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A Study on Optimal Nitrox for Safe Underwater Works:
Diving Simulation-Based Assessments

Woo Dong Lee™

'Corresponding Author Abstract : Nitrox diving was introduced by the NOAA (National Oceanic and Atmospheric
Woo Dong Lee Administration) to increase the oxygen content and lower the nitrogen content in

Tel : +82-55-772-9126 respiratory gases. The commercial diving sector specializing in underwater operations

E-mail : wdlee@gnu.ac.kr has recently introduced regulations on the use of Nitrox. Because the respiratory gas for

Nitrox diving has a lower nitrogen content than the normal air, the amount of nitrogen

Received : October 24, 2019 dissolved in the body is small, which not only significantly reduces the decompression
Revised : December 2, 2019 time compared to air diving, but also reduces the chance of exposure to decompression
Accepted : December 3, 2019 sickness. In this study, we applied the VPM (Varying Permeability Model) algorithm to

virtual diving with air and Nitrox as a respiratory gas, respectively, to study the optimal
Nitrox diving for the safety at the underwater works. The results showed that Nitrox diving
had a longer NDL (No-Decompression Limit), a much shorter depression time. In other
words, Nitrox diving in underwater works is safer from decompression sickness than
commonly used air diving.

Copyright@2020 by The Korean Society Key Words : nitrox diving, underwater work, commercial dive, decompression model,
of Safety All right reserved. underwater safety

.ME el delAl o7] HsliAle dHAIRE Aol

R, ARAAE Aol wiEshs AedadE 7

PEzIFe]l AT A bdrleA #oF gk uw A A Ahe AEaE
T2, =41 10 m ofdolA] HE] SFYAE o 717 oo, xms} QA EAFo] YERd 4= ek 3t

&

°l U Aol AshH, Abdoll o]27]= ek thA] el
°f SR UeA Be G AeAYS aet
eEEW, 25 AFAIZ] 7‘011‘# 2rdae4do] 2 L Aol ojFui= oujo|7| = 3jut.
al
S5

=55 1 HdEs Wb oA A Aezrd Aol e AP 7oty Bul )

AHE ol A AP E7] wfZol] SAFET A kA MAZolth, HE AR A= 1/200 A L] AFYA}
27} st I8 YeEllEs oz deA o, aga Sy

g2 ofo]dE Zget hFEO Frp= 4k 21%, gt AFH] Z420] APLE-S 1997-2003 Hat 1/47,619
Ax 78%E A4H 378 SFIAR Al%?‘&ﬂk o] 2 n2a dEEC 28] AE =0, A3w ZAgrch
713 tiaeal Aol w2 =AY, 5 AFAITE 238HjLF =2 AMRF4R0] AMIALILES Fo|dl, F
o] dojd -, ARA R Hotes YaFo| 2 9] M-S R 4 gl TR o] atE
A3] Skt *J% Aol Y AR Ael A 19709t NOAAO|A] AFAH]E =o]3, ZAHIE L
27t 555 5o & vre R IR wijEdh 18y 3t = VA7 =Y = Qleh oA S A Ax(Nitrogen) 2} A

TZEAMOEN HFESZSHI ZW 4 (Department of Ocean Civil Engineering, Gyeongsang National University)



OIFIBE £ 30l 98t AN LIo|ESA D& B4R Bt

4(Oxygen)®] TAOIZ Lo ESANiton)2} B2
AbAH|EO] 21% o|AFe] Lo]EEAE EANx(Enriched
Air Nitrox) 2 37|53, AFAH]E-0] 32%, 36%<] EAN32
o EAN36= T2 ARgRith ghdl, #lae]oflold =
ANA= HYolEELS] Mol &3] ASH I 1
it AR FEls ARdor paithe AR
oA = HolERA ARGl gt F7do] FZofAjok
ARFE A, ol EZAE F7|RTt Aauyh W)
wjzof FardAke) Aol S24E= Fawpo] Aof
Atk &, YolESA e 3717l vlsl] Al
Te A7IHo2 Y 4 Unh weEbA told Aol
A7 dep S2| = o] Wshe= A fol A
s "ok SHANE Yol ERA s 257119 Ab
2|7} Fob 371Fre] Hlsl AT =l eEE S
o] Erh. BFIAY Aaruge] UE SRS
Helal slolslaL tolE2s WHtAASS 43
stolof gl

