000m a.s.l., the error is neglectable.

200m (0.02 bar).

| IATA/ISO { . |
po * 100°000 | N
N

| Pamb-surf (H)= pamb-surf(HO) *e

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000
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Ity of seawater is determined by
ture, pressure, and salinity.
2N ocean, the density of surface seawater
between 1.022 and 1.03 grams per cubic
er (g/cm ) (a).
)pical and subtropical regions (b) a 9°F (5°C)

ature difference (c) produces a density change

’I"‘?Ep‘glar regions (d) a 9°F (5°C) temperature difference

: ~ (&) produces a density change of only 0.0004 grams

~ . per cubic centimeter.
In‘tropical and subtropical surface waters, temperature
change has a greater influence on density, whereas in
polar and cold temperate waters, salinity variation is of
greater significance.
In the open ocean, the relative densities of water
bodies are of great importance. Relative density
determines which will rise and which will fall. These
vertical movements in turn influence biological
productivity and generate vertical and horizontal
currents.

Tempematue




‘J];T-lmﬁ'ann Memorial Symposium 2019

e




Buhlmann Memorial Symposium 2019

Patentanspriiche

. Anzeigeeinrichtung fiir die Parameter eines Tauchganges, wie z. B. aktuelle Tiefe, maximal getauchte tiefe,
bisherige Tauchzeit oder dergleichen, die (ber

] a) wenigstens einen Speicher fir die Dekompressionsparameter bei einer Reihe von Tauchtiefen und -zeiten,
und
b) eine Auswurtu- und Vi i fiir diu Werte des Tiefen- und des Zeitmessers mit
den im Sp: ten Werten
dadurch gekennzeichnet, dass in |edem Zeleunkl des Tauch rhe _in Abhangigkeit von den
10 \iurchtan::hten Tiefen und Zedun erfi iftauchzei der w

