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Agenda:

→  From the Model to the Algorithm and Implementation

• Tema con Variazioni: TTS 

→  Basic Limits of Perfusion Models: Concerto Grosso

• „Die Grenzen meiner Daten sind die Grenzen meines Modells!“

• Extrapolations … & why linear extrapolations won‘t work

• Yo-Yo, Repetitive Dives, the „Helium Penalty“, … (NPA)

 

→  empirical Adaptions: how do they work? Fuga

• How was the RDP® created?

• temperature, workload, oxygen corrections

• Cosi fai tutti: deep stops

→  Coda: „executive editing, typoos & undocumented features“

→  Bonus Material: VPM seems to simulate strange bubbles …

http://www.smc-de.com/
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“The sciences do not try to explain, 

they hardly even try to interpret, they mainly make models.

By a model is meant a mathematical construct which,

with the addition of certain verbal interpretations,

describes observed phenomena. 

The justification of such a mathematical model

is solely and precisely that it is expected to work.”

John von Neumann

http://www.smc-de.com/
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From the Model to the Algorithm and 

Implementation (1)

Observation / experiment 

formulates a

problem or idea

Physical / physiological 

theory gives model

(simplified description,

limited data, limited under-

standing)

Implementation in software gives:

program or „table“

mathematical method

gives the: Algorithm

(how to compute, limited

time & mathematical tractability)







http://www.smc-de.com/
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From the Model to the Algorithm and 

Implementation (2)

Idea !!! → Model

  

 Implementation

                 → → →


Algorithm






http://www.smc-de.com/
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tema con variazioni: TTS …
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Test Dive: air @ 42 m, 25 min. bottom time  

       for e.g. the wreck of the „JURA“ / lake of constance

http://www.smc-de.com/
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tema con variazioni: TTS …
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Test Dive: air @ 42 m, 25 min. bottom time 

TDT = Total Dive Time

TTS = time-to-surface (sum of all stop times + bottom depth / ascent rate)

TEC = Uwatec / Scubapro Aladin TEC 2G, ZH-L 8

ALADIN [2] = Uwatec / Scubapro Aladin Square

DECO 2000: Max Hahn

FwDV 8 = Feuerwehr-Dienstvorschrift 8 Tauchen, per 03/2014 (up to 36 m)

Galileo G2 = Uwatec / Scubapro, HW 1.0, SW 1.2 per 08/2017 

MATRIX = Uwatec / Scubapro Aladin Sport, Matrix-Display; ZH-L 16 (09/2016)

Ratio iX3M = Mix gas computer from DiveSystem (IT), Version  APOS 3.1.6 from 07/2016

RGBM = printed table from rgbmdiving.com

SAA DeeP = British Subaqua Association, SAA Bühlmann DeeP-Stop System Handbook [187]                         

Subsurface = Subsurface 4.5.6  2016 / 4.7.4  2017; (subssurface-divelog.org/de/)

USN  2016 = Rev. 7 of the USN Diving Manuals, 01.12.2016

MDv = Marine Dienstvorschrift 450/1 Anlage 6 (equivalent to DRÄGER Table 210, from 1984)

OSTC 3: Testequipment, Softwareversion V 0.9 from 05/2013

ZH-83 & ZH-86: Bühlmann; [4] 1983,  p. 66; [65] 2002, p. 225 

a-/b-coefficients? HT? air pressure? water density? water temperature? 

Rq? Albert Alois correction factor: + 1 m, + 3 %? 

Floating Point Precision? Truncations? Math. Libraries? 

 … ? … ?? … ???

http://www.smc-de.com/
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Stop depth / 

method:

24 m 21 m 18 m 15 m 12 m 9 m 6 m 3 m TTS Rem.:

FwDV 8 0 Not allowed!

BSAC 88 1 6 --- 10 26‘, ascent 3‘

OSTC 3 V 2.13 1 6 12 ZH-L 16 C,

GF 99 / 99

RGBM 1 2 3 3 7 16 table

MDv 450/1 5 15 20 + ca. 4,2 !