FeloAlt Age] ms il % 4ol
AR = ley. 2®ak olel HSE(Health and Safety
Executive), NOAA, U.S. Navyd} Z+& Z7}7] o)A o}
ojHf HZ fIRt Fvle ol 2 =¥E 710
Utk SEyEte A= ARARRl HeE A7 =
Ao A =PI YO o] EZ ol
ATF=AE A7 Hueld A AAEE &
skl F7IRFet Blagt YolERA o] FE,
AL ZARBIATHY. 183 o] EZ 7] 24
S0l cholw o] ApgAlE Aol gt AR A7}
S AT HE, Aol AFE UYEd VPM
(Varying Permeability Model)?& ©o]&3}o] EAN32,
EAN362] 2848 B7FstAct?. el 2dpal,
At w2 AFAIS EA5k st a4
ol ARSI ST A, 28, ol &
3 A= A= Ak

2 AFoMe A 52
ol A84e dESH] fdl
TEOE FIYSy Uolrt Ao wE A
O|EFATL QAT WA= S A5t
Zh}ie] Hgde AT

%o K

x

o ol

Fig. 13} Zro] &-E2] {2|(4] (1) A-gsto] =
of w2 Z7)9] A4S} A AO] HHoLS AXEE 22 Q)
t}. Fig. 1614 $=24l0] 2 &5 =9to] F7iste] uf

eH=eRN S| X, M35 A|1=, 20204

20

Depth (m)
»
o

=23
o

80

100

0 2 4 6 8 10
Partial pressure (atm)

Fig. 1. Partial pressures of oxygen and nitrogen due to water
depth for air diving,
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Table 1, NOAA oxygen exposure limits®

(PO>)max | Maximum single exposure [min] |Maximum per 24 hr [min]
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1.55 83 180
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Fig. 2. The partial pressures of oxygen and nitrogen due to
water depth for nitrox diving.
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Fig. 3. The partial pressures of oxygen and nitrogen due to
water depth in nitrox diving.
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Table 3. Underwater working conditions

Gas Working depth, /4, [m] | Working time, 7, [min]
s 5, 10, 20,
Air, Nitrox 25. 30, 35, 40 120

Table 4. Nitrox conditions due to working depth

hy [m] | 5 10 15 20 25 30 35 40
EANx | 93 69 55 46 39 34 30 27
AFO, | 072 | 048 | 034 | 025 | 0.18 | 0.13 | 0.09 | 0.06

Table 5. Diving conditions used in diving simulations

Movement speed [m/min]

Surface interval time [hr]
Descent Ascent

15 8 6 24
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Table 6. NDLs and EADs due to breathing gas conditions

hy, [m] Air Naitrox EAD [m] EANx

5 O O 0 93
10 @) @) 69
15 x @) 4 55
20 x O 10 46
25 x x 17 39
30 x X 23 34
35 x x 30 30
40 x X 36 36
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Fig. 4. Comparisons of diving time profiles between air and Nitrox diving.
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Table 7. Decompression times due to breathing gas conditions

P Decompression time, 7, Decreasing rate,
w [m] . X 0
Air Nitrox AT geco R [%)
-15 00:05:51 00:01:52 00:03:59 -
-20 00:38:49 00:02:30 00:36:19 -
-25 01:19:39 00:09:42 01:09:57 86.63
-30 02:05:03 00:45:00 01:20:03 63.97
-35 02:53:12 01:32:34 01:20:38 46.19
-40 03:46:13 02:31:39 01:14:34 3271
Averaged value 57.38
unit: HH:MM:SS
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