dfeder eine Wandlereinrichtung (§) fir die Umwandlung der jeweils
aktuulren Grundzeit [Vumullzﬂrl in dsl ;awalllgun Tauchtiefenstufe) beim Eintritt in eine neue Tauchtiefenstufe
in die dieser neuen Tauchf Grundzeit vo ist, die jener Zeit entspricht, wahrend
welcher der Taucher sich in der maximalen Tiefe seines Ta uchprofiles befunden hitte.
15 2. Einrichtung nach Anspruch 1, dadumh gekennzeichnet, dass mit Hilfe der Wandlarelnrlchtung (5) auch der,
vorzugweise jeweils mit Hilfe eines A étes (G] Luftdruck beriicksi
3 Elnrlch:ung nach Anspruchz dadurch b dass ein eil i elne puezaresustwe
el T DL . D er l5| sowohl fir den Luft- wie fir den Wasserdruck mit der die
® g European Patent Office @ versttentichungsnummer: 0 073 499 Wandlerainri (5) enthaitend itung verbunden ist.
20 4. Einrichtung nach Anspruch 3, dadurch dass der Messb h des Druch (6)
Office européen des brevets B1 jeweils fiir Luft- bzw. fir Wasserdruckmessung mit Hilfe einer Schalteinrichtung (34]4 bar ist.
5. Einrichtung nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass an den Ausgang des
. Dr s {B) eine Differ (26) ang ist.
@ [ EUROPAISCHE PATENTSCHRIFT ] 6. Einrichtung nach Anspruch 4 oder 5, t, dass di inei (34} ing
25  Sprungerkennungsstufe (35) fiir den Druck umfasst, die beispielsweise von der
& o ist.
@ 5’;‘3’&’3‘5‘"’”’“’“““““”"'""“"“": © ma-BEIC 11/32, GOGF 15/20 7. Einrichtung nach Anspruch 4, & oder 6, dadurch gekennzeichnet, dass
. Verknipfungsstufe begrenzten Arbeitsbereiches - mit Hilfe der der Schalteinri
@ Anmedenummr: 21679043 der Verstarkung oder des Bit-Bereiches eines der Auswerte- und Verknipfungs
@ Anmeldensg: 27.00.82 30  Digital-Wandlers (122) eine Bereichsumschaltung durchfiihrbar ist.
8. Einrichtung nach Anspruch 7, dadurch gekennzeichnet, dass eine dur
e Refer (24, 24’, 247) vorgesehen ist, der zw
- Wandler (22) nachgeschaltet ist.
i 9. Etnrichtung nach einem der Anspriiche 4 bis 8, dadurch gekennzeichnet, d
—] J5  zumindest einen FET-Schalter aufweist. ,r;,/ Loite
| 10. Einrichtung nach Anspruch 9, dadurch gekennzeu:hnet dass dem FH 45
[ geganubar dem Eingang der Stufe, i dere des Anal - A0
- (40) nachg ist. ] ] _J Count - bown
- 11. Einrichtung nach einem der Anspruche 1 bis 10, dadurch gakanuzslch D’VET DEPTH &
40  Abnormfunktion durch eine aus einem Zeitgeber und aus einem Drug 8 . i
@ fur dia Detektor ein {12) und/oder eine Schleppwertanzeige (1
Tauchtiefe einschaltbar ist (sind). : —
12. Einrichtung nach einem der Anspriiche 1 bis 11, dadurch gekermzsu;hnst d r ] l’:" J
< @ Frioritit: 22.08.81 GH $530/81 '® s einen Rechner (27) und Speicher fir iten und/oder Dek UPDIW /ém;\/xn DEKOT !
FL- 9483 Mauren (L1} 45 aufweist. A5 / o/ Out of fonge
@ Versftantlichungstag der Anmldang: 13. Einrichtung nach Anspruch 12, dadurch gekennzeichnet, dass d . Ao Aok |12
09.03.83 Patentblatt 83/10 @ Erfndar: E:.n'rm-m,-lnrgln. Ronnhof, FL- 8493 Tabellenspeicher (28) ist (sind). . d
Edfinder: Vagter, = . 14. Einrichtung nach einem der Anspriiche 1 bis 13 dadurch gekennzeichnet, 3
@ Hinwsisos auf i 8013 51, n-ﬂ::rct?ﬂ;“"mm s o GH eine Speicherschaltung fiir dle |ewe|ls durchtauchten Tiefen und Zeiten, sow| Eﬁ T
05.11.85 Patontblatt 86/45 - 50 ergeb Korr te
) O @ Vertreter: Flach, Diater Rolf Paul, Dipl.- Phys., 15. Einrichtung nach einem der Anspruche 1 bis 14, mit wemgstens eir|
AT EE DE PR 0B Iv L0 NLBE o (08) gekennzeichnet, dass die S (18a) - zB. vo racscaen
Abnormfunktion - zur Anzeige verschiedener Angaben umschaltbar ist.
€ Emgegenhaltungen: 16. Einrichtung nach einem der vorherg Anspriiche, dad geke 1040 OR AEAD.
CH-A-437 021 55 i hal zur getak A g einer Anzeige (1(]
FR-A-2349 128 g
A% TmERFLAG
FR-A-2 854 655
GEB-A-1461277
Claims
&0
E Device for indicating the parameters of a dive, such as, for example, present d
previous elapsed diving time or the like, which indicating device is driven througl F,g g
g a) at least one memory for the decompression parameters at a series of diving
. = b) an evaluation and logic stage for the measured values of the depth gay
o 65  stored in the memory,
S
© fnmerkung: innerhalb von noun Monaten nach der Bokanntmachung des Hinweises auf die Ertelung das eurapdischen Patents im 35
a. ber mw Jjedermann beim e P das Patent Einspruch einlegen.
L ot (A 89(1) Ewropdisches Patentibereinkommen]. -
UBER, STOCKHOLM 1885
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A 1AL

60

a
S

aktuelle
Tauchzeit
min

34+19=53

22+ 1=23
22+ 3=25§
25+ 5=30

quivalente
Tauchzeit
(nin bei n)

14/35
16/35 -
21/35
26/35
34/35

13/35
34/20
53/20

20/35
21/35
26/35
30/35
34/35

16/25
13/30
10/35
16/35
21/35
25/35

32/20
26/25
22/30
22/35
25/35
30/35

(herkémmlich, z.B. US Navy:

0073499
Tabelle: 1 2 2 ] K
Dekempressionstabelle fiir 0-700 m dber Meer
—1 Tabelle 9:
Tiefe m:»t‘- Dekompressionshalte | Repeti- T Bsp. Punkt im  fepetitiv-  Tauch Gesanl-
" "ﬁ:in 52y 63 g:;;;‘ | Tauchgang firuppe tiefe (n) |au:li-:¢il
@ 5 J
15 120 n K 33 14
150 15 L 33 LG
- 21
z ; ? 4 33 26
33 34
20 5 18 K
0 B K 12 13
105 33 K 19 15
30 5 6 — 19 34
4 ] H (herkgmmlich:
50 17 ]
25 P » | x Ic a 33 20
15 3w | K 5 ° 17 2L
0 w3 | - 9 26
M d 9 30
= 9| G © e 9 34
n 9 H
3 iz 4 1 D a 20+ 18
@ 5 4 b 25+ 18
30 50 5 25 K c 30+ 19
0 6 8 3% K 5 d 32 25
75 T oW L ¢ 32 30
0 8 2% 52 L £ 32 34
5 5 5 5 (herkomn | ich:
= | L IE a 19 32
30 12 il
3 s | ) 6 o s 32
35 < 25+ 32
0 73 J d g
% 310 35 K A8 3
) 115 4 K ; 3; 36
i 0 15 62 L 3 41
15 25 G 6
ol 21 H
5 3R |
30 2 5@ )
40 35 210 % K
@ 51535 K 7
50 2 1mQ 3
] 21025 % L [ 30 Jz3wsan [ L]
Tabelle: 2
Nullzeittauchgrenzen
n [ = [ 5 T8 [ & [ 5 [ % | 5 | &
min [ [ » [ » [ % |5 [ @ | 5 | 0

29

Rullzeitgrenze:
innerhalb:
iberschritten: &

-2

-2

copzzz ocpoos

eoooee

oz
5t

Dekompression entsprechend
tinea Tauchgang ven
min bei

Program P1

or

Oekomprressions-

halte (ain) bei
L)

I

- - (ev.3)
= 5

[ '
o

[

[FRTES

12

35)

BV E/00

s
AE

Lmnin]

* hiks
© |
%3
Tele [~
iﬁl © _giis 2 o,  dow
3 | < 1 Zeil
' I .
f ! ]
PR |
!
|
& [ C
I
,1
|
[ ]
g P
oL Tiefe -] | [ZRTA




—
Buhlmann Memorial Symposium 2019

-

The very first version; casing in aluminum

Jurgen Hermann as young
engineer (1 2014)
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advertising, technical specifications

2Zubehdr / accessory /
accessoire

complete set as sold

From program P2 on real saturation- /
desaturation calculation, based on
ZHL-12 (P2-1) and ZHL-16 (P2-2 and
P2-3).
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ef 0m /min
Auftauchzejt D
‘4 .‘*-"3/"

Max.Tiefoll« tozs Dl -

approx. 1985-87; Pgm-versions:
P1: reading stored table values only
P2-2: real calculation with ZHL-16
P2-3: similar; more conservative

manual simulator
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version with backplate

. "
LMination/. switich wWith

inside reed contact for
backplate illumination

backplate illumination in the
dark
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side length
approx. 4-5mm)

‘ﬂi|5ﬂ||l|||||llln--....:

vacuum under
mebrane
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photos by Kurt Amsler
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o auugchisng (Bretsades) Blatt A/ . Blatt 4fY4
00433 (P Rouwd) A ‘ :
TAUCHGANGPROTOKOLL MIT DECO-BRAIN SERIE-NR.JOZSFE\  Tauchgang Nr. 2. © TAUCHGANGPROTOKOLL MIT DECO-BRAIN SERTE-NR. OQU33 - Tauchgang wr. .7H..
3 (H Ridkedt)
q4s .. 0% 2 ek W,
Datum: m'ka. uhrzeit:li ....... Name/Adr. : "'.;;"‘:.BMWE’N'M patun: R:40: &Y., Ubrzeit: A8 ewermr: "my'su:\;;‘cmlfmcr:'::g:“
s 3, BUNER O Instruc ABBES. . Gee ik o . «+ o FARL nphygtpp # 1BBES_
R i, A 7708 b P R A e A e & 7308
= 450 Wi N
DECO-BRAIN-Anzeige bei Tauchbeginn: DECO-BRAIN-Anzeige bei Tauchbeginn:
Bt Repetitivtauchgang 0 Ja x Nein w: OOUZYL Qua Atwe Repetitivtauchgang 0 Ja l Nein
= 4lls ja, Intervallzeit: ... <. . min, v2sy o def Hifle fabks 2, Inbervallzeits .. 77 . . min,
Zeit bis Flug TOh <. min, . 03w Hiefs) Zeit bis Flug b . min.