IANTD Air 1 4 3 18 26 Table 

ZH-83 3 5 14 26

DIVE 3_3 2 6 16 28 TDT = 52

Ratio iX3M
APOS 3.1.6                         

1 4 5 14 28 TDT = 53,ZH-L16C

with: GF 93/93

U.S.N. 2008 26 31 140 feet

USN 2016 3 24 33 140 feet

ZH-86 4 7 19 33 42 m / 27 min

DECO 2000 1 4 8 16 33

DIVE 3_3 4 7 19 34 Bühlmann correction factor, density 

adapted

SAA DeeP 27/1‘ 1 1 1 25 --- 34 ZH-L 16 C

DCIEM 7 8 17 36

TEC 3 k.A. k.A. 36 L0 (Level Stop)

ALADIN [2] 2 k.A. k.A 40 L0

Galileo G2 3 7 23 40 L0

Hahn DC-12 5 5 9 25 47 24 min bottom time

MATRIX 4 16 26 49 L0

Subsurface 2 3 5 6 10 15 52 VPM 0

http://www.smc-de.com/
https://www.divetable.info/DIVE_V3/index.htm
https://www.divetable.info/DIVE_V3/index.htm
https://www.divetable.info/skripte/p125936.pdf
https://subsurface-divelog.org/de/
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Basic Limits of Perfusion-Models

Extrapolations …

… & why linear extrapolations 

won‘t work

Yo-Yo dives, Repetitive Dives, 

apnea, the „Helium Penalty“ , … 

(NPA)

10

http://www.smc-de.com/
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Source: 

UWATEC

http://www.smc-de.com/
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Limits …

depend if you take a:

→ holistic

or

→ reductionistic

look at DCS
12

http://www.smc-de.com/
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Limits …
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simply „Inertgas-Bookkeeping“, mono-exponential per

compartment

Inertgas saturation & de-saturation is symmetrical, i.e. the time-constants

(HT) for both processes are identical

All compartments are in a parallel circuit, serial circuits like spleen → liver or 

bowel → liver are not considered

Biometrics (age, VO2, max (fitness), BMI, …, ) and Adaption are not 

considered

high workload, temperature and high pO2 (i.e.: vasoconstriction & 

bradycardia) are only partially considered  

High pamb  (high gas density) changes:  the Ventilation/Perfusion ratio, the 

dead space, the diffusion path, the difference palv – part and a phase transition 

from laminar to turbulent situation, the non-linear increase of CO2 

production by the respiratory muscles

dynamical change in the capillary bed: the ratio of „dormant“ vs. „working“ 

capillaries / alveoli, shunting (cardiac / pulmonary), …

the 2nd.  (the n. th) repetitive dive and thus: de-hydration, haematocrit, 

Endothelial Dysfunction, MP, ROS, ci-miRNAs, … , … , … ,  

WARNING: this is not a concluding list!

http://www.smc-de.com/
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DON / DCS
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„Wenn es zum Fußballspiel geht oder zum Wochenend-Besäufnis

wirkt DCS sehr schnell ansteckend!“ (© ALBI)

Quelle: Brit. J. industr. Med., 1957, 14,5: Lewis, H. E. & Paton, 

W. D. M.: Decompression Sickness during the sinking

of a caisson, p. 10

(Original: “It is not infrequent, for instance, that eagerness to go to a

football match, or to collect and spend the week’s pay,

lead to a severe outbreak of bends“)

Source: [65], S. 154

http://www.smc-de.com/
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DON / DCS
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“ … my contention,

that each cause of bends is simply an act of God –

if one is to believe the victim!“

George F. Bond, in: [130] (TOC)

Siiteri, Helen A. (1993) Papa Topside, 

The Sealab Chronicles of Capt. George F. Bond, USN;

download @ Manuals_4_free:

https://www.divetable.eu/130_complete.pdf

or:

Naval Institute Press, Annapolis, Maryland,

ISBN 1-55750-795-3 , p. 252

http://www.smc-de.com/
https://www.divetable.eu/BOOKS/130_toc.pdf
https://www.divetable.eu/130_complete.pdf
https://www.divetable.eu/130_complete.pdf
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DON / DCS Type I @ 8.5 m
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„Die Grenzen meiner Daten sind 

die Grenzen meines Modells! (*)
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(*) Ludwig Josef Johann Wittgenstein 

(* 26. April 1889 in Wien; † 29. April 1951 in Cambridge):

“Die Grenzen meiner Sprache bedeuten die Grenzen meiner Welt!”

