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Introduction Simulation

Numerous of decompression algorithms exist to get divers safely back to surface after a Procedures from the Copernicus model were calculated using nonlinear optimization
dive without suffering from decompression sickness (DCS). Different algorithms can be giving the fastest possible decompression with the constraint of VGE < Ill. The
characterized by conservatism, stop depth distribution and exposure scaling. We have procedures were compared with VPM, RGBM and Buhlmann using V-Planner and GAP
previously presented a new dynamic, dual phase decompression model, called software. Implementation of Copernicus and simulation results of the profiles were
Copernicus [1], and validated it against human data of ultrasonic measurements of carried out in Matlab. Various dive exposures and decompression regimes were
Venous Gas Emboli (VGE) [2]. VGE is recognized for being an objective and relevant compared including long/shallow vs deep/short, high exposures vs low exposures and
stress predictor for DCS and has been hypothesized to improve the observability of the enriched air nitrox (EAN) decompression.

fundamental bubble dynamics within the Copernicus model. Later we have demonstrated
how procedures can be calculated using numerical optimization. The present work
intends to demonstrate practical implications of these improved model fundamentals. Results

Exposure scaling

Methods It has been previously shown that many o [ w " 3 Type 100
Nitrogen fraction, N - - - ' o " peses
Ultrasound 2 The Copernicus model decompression algorithms fail to get divers safely to Mo ]
=canner _ —~ the surface with air if the exposure increases enough ™ | )
ey [3], which is shown in fig. 2. Despite being designed %122 :
; to satisfy a “safe” stress level, the real risk increases & |
. - g 60 — g DSM/7/86
Figure 1 more rapidly than what the traditional models cope 0 | o %
with. A better model of bubble dynamics would require | e
Concept |Ilu§trat|on total decompression time to increase more rapidly R R R ETRTET)
| derives Into: with scaling exposure. A comparison between Bottomn time [min
ol Copernicus and other modern models is Figure 2: Most of the DCS incidents happen on

Aorta exposures where PrT>25

demonstrated in fig. 3 and 4.

Cardiac output,

0

Fixed depth Fixed bottomtime
45 - ! ! ! ! 45 | | | i i
fffff RGBM (nominal) —RGBM (nominal)
Stroke VOIUme, Sy T = f‘ (CC:, U;) - VPM-B (+2) I - VPM-B (+2) |
----Biihimann ZH-L16B GF20/85 ----Biihimann ZH-L16B GF20/85
Yy = hm (x,, ’U,) 350 — Copernicus (1.5) 35- — Copernicus (1.5)
Capillary system = = |
/ £,30 - £30"
o o
where: €25/ ] Eo5
3 3
§ 20 24 msw P § 20/ [
| —=b — Q_L+Pme a1 1 )_Tz — _ 915_ .. - 7 "(515— y -
5 (TQ ' F2i—1 ra e mgi—l 5 I9 |9 ==/ 20 min
4 p ) ] ) L
Ambient Pressure, P, | . P51 Bry;—q 1 meta . 10 10
[z, u) = i ﬁ (u2x5 — T2i) U2+4i + Pri () 5. . _ 5
: Blood 0 - |/ | | il | | | | 0 /1/ | /"/'// | | | |
oot ' 5 10 15 20 25 30 3 40 45 50 5 10 15 20 25 30 3 40 45 50
\ I — /' i U1 i Bottom time [min] Dive depth [msw]
f \i\{ A Figure 3: Total decompression time scaling with increased Figure 4: Total decompression time scaling with increased
] /?T . " " " " " "
f S Arterial gas B (2, 1) =— ki Z 5.3V % wi — Vi bottom time for a given dive depth dive depth for a given bottom time
Venous gas concentration, . !
consentration, c ’ .
Tissue element “ -
N © =[r1 Pty 72 Pr.2 Famy Acknowledgement
. T . : . .
w = Pamp fn2 w1 wo ] This study has been supported by UWATEC AG, Switzerland and by the Norwegian Petroleum Directorate, Norsk Hydro, Esso

Norge and Statoil under the "dive contigency contract" (no 4600002328) with Norwegian Underwater Intervention (NUI).

Enriched Air Nitrox
Air
40 ! deco ! 4 40 EANB8O deco ! 4
______ -—- RGBM | | -—- RGBM
S S AN VPM ' 35 S R S — S — | VPM 3 5
s - Buhlmann --= Biihimann
30- | I __________________________________________________ _____________________ ,//"_—__ — ﬁ(l;opernicus ~ 3 30- 1 | ___________________________________________________ ___________________________________________________ _________________________ — Copernicus| 3
; | T = | =
'§' __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ -25 € '§' 25 €
n - ) -
E s E :
= 20-| o) ;)’ = o
5 s % $
i —— 158 O 8
................................. 3 3
10_.. __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ ] 1
R R T S O A A A o S S _ 05
0 Rt G | | 0 P i i i
0) 50 100 150 200 250 0) 50 100 150 200 250
Time [min] Time [min]
Figure 5: Simulation of 40 msw / 24 min doing air deco Figure 6: Simulation of 40 msw / 24 min doing EANS8O nitrox

deco at the 9, 6 and 3 msw stop

40 msw / 24 min 26 msw / 50 min
- i | | | 50 - ' l !
B AIr B AIr
= 40 HHEANSO = HlEANSO
£ E 40
= £
= 30F o=
S S 30¢
0 n
7, 7,
GLJ 20_ GL)
3 £ 20"
S S
O O 39%
O O
‘lc—g 10* .|C_E 107
O O
- -
0 RGBM VPM-B  Buhlmann ZH-L16B Copernicus 0 RGBM VPM-B  Buhimann ZH-L16B Copernicus
(nominal) (+2) (GF 20/85) (1.5) (nominal) (+2) (GF 20/85) (1.5)

Figure 7: Effect of EAN on calculated deco time, deep / short Figure 8: Effect of EAN on calculated deco time, long / shallow

Conclusions

There is no straight forward answer whether Copernicus is "more or less conservative”
than other models, In order to keep VGE at a consistent level, the deviations are
dependent on type of exposure. The most apparent difference is significantly more deco
time on long and/or deep air dives. These types of dives are preferred with EAN deco
gas, which clearly is demonstrated by Copernicus. We suggest that with a quantitative
model like Copernicus, a more consistent risk suppression can be achieved.
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