P .
Entsdttigungszeit .. h "... min. Entsittigungszeit .7, h 7. min.

- Rollende Nullzeittabelle: Rollende Nullzeittabelle:
m 912 15] 18 21 [2a | 27 | 30 l_r!l Toyiz[1a] 18] 21 |24 | 27 | 30 |
P-4 Re [ a5 {96 20 [AF | hesote Gomte minl-{19lse ] sa avls 20 |4 |
; s——s 3 $00UIL
E\.-:d_n______._'z;“ o
g Taucgl ag‘gmfll lo . . ,zf . 3:_} Zeit [min. " Tanch‘ganggrof!] S" ES o ) % I 3.0 Zeit [min.
B | ] | a1 o] 1 I | [t L 1T P :
O A O 0 L H ! #_L{_; \ ; | . : = == ! T
0 0 O A M R =<0 0000 TR BN OO 0 O ik : R A ‘ !
b : TR L : s i — ﬂ
O I O 1 53 S A0 I Ll 1 S I T A S
T | S | - Y ’ - EaE
| i i FLE | S B BT L il L
T T IT T . I.l‘l i 1 +
: / ‘ T T —]
i i I i i i |
i : Pk ] P
: / e =
| T A R e O S S S i Bt
et | Jf I A i
i WA H
L | B £ 5 A T N PO O O £ L
1 EmE 3 253 P
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Der Tauchlehrer 5/1986
Tiefe Abstieg Grundzeit Aufstieg Stufen Gesamt Symptome
m min min 1. S?ufe m min  min
mn 12 9 6 3 Tiefe Abstieg Grundzeit Aulstieg Stufen Ges_aml
min min 1.5tufe m min min
AA-13 Rpt. a1 2 11 SO e T AT ) m i o
Deco-Brain 41 2 ;.13 38 —_— = 1 48 —
Veterval) 2 T AA-13 Rpt. 41 2 11 faihor {ubeRn ST 0 | e = i
2.Tauchgang 41 2 58 27 8 15 27 51 1037 1/12Haut DmBl::n 5 3 2, S T = qe X |
et o g $ » A KRR ¥ B ZH-83 41 2 11 3 — — — 2 4 96 Tab4zmi5min
Intervall 0 120
ik o s . 14 % o =T gt 2. Tauchgang " 2 58 SF7 ) Sh N e Akl S8
- i 4 7 4 == 2 W Deco-Brain a1 2 58 57 L ge-dl -G -GreiznY
- e - - ZH-83 41 2 58 27 7 13 22 31 51 1267 Tab.42m70min
g = 2. Tauchgang 35 2 20 3.0 — — — 13 16.0 2/12Haut
r— Deco-Brain 35 2 20 249 — = 1 21 248 AA-40 Rpt. 4 3 a7 E; = f 2 :‘; g: ;3;
== Deco-Brai a 3 37 s : "
o = 5 4+ S I e e M 3 37 26 1 3 8 16 31 616 Tab42m40min
-l Deco-Brain 3z 2 13 29 _ - — 1 39 RN A B
iy b L N WTAS] SESCep Mg Ty ey
B 2 Tauchgang 32 2 22 24 — — 2 17 214 ONG 2 Tauchmng 4 3 0 T s B A
- g » r = R ZH-83 M 3 30 26 1 3 8 16 31 616 Tab.42m40min
2 o . . 15 ~17.7 2/15Haut
3. Tauchgan, 32 2 13 27 - = = : au - : ] =
Daoogr.ging 32 : 13 i e 18 i 20.7 Tabelle 2: Wiederholung hgénge. Vergleich der real durchgefiihrten D mit den Ang des Deco-
Brain und der Tabelie ZH-83 fiir 0 bis 700 Meter iber dem Meeresspiegel
AA-35 RpL. 44 3 32 30 2 5 11 26 470 0/20
Deco-Brain 44 3 32 30 2 5 16 30 560
Intervall 0 90 P
2 Tauchgang 38 3 23 a4 MRS BS o 8 Ad |
Deco-Brain 38 3 23 30 — — 3 23 200 Om-
i ' 2 33 4 19 283 0/20 *
3. Tauchgang 41 3 22 . - — 3 -
Deco-Brain 41 3 22 33 — 1 4 29 373 BUhImann AIbertA (1986)
AA-40 Rpt. M 3 a7 27 2 5 13 27 49.7° 0/24 *12Vp.kontinuierlich42.7 min :
e e s } Dekompressionstabellen —
Intervall 0
2. Tauchgang 41 3 30 2.7 2 4 B 27 417 1/24 Muskulatur .
Decodan 41 3 % 27 2 4133 507 Dekompressionscomputer, VDTL, Der
Tabelle 1- Wi tauchgange. Vergleich derim Exp durchgefiihrten D