From his famous book: Tractatus logico-philosophicus, Satz 5.6  

http://www.smc-de.com/
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„Die Grenzen meiner Daten sind 

die Grenzen meines Modells! (*)
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Source: Boycott AE, Damant GCC, Haldane JS. 

The prevention of compressed air illness. J Hyg. 1908; 8: 342–443

p. 357,

footnote:

p. 368:

http://www.smc-de.com/
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„Die Grenzen meiner Daten sind 

die Grenzen meines Modells! (*)
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Quelle: [89] Robert Henry Davis: Deep Diving and Submarine Operations:

A Manual for Deep Sea Divers and compressed Air workers, S. 103

http://www.smc-de.com/
https://www.divetable.info/books/89_cover.jpg
https://www.divetable.eu/BOOKS/89_toc.pdf
https://www.divetable.info/books/89_cover.jpg
https://www.divetable.eu/BOOKS/89_cover.jpg
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Perfusion  Altitude: LEM (linear extrapolation of M-Values)

Perfusion & Altitude: LEM (linear extrapolation of M-Values)

Pabs [Bar]

P
c

o
m

p
a

rt
m

e
n

t 
[B

a
r]

45 °

1 2

1

2

Diving Depth [m]
100

3

4

5

3 4 5 6

20 30 40 50

 surfacing values: M0

6

Half Time 4 min,

Perfusion large:  → 

P comp = Pamb / b +a

for the 4 min compartment:

b = 0.505

a = 1.2599

M0 = 1.0 / 0.505 + 1.2599 =>

M0 = 3.24

http://www.smc-de.com/
http://www.smc-de.com/
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„Die Grenzen meiner Daten sind 

die Grenzen meines Modells! (*)
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Altitude Diving:

→ LEM: Linear Extrapolation of M-Values (Bühlmann, Hahn, …)

→ CRT: Constant Ratio Translation („Cross“ correction, …)

→ CRE: Constant Ratio Extrapolation (Boni, Wienke, …)

→ NLHE: Non-Linear Hypobaric Extrapolation (Egi, Gürmen, …)

→ .

→ ..

→ …

and, opinion:

„There is no documentation of the efficacy of this method”

Medical Aspects of Harsh Environments; Vann D., Vorosmarti J.,

Vol. 2, Chapter 30 , p. 946

WARNING: this is not a concluding list!

http://www.smc-de.com/
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Helium Penalty
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Grahams Law:

Diffusion rate is proportional to the square root of the molecular weight 

 

the molecular weight of Nitrogen (N2) is ca. 28, 

the molecular weight of  Helium (He) ca. 4; 

this ratio is 28 / 4 = 7

the square root  of 7 is ca. 2,65. 

Ergo: HT N2 / HT He = 2,65 is used for mix gas (Trimix)

BUT: …
Sources:

→ D’Aoust, B.G., K. H. Smith, H.T. Swanson, R. White, L. Stayton, and J. Moore. 1979, Prolonged bubble 

production by transient isobaric counter-equilibration of helium against nitrogen. Undersea Biomed Res. 6(2): 

109 -125

→ Doolette DJ, Upton RN and Grant C. (2005). Perfusion-diffusion compartmental models describe cerebral 

helium kinetics at high and low cerebral blood flows in sheep. J Physiol. 563: 529–539

→ David J. Doolette , Richard N. Upton , Cliff Grant Journal of Applied Physiology Published 1 March 2015 Vol. 

118 no. 5, 586-594. Altering blood flow does not reveal differences between nitrogen and helium kinetics in brain 

or in skeletal miracle in sheep

http://www.smc-de.com/
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Yo-Yo, repetitive dives, apnea, .. 
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p. 64, Thalmann

p. 19, Hahn →

„Yo-Yo“;

Fish

Farming

profiles;

…;

http://www.smc-de.com/
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Yo-Yo, rep. Dives, apnea:

NPA 

(Never Properly Adressed …) 

24

→ Multi-Level (versus box-profiles)

→ Trimix (versus „binary“ mixtures like Air / EAN or Heliox)

→ „endless loop“ in the tables with repetitive dives:

DCIEM: corrective procedure via increase of RF (repetitive factor)!

And, and, and, …

WARNING: this is not a concluding list!

http://www.smc-de.com/
https://www.divetable.eu/p125936.pdf
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Yo-Yo, rept. dives, apnea, … 
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http://www.smc-de.com/
https://www.gtuem.org/files/650/caisson-nr-2-18.pdf
https://www.gtuem.org/files/650/caisson-nr-2-18.pdf
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Basis of the empirical adaptions
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Source:

[65], p. 117 & 129

http://www.smc-de.com/
https://www.divetable.info/books/65.pdf
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Basis of the empirical adaptions
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empirical adaptions:

temperature, workload, oxygen 

corrections, deep stops, … Fuga

29

Temperature:

Quelle:„Accounting for Cold Water Effects in a Decompression 

Algorithm“, Sergio Angelini in: Lang, M.A. and M.D.J. Sayer (eds.) 

2007. Proceedings of the International Polar Diving Workshop. 

Svalbard, March 15-21, 2007. Smithsonian Institution, Washington, DC. 

213 pp. S. 55 – 62

Halftime (normal) [min] 40 80 160

Perfusion (normal) [l/min] 0,41 0,96 2,47

Halftime (cold) [min] 59,6 97,6 166,4

Perfusion (cold) [l/min] 0,21 0,29 0,17

http://www.smc-de.com/
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empirical adaptions …
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workload:

 HT_work = HT_rest / (1+WF(VO2_work − VO2_rest))

Source: Doolette DJ, Gerth WA, Gault KA. Probabilistic Decompression 

Models With Work-Induced Changes In Compartment Gas Kinetic Time 

Constants. Navy Experimental Diving Unit, Panama City, FL, USA; in: 

UHMS Annual Scientific Meeting, St. Pete Beach, Florida, June 3-5, 

2010, Session A6

oxygen corrections:

Source: Flook, V: 

Predictions from a

mathematical model of

decompression compared to

Doppler scores. UHM 2011,

Vol. 38, No. 3, p. 189

http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti; deep stops: 

→ Method USN for Heliox tables: 

fast, sensitive compartment, i.e.: short halftime, low inertgas-tolerance

→ Method Haldane, „Papa Topside“ (George F. Bond), Bühlmann, …

All ☺ :

percentwise decrease of the allowed / tolerated inertgas saturation

 … aka: „Gradient Factors“

→ equivalent to method COCHRAN, MARES, SUUNTO, etc.:

Safety Factors = percentwise increase of the calculated inertgas 

saturation

http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti: deep stops & USN

Results from the USN / NEDU „deep stop“ study:

→ NEDU Report

→ Source: NEDU TR 11-06 July 2011

→ REDISTRIBUTION OF DECOMPRESSION STOP TIME FROM 

SHALLOW TO DEEP STOPS INCREASES INCIDENCE OF 

DECOMPRESSION SICKNESS IN AIR DECOMPRESSION DIVES. 

Navy Experimental Diving Unit, Authors: DAVID J. DOOLETTE, 

WAYNE A. GERTH, KEITH A. GAULT.

http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti: deep stops & USN
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http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti: deep stops & USN

http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti: deep stops & USN

http://www.smc-de.com/
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Cosi fai tutti: deep stops & USN

http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti: deep stops & USN

http://www.smc-de.com/
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empirical adaptions …
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Cosi fai tutti: deep stops & USN

http://www.smc-de.com/
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How was the RDP® created?

39

http://www.smc-de.com/
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RDP®: Reduction of NDL / M0
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Source: [3], download @ Manuals_4_free:

The DSAT Recreational Dive Planner: Development and validation of 

no-stop decompression procedures for recreational diving, Hamilton, 

Rogers, Powell, Vann, 28 Februar 1994, p. 20 & 21

http://www.smc-de.com/
https://www.divetable.eu/3.pdf
https://www.divetable.eu/3.pdf
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Source: [3], abstract, p.1

Reduction of U.S.N. NoDecompressionLimits → 

implies reduction of M0

Data base:

n = 911, single square & multilevel

n = 475, repetitive square

(thereof 51 with 6 per day)

Result:

http://www.smc-de.com/
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Coda: “executive editing, typoos

& undocumented features“

42

→ „The final tables contain a variety of executive edits to 

algorithmically-computed entries.“

(Source: NEDU TR 09-05 / TA-8-20, p. 1 & 5)

→ ”Did Haldane really use his ”2:1”?