mitden Angaben des Tauchlehrer, Heft 5, 1986

Deco-Brain (Programm P2-2)
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Decompression
Problems in Space
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Implications of DCS in Space Flight

* Drop from sea level pressure to ~4 psi, 100% O2
pressure
— Equivalent to ascent from fully saturated 120 ft dive
— Launch in early space flight

— Extravehicular activity from shuttle or ISS

PR’ L4088
R = = —
Pamb 1

e To have “safe” (R=1.4) EVA from shuttle requires
suit pressure of 8.2 psi

@ UNIVERSITY OF Fundamentals of Decompression

MARYL AND -4 ENAE 697 - Space Human Factors and Life Support
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Current Denitrogenation Approaches

e Depress to 10.2 psi for 12-24 hours prior to EVA
— Full cabin depress in shuttle

— “Campout” in air lock module of ISS
e Exercise while breathing 100% O2
e In-suit decompression on 100% O2 (3.5-4 hours)

@ UNIVERSITY OF Fundamentals of Decompression

MARYL AND s ENAE 697 - Space Human Factors and Life Support
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Mercury

Cabin
Pressure,
kPa (psia)

34.5 (8)

Cabin Oxygen

Concentration,

volume %

EVA Suit
Pressura,(!
kPa (psia)

EVA O, Pre-
breathe Time,
minutes

.

- S
——

EVA Prebreathe
Conditions

GeminifApollo

34.5 (5)

25.8 (3.75)

Skylab

34.5 (5)

25.8 (3.75)

Shuttle

70.3 (10.2)

29.6 (4.3)

40

In-suit (after 36
hours at 70.3 kPa)

101.3 (14.7)

29.6 (4.3)

2401

In-suit

1SS/US

101.3 (14.7)

29.6 (4.3)

120-140

Mask and in-suit;
staged w/exercise

2403

In-suit

Salyut, Mir,
|SS/Russian

101.3 (14.7)

21

40.0 (5.8)@

30

In-suit

References: Carson, et al. (1975), McBarron, et al. (1993), Waligora, et al. {(1993), NASA (2002), NASA (2003).

(1) 100% oxygen.
(2) In earlier versions of the Orlan suit, the pressure could be reduced to 26.5 kPa (3.8 psia) for short-duration work regime.
(3) Under emergency conditions, a minimum of 150 minutes of unbroken prebreathe is recommended.

from Scheuring eft. al., "Risk Assessment of Physiological Effects of Atmospheric Composition and Pressure
N in Constellation Vehicles” 16th Annual Humans in Space, Beijing, China, May 2007
@ UNIVERSITY OF Fundamentals of Decompression

MARY | AND ¢ ENAE 697 - Space Human Factors and Life Support
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Atmosphere Design Space with Constraints

P(DCS) (see Table)

= v
Curves of constant DCS P(DCS) R
probability for a 41.4 kPa (6 0 0.74
psia) space suit with a 60 i
minute prebreathe. Calculation 0.0005 0.97
based on 4 hr EVA with 0.005 1.13
exercise. Resultant design 0.02 1.27
space is shown shaded (green). g 1