(Source: Tech Diving Mag, Issue 25 / 2016, p. 13 – 20)

→

(Source: Proc. of the 4th Symposium on Underwater Physiology, 

p. 215 )

http://www.smc-de.com/
https://www.divetable.eu/TDM/TDM_Issue025.pdf
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VPM seems to simulate strange 

bubbles …
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Bonus Material:

VPM seems to simulate strange bubbles

VPM is the „Varying Permability Model“

Sources:

and

D.E. Yount,

D.C. Hoffman: On the Use

of a Bubble Formation

Model to Calculate Diving

Tables. Aviation, Space,

and Environmental

Medicine, February,

1986, 57: 149 – 156

44

http://www.smc-de.com/
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_Hoffman_1986.pdf
https://www.divetable.eu/PAPERS/Yount_1979.pdf
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Bonus Material:

VPM seems to simulate

strange bubbles …

Goldman, Saul; 

Solano-Altamiro, J. Manuel;

LeDez, Kenneth M (2018)

Gas Bubble Dynamics in the Human Body,

AP Elsevier, ISBN 978-0-12-810519-1

[199]

45

http://www.smc-de.com/
https://www.divetable.eu/BOOKS/199.pdf


logo_small

46

VPM in a nutshell:

- 5 Parameters, via best fit with established tables:

→ USN (United States Navy)

→RNPL (Royal Navy Physiological Laboratory)

→Tektite, saturation dives @ 110 feet, Carribean, 1971, with  

ca. 21 h decompression 

- Test-Bubble, min. initial radius r0 min ca. 0,8 µm

- Surface Tension: Γ = 17,9 dyn/cm

- Skin Compression: Γc = 257 dyn/cm

- Regeneration Time constant: 20160 min

- Composite Parameter λ = 7500 fsw x min

- (Onset of impermeability: p* = ca. 9.2 ata)

http://www.smc-de.com/


Pb

Pa

Pt

PΓ

Perfusion Limited

Gas Exchange

Diffusion Limited

Gas Exchange

Tissue

Elasticity

Ambient

Pressure:

Surface

Tension

Pb > =  Pa + Pt + PΓ

Pb =  PH2O + PN2 + PO2 + PCO2 + PHe

PΓ = Γ * 2 / r 

Hydrostatic

pressure:
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The „real“ physics: 

only the basic pressure components:

Pb > =  Pa + Pt + PΓ

with:

Pa  = Phydrostatic + Pdynamic/blood

Pt  = H * V

PΓ  = Γ * 2 / r

R : radius of the bubble

V : volume of bubble ( = displaced tissue)

H : tensor of bulk modulus for tissue elasticity 

Γ : surface tension constant

only the partial pressures of the gases:

Pb =  PH2O + PN2 + PO2 + PCO2 + PHe

http://www.smc-de.com/
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The critical radius rc
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Metastable state, bubble either:

→ crushes

→expands

Pb  =  Pa + Pt + PΓ

 Pt = 0, thus:

 Pb  =  Pa + PΓ = Pa + Γ * 2 / r

rc = Γ * 2 / (Pb – Pa ) = Γ * 2 / PSS

 

Supersaturation PSS = Pb – Pa 

http://www.smc-de.com/
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The critical radius rc
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But that‘s only (linear) theory!!!

In reality:

2nd stable point („saddle“)

around 70 → 120  μm!

(due to ~ r4
c+ r3

c+ r2
c+ ….)

[Monte Carlo Simulation

yields the same … ] 

[[ notwithstanding that „the

real DCS-bubble“ is

not spherical in shape … ]]

http://www.smc-de.com/
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The critical radius rc

51

practical

Application of Murphy‘s Law:

Linear Models 

produce simple, beautiful

and easy to understand 

wrong answers ….

© Albi

http://www.smc-de.com/
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