- 0.05 1.40

uHIe EVA Preparation 0 0.088 1.50

| 0.15 1.61
0.20 1.69
| 0.25 1.75
0.30 1.81

-/ Eany Apono DeSign ¢
Skylab Mercury/Gemini/Apollo <

= Normoxic Equivalent
— Hypoxic Boundary
—— Assumed Flammability Limit
¢ Historical Designs
. l ; : : : . : 0
10 20 30 40 50 60 70 80 90 100

Cabin Volume Percent Oxygen 8

from Scheuring et. al., "Risk Assessment of Physiological Effects of Atmospheric Composition and Pressure
in Cons'rella’non Vehicles” 16th Annual Humans in Space, Beijing, China, May 2007
@ UNIVERSITY OF Fundamentals of Decompression

MARYL AND ,g ENAE 697 - Space Human Factors and Life Support

Cabin Total Pressure, psia

@
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Constellation Spacecraft Atmospheres

S

= Py F.O, PO, PO, Actual Altitude Equivalent Air
X < Environment psia mmHg (%) mmHg mmHg feet Altitude
= m feat

| E5 R R T
HABITAT

5,182 17,000

e R LI

from Scheuring eft. al., "Risk Assessment of Physiological Effects of Atmospheric Composition and Pressure
in Constellation Vehicles” 16th Annual Humans in Space, Beijing, China, May 2007

@ UNIVERSITY OF Fundamentals of Decompression

sy MARYL AND 3o ENAE 697 - Space Human Factors and Life Support
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|onal and Diving Career

40

93 in Bern (Switzerland), having a M.Sc. in Mech. Eng. from the Swiss Federal

chnology (ETH he has been working nearly 20 years in the computer science industry.
Janua 9 WEERe anager in one of Switzer- :

rprises, with focus on energy procurement. '

Ids a certificate as a National Instructor (I**** CMAS) and numerous other instructor R 4
iner certifications from CMAS, NAUI, PADI, FASSAS and SCD. Appointed Staff T : ' ‘
|V|ng by cmas.ch in 2004, he looks back on approx. 4500 dives all over the world.  #fdue \ A

_-'_E'F ies, cooperation with Prof. Dr. A.A. Biihimann in Zurich, with his direct involvement in the high altitude diving
and-test-program up to 2500m asl. He was the responsible software engineer who wrote the software for the
6 Blhlmann air-diving tables, as well as the high altitude dive tables for the diving expedition of a group of divers of
B itish Rhine Army at Lake Titicaca at 3800m asl. He also gave contributions to publications such as “Decompression —
: ompression Sickness (Buhlmann) and “Deeper into Diving” (J. Lippman) and numerous training aids of the Swiss Fede-
= rations SUSV and cmas.ch.

O’fl:eractlvmes 2004 — 2008 Vice President of the Technical Committee of CMAS International, 2000-2013 Member of the

~ ~Committee of Technical Diving of cmas.ch, from 2004 — 2013 Head of the Cave Diving Working Group in the Technical
Committee of CMAS International. Working as an international ITC CMAS Course Director in Turkey, North Africa and Ireland.
_He is the author of the Cave Diving Standards and Training System of CMAS International and of Swiss Cave Diving.

Together with Fritz Schatzmann he i is the author of the European reference book ,Hohlentauchen® (engl.: “Cave Diving”), and

ecommenaea.nb he \World Ungaerwate egeration VIA

He is also a founding member and former president until 2015 of the largest European cave diving association “Swiss Cave
Diving” and co-owner of the registered trademarks "Swiss Cave Diving", "Swiss Cave Diving Instructors" and "Swiss Cave
Divers". He is still working as a member of the board in the position of a Director of Standards.

Since 2006 he is the webmaster of the most visited cave diving website in Europe, www.swiss-cave-diving.ch . He lives with
his wife in the greater Zurich area.

He has given numerous presentations on decompression modelling and on Prof. Buhlmann’s work in Switzerland, many other
European countries, North Africa and Mexico.
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ivities of Preference...

T L

—= Na ' the deco-bar after a 80m Trimix dive at
~the Milford Haven, Genova)

,.‘—:




