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A Case Study of Nitrox Usage in Diving Operation of
the Busan—Geoje Fixed Link Immersed Tunnel

Woo, Dae Hee

Major in Underwater Diving Science and Technology
Department of Maritime Management Technology
Ocean Science and Technology School

Abstract

The thesis tried to evaluate the efficiency and economical benefit of
nitrox diving by comparing with air diving. A survey was made of all
commercial dives carried out on the diving site of the immersed tunnel of
Busan-Geoje Fixed Link Project GK from 2008 to 2010. Data analysis was
done from a retrospective analysis of dive logs submitted by the diving
contractors. In all, 651 men-dive records were examined and analysed
under 15 parameters, such as dive depth and time, diving table depth and
time, breathing and decompression gas, etc. Nitrox diving accounted for
approximately 70% of the dives, the other 30% was air diving.

As the result, the study confirmed that the dives using nitrox have three
obvious benefits compared to those using air at a given depth. Firstly, the
diver use nitrox as a breathing gas and if using 100% oxygen for
decompression is to minimize the probability of occurrence of
decompression sickness. In addition, it was confirmed that the
decompression time can be shortened.

Secondly, the dives using nitrox had, in general, a much more working
time than those using air at a given depth. In addition the less amount of
residual nitrogen remaining in the body of the diver after diving operation.



Finally, the nitrox confirmed the reduction of construction costs and
shortening the working time been made, as a result of comparing the
virtual work period with air diving and actual construction period with
nitrox.

KEY WORDS: Nitrox diving YeolES2 Zk4; Commercial diving 4Fg &<
Immersed tunnel ZwjE]d; In-water oxygen decompression % AFA7F3t.
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Diving Supervisor’s Loghook
Part 6 — Record of Supervision

Date 3"—"'/9{/‘:’; Superv{sor‘s:gignaturen..d\:h?fﬁ:mj

Name of Diving CONIactor: ... st * e (TN P
Address of Divi%ontracior: .......................... Vetber CAAA-S....ric
Dive Location: £ ¥0 /2 TE. T=2/NM7 \essellnstallationpéhd

Direct Supervision/Gverat-Supervisiomr{delete as appropriate)

Surface/Bounce Dives

OFF. NO : USB-078308

No. of T Depth No. of Type of F S EnGof UMI*O%A
Dives ype P Divers Decompressio : Work
W el Do dumis
ET ol .: ".‘ ik nieiiin 3
A 380 Bew 25 / fE :j::“' 3;: L L2 | fo SupperttiScar
weT F2moE 337, preEpace f4r
B / 5'"4 o 7 o b, Ky =
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D
Ch3&/ Running Tatals SR o
Saturation Dives
No.of | Storage |Exeursion | “No.of Decompression Du;?il:L of Description
Dives | Depth Depth Divers Range Dive of Work
E
F
Ch Running Totals
Incidents and remarks: ... B 1M OO, L L Lt Whoctbrsoll 4

Diving Contractor Rep.'s Signature: ...,

L USR8 (210 8
N.H. PLEIZ |ER Gyeongsangnamdo, #645-510
SUPERINTENDENT South Korea

Fig. 2 Diving supervisor's loghook(Busan-Geoje Fixed Link Project)
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Fig. 4 Predicted pulmonary and cerebral toxicity limits of exposure to varying

partial pressures of oxygen(Edmonds, et al., 2013)
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2.2.3 HAA71A ¢k ppo,

Pp0; M

—

o5 E901, 29 molA 6083 F ATS FHE o 44k 54 AR &
Z T 2371A5 AAs] A8 He 2
Aol &+#H pe 39022 AXL

=

(D& AHEsHHE, ppo,= 142 7143}
o o3 HA &3 0.36o= Ut

NS UEhRE 36%9] AbaE Egshs ol ESAE AT + Ytk

=
%grlr
=

pp0, 9 &A= 4 e GAldd el =54 Aol BEARE dukzo s
ZAGAIZE, o] TR O FA 0wt 1.2-189 A= AAEC.
pp0,° &A= A wobd R 4] Fra H3Ql IMCAS
HSE(health and safety executive)7} pp0,2ol SAXE 1

2014b). =3F USNS] AT ¢ wEAMZ ppo,2] FEIAE 142 A3}
AtHNaval Sea System Command, 2008). ¥ =FA= <99 7|&S o
0,8 FEIFAZE 142 5o ATE NP5 h Table 1L ppo,7F 1.4Y

4 12-51 m Abo]&] HZ7|A o,
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Table 2 NOAA oxygen exposure limits(Joiner, 2001)

ppO, (ATA/Bar)

X
o 2

=

0.60 720
0.70 570
0.80 450+
0.90 360
1.00 300
1.10 270+
1.20 240+
1.25 225+
1.30 210+
1.35 195+
1.40 180+
1.45 180+
1.50 180+
1.55 1653
1.60 150+




2.2.4 MOD<} EAD

Yol EE 2 oA &F 71419 MODE ppo, 2] &34 oJs) A2A AT

3 5 7IAE YolEE2Y EgolYxE AMgste oA
= |

o) A BAES AxBE) A w5 AY FY A weA nEHcl} @

10 )— 1} 2)

0, 1.4 & FO,045 YHstHA 25.00]t. MOD(m)=10x (—)— 1}:25.0 Z,

0,7t 149 o) EAN40S AL83ted 258 & 9 Ht) 4412 250 molth.

UOo|EEXAE AR o] 74 AHApes F7|84k4], EAD =2 dAAXss
4], END(Equivalent Nitrogen Depth)e] 7@l A3t itk o] Axpe] 7]&
MEe 54 FAdA YolEFLE AR wo] Ao F7]E A o
o] AiasteE R A He FAS FIA O FAAY AHEAE BETE
Aoltt. o] Axt= A 303t v A E 2 HH 4 =F VAL FFEEETI
of Ar&Fo] gkthH(Rutkowski, 1994).

EADE ts9 2oz +& 4 Ut}

EAD(msw) = (FN,)(D+10)/0.79 — 10 3

FN, =dz2o v & (23 17])

o

7% A 2o )

Ne)
1
ol

0.7

N

D= (msw)
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S Aol e I EWlE(volatile solvent)e} =84 A& H(aqueous
based detergent)& Ab&3t= WH-& AAFTHIMCA, 2003a).

[>

A ZGo] By “4Fad A(oxygen-cleaned) ‘ol 2t BA|H HEEo

A5 AdY e A9y FHS(quads)ol FEFstar, Alsl dxkel AQdate] &
J AEE T F AE SAY FY2E AX8 U L9S AT

Fig. 62 23 &Ho] dRNA AMgste dASE Ady 28 2Ej7olth. 4

At ehlelt nlERE v A9 2
9 FoAgs A¥gel o W§ ol =gHrh Y= BCGABritish

Compressed Gases Association)e] 71<& Atso FAls W& AT + Aok
(BCGA, 2012).
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Fig. 6 Labeling of cylinder(BCGA, 2012)
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wh2)(partial pressure mixing), 94 &3 ®r2l(continuous flow mixing) o2
ot d4AE AASE HHE 4EAE ol &8 A F2E= 71A 9
ol GeA= e olfsle EFES Edske PSA(Pressure  Swing

Adsorption) 2=} # B # ¢l Egj(membrane separation) 2] 0 2 o Xt}

|

f

FF A WAL 2 A BAe AR FFE ASse BRd AFUF
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Fig. 10 PSA &3t

19A-4%F/E A A A
EAAE B, o] ol A%
WrEE ] Ahast AR

Fig. 10 PSA system(Oxygen generating systems Intl, 2015)
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Table 3 Diving industry's commonly accepted colour coding(IMCA, 2007)
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Fig. 15= IMCAS] ti&F 714 A&S 213 272 Aot}

i1 Shoulder colour(s) Short (8in/20cm)

alternating colour
bands

L Body colour

Type B

Coloured frame edges
(where appropriate)

Shoulder colour

Coloured frame edges
(where appropriate)

Specific marking flags

Fig. 15 Typical examples of quads and banks(IMCA, 2007)
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o) 22 Wy F%S Folw Reo) oa) AV £u 9w =)

Fig. 19 Concrete elements are closed in both ends with steel
bulkheads and are designed to float with a small freeboard
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Fig. 20 Elements are transported by the aid of tug boats to the

position where they shall be immersed
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7131 EPSE &3l A &stAl 71ekgslitt. Fig. 229 EPS7F ye} At

The EPS exists of the following parts:

Upper frame Adjusting

| T _

Fig. 22 External positioning system
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Fig. 232 el A4 MEsolnt #aAe WA A9 Falo Yoz

B 50 cm Hell 7hehetelt.

transponders
Fig. 23 Preparations before immersion

71E A SIFEd 422 FA Abolel AI-A(push-pull jack)¥ A ZE-H]

(primary support beam)2 4] 3-t}H(Fig. 24).

Fig. 24 Push-pull jack and Primary support beam
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3 2~(gyrocompass)®t 7 AHAl(nclinometer)ell A& o] A3ta =z A
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Fig. 26 Setting up a Taut wire system
12 A 3 14 AXE A YA "ol s WEE do] ¥ Alolo 77
RS WU WSS AL FY S Sge Bl glo] 5 &
Q =y

b A2 Q18] GINA ZQUE7F 4 AN T 847 AFATh olo] 95 25

N

L7} dlomega sea)& ARt HujgA7} At F=, e o5

z=AE

o]
g Muk gAe o7 FAHAORFE HFEY] fs) AL, E & o]&s Hu
$-71%t} Fig. 278 hAl AR ©we] GINA 71273 GINA ZZ2EEo]th

Fig. 27 GINA gasket and GINA protector
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AZbda Huigd @A Faegde da A8 nAAd S AR ST
e g vAde ol °F 80 m, ¥ 30 m, FESF 995 tono® Fh #HA
Aulek Al A2 ¥ F& VARE Ads] AR er%‘ TS B

A =43 s dEel met 24 HHKmooring) E= 43 =)
Aom, wpA o] AXE GPS(SI A AADNE Ol%‘cﬂ] el Ak A
FRlste] Ade FFL 5 AT

TN

Ll

A5 e wAMGE Fe] 150 ton Z@<le] Yom, Ao Ay 23
Azt o= AzE, FE AW Aozt AXHUL. siww
LARS(aunch and recovery system)7} 77 Kol AX| =L o=
o zre Al HHoOIY, AFA So] AAFHAH. e A
Zn] WA= Fig. 283 2ot

Fig. 28 Dive support barge
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Table 5=

AeREd &Y A FEA FAsel FAG Y gtk

Table 5 General tasks for dive plan immersion

Pre-Immersion

Immersion

After-Immersion

* Inspection of GINA
seal.

* Installation of
umbilical conduit.

* Test installation of
alignment/measuring
equipment.

* Installation of corner
pipe and blind flange.

* Installation of
push-pull jack frames.

¢ Attach cables for EPS
system.

* Installation of EPS.

* Removal of GINA
protection.

* Inspection of GINA
seal.

* Deck layout checks
and preparation.

* Inspection of mooring
and rigging.

* Cleaning bulkhead and
inspection of seabed
on previously installed
element.

* Installation of
alignment/measuring
equipment.

* Connection of taut

wire.

* Inspection of GINA
seal and seabed.
* Fitting for push-pull
jacks.
* Disconnection of
power/data cables.
* Removal of EPS.
* Deck layout removal.
(Bollard, Lifting lugs,
Fairlead, Swiveling
sheave, Horizontal
sheave, Access
shaft and tower,
Alignment tower,

Guide beam. etc.)

Fig. 20 Auled 25 @ge] 22 #5420t zm; Aae A5
& wA, S 700152 69 FAT AT F AAT FFAolt 21
A ook A wAETA 44 s GelUNT ABaIT 44
Fae 23 m@om, 084 112 3l 094 308 FRo] =xste] 6587
HeA e AWSAT Bk EE/AZE EANGOS AgSHaTh Fee

shAo] AXA g =ZE-#1ifting lug)E <

o Zte 3 molA 1183}
P8 mE FEAAT 1
o) Felg wopr)

(s
o0
ol

E

49 =F AEHE 55 FT
b ANk Azkdm
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IMCA Professional Diver’s Logbook
Record of Dive

Date of dlve/?/‘?'oS Diver's signature

Name of diving contractor:...... B
Address of diving contractor:.. WALt Aa
Divelworksite location:. (yﬂ- 6 Tﬁ'— Vesselhnstalk

Type of dive: K surface L] Wet bell F EIRQE}"“{']ES mBﬂ@ﬂEﬁ_

L] Other:

Bell Bounce or Surface Dives: G H T gg 5 tﬂns i
Maximum depth of dive: [ o] 2| 3| metres
Time left surface or started pressurisation: o B brs /| £ | minutes
Bottom time: | & | $°| minutes
Decompression completed at: o] 7] ns 2| o | minutes
Running total number of surface dives: = | |

For surface decompression only:

Surface interval: minutes

Time spent in chamber: EC] hrs minutes

Saturation Dives:

Storage depth: ft metres
Maximum depth of dive: ft metres
Bell lock-off BTRUKTONAFZIN S TECHNIEKdM-RY
Diver left bell: ard, Ifloor Mblyeongjp Buildingminutes
Diver returned to bell: [2{}5—1. Yongwon—dong, Jinhiees;
Lock-out time Gve ifeEnamdo,| #6415 5|1 Grinutes
Running total of lock-out hours [ Bouth Kdrea :|:| minites
Bell lock-on: hrs [ ] minutes

Type of helmet or mask used:.......... LmezT

Breathing mixture used ”’TA"DX 9‘ _/_{O

Work description, equipment and tools used =
AZEMOVE, . CIETING LU, .
Brokes Special 7o

X i;{yafmu e Mts

Type of decompressmn schedules used:...................s 4. 4] '-’IJA?E.J-;--StfaBtmans
Notes regarding any decompression su:kness or other illness gr injury;SupaNiscr.,.....

Any other remarks:

Reg i 494"

Date:

§ifgnature:

-~

Compan)r stamp

' /67- 28 O

Fig. 29 Diver's loghook(Busan-Geoje Fixed Link Project)
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312 &% 7|A e BFE

Avjeid @3] geAddels At F IF VAR YolES 20} 37
E AT #Ad 27)dE oF 10/1€3E 37)vhe AREE T 2y
A Aol JAH FRE Ao Ao wE e QIR ke vz
FHORE Yo|Ex2S] AHRS Tt

Table 62 2ol AFERE Z1Alolth A 6513] 9] 2y T UolE
2 4413 ARESREaL g7l 2108 ARgshelth. dA Ahf ARk 39,4061'?:01
Tk AREAIZE] FHA YolEF s 29,063% AHESHAI F7]E 10,343%
Abgshe] Lpo]| EF 0] ARgA|ZEO] oF 20) o] wWTh

ol

Table 6 Comparison of air and nitrox dive times

BE— Lo EEA 337 st A
ALg 3l 4413 2103] 6513
AFEA ZE 29,063% 10,343% 39,406%

Fig. 302 Yo|EE 2} F7]9 AHE Hlgolth. Yo|EE 29| ALE H &2 ¢F
68%0]3L Z7)19] AbE H &L 2%E Lo|EE 9] AFE H[Lo] ¢F 2] o)A &

=2 0T F AUtk
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AZ HIE(%)

313 54 ey B

i

Aued rAde 7= -4 ¥ FARE FF=9 18% FA7A F 18
Mol FAE AAs NAEHIDLS o= ZYgo|th 1H oA 9 A 71X
°F 1.6 kme Fzro] F4lS oF 8-33 m7tA| @ukdk AALE ZojXth 10
A FALe FA3] Zoix 13 FAldA A 50 me| 2 FAld
olg&th 1 = w189 FAZFA] A AE] mobA Ko AARE ooz
}.

Fig. 31& 2t ¥4 2 +
o uf
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Fig. 325 448 #44% Zxolth AmolA 10 mulwtelAe] gazele
508 AR EQlon, Tl 1M 18W Al o FolFth 2AZL 3,134

wolal e of 8%t AlFAHo® 11-20 molA Fr2hd 2 1863 Al
11,3932 0.2 A gl of 29%0l siddth
21-30 moll A Fr2bdS 195312 AJAIZEES 11,9400, Fa Hl&2 o
30%°1tk. 31-40 mell A Fr2Abd& 1813], APAIREE 11,0792 .2 F v+
= oF 28%°ltt. siAEE T3t TP A2 A TRERD 41-50 mol A & Fre

AL 393 AlPESoH, ZAAFL 1,860 2 AA Aol oF 6%l )
o3
200 195
186
181
150
100 ] FESSETED)
A (%)
50
50 39
29 30 28
8 6
0
10 mol i 11-20 m 21-30 m 31-40 m 41-50 m
=4 (m)
o]Fol A & F Axo] HFEE FFALS 11-40 m Alo]e] FA4lolA] A3 E
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lom, AA Frakelel 85%0) slgali 56289 24t AlWE AT Table 7
& UolESns B9 FAE FeAY BEolt

Table 7 Nitrox vs. Air diving distribution by depth

o] ES X R 37 BAF
A
A sl A2 e sl A Az
10 mo|f 233] 1,687% 273] 1,447%
11-20 m 94 3] 6,680+ 923] 4,713%
21-30 m 1503] 9,594 % 453] 2,346%
31-40 m 1443) 9,476% 373] 1,603%
41-50 m 308] 1,626% 93] 234 %
g A 4413] 29,063+ 210%] 10,343+

AA ZArdd T UolESEE ASS A2 44138 AdEAeH, A
Al 2AJAZEL 29,0631t 10 m v]ghe] ]2 2337 5 APAIES
1,6874-°]th. 11-20 mell A o] Frr2d2 9431 = YA 6,680%°] . 21-30
moll A= FrAd 1503], AFAIZEE 9,594F 0|t 31-40 molA = FAky
1443], ZAAIZEL 9,476 80|t} 41-50 moll A= 303 AMgstsor, AHFAZES
L626&olth 37 e F 2108 A¥EHAeH, 5 AP 10,343E0]
o AlFHez 10 m vkl Mo Frazb]l 2 273, AGAIRES 1,447E00.
11-20 m oA 9] FFAYL 92312 ZAYPAZES 4,713t} 21-30 mol| A 2]

2~
T
2~
T

_51_



A2 453], FAFATLS 2,34641-°|th 31-40 mo A o] F2td2 373, &+
QAT 160380l th 41-50 mol At 931e] FAAe ABstgon A
e 234olth B7) Feel A% Aol AojWEE AT WA Pad

Aot Fig. 332 UolEF2 8l F7)o] ZAq] Hleolt

LIOIESAE (%) . 2I1& (%)

50

45 44

40

30

20

10 mOl ot 11-20 m 21-30 m 31-40 m 41-50 m

2=4(m)

Fig. 3304 <& < U

M

of 44 20 m MW FEAGeN A F7) el w
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EAR, A 20 m olFolt U ESAE AEF FEAYe] F7H A
AL 5 9l

golg 4 glek
AW O T FEASS o 4 30 mPE I/ AT EFAGS Dani
FAE =717 AR, o £4) 50 mol ol 2A MW A< trk At

#H A7} YEebdT) Table 89 44 30 m ©]3te] S F7]9F ol
ESxE FESAT

Table 8 Number of divings below 30 m depth

443 (m) e i Lo E =
30-39 m 193] 1483
40-50 m 93 433
wA 51%] 1918]

A A5l 30 moolste] FrAe & 2428 AU 1F
30-39 m FANM FY] A5TF 428193, UelESA Fvh 14889k
40-50 m AL F7) AL 98] AWHUL, Yol ES2 757} 438 A
YR AA o] FEEAL 367 molvl, B YA 58.980] ATk
0% 27 A4e] W A FAE 349 moln, Yo|ES s Be) B 2
%4 371 molth 30 m olske] HEAANA Lo ES 0] ALg ] FH
o of 379 AE wrh wE AAZEe o =Sl FrnTh o 6] HE
Bt
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3.14 Yol EF 29 £/

AEld A5G AE 2] Falel wel EAN26, EAN30, EAN32, EAN34,
EAN36, EAN38, EAN402] Uo]|EE2E A8t AA 7714 £/ YolE
%2 % BANAOS 128312 7P o] ARgallon, & AR&AIREe 817480
o o EAN32E 1273] Ab&stdom, AREAIZES 8,305&°]th EAN38S 54
3], 4,784% AR5} oH, EAN34E 493, 30958 A&ttt L83 EAN30C]
53], 148222 7} HAA AR89 T Table 9= ZF Lol EE2 20 FRYE AL
37 ARE AR T

Table 9 Use of various nitrox gases

Yol EZA T/ ALE Bl AL-&A 2
EAN40 1283 8,174%
EAN32 1273 8,305%
EAN38 54%] 4,784%
EAN34 493 3,095%
EAN26 423 2,205%-
EAN36 363] 2,352%
EAN30 53] 148%
g 7 4413 29,063
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ge 7 BolESne BF Y £4S Avngth A Lo ESA
g A 27.3 molglon, g e /woﬂ A A

© EAN260.2 B4l e 422 molth. Fig. 340 oS8 B 2]
e
45
42.2
40
36.4
35

30

313
% 273
25 233
20
5 145
10
5
0
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4
0z
3

At E

o

LIOIESA
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HE AR Yol|EEXAE Ay HSH Fg. 35+ 48 UolE
o] ArE #xoltk. 10 mu|¥te A= EAN38S 7Hd ol Apgsidlomn,
11-20 moll A= EAN38S 7Hd Wol AH&sHth 21-30 mollAl= EAN40, 31-40
moll A= EAN32E 7Hd ®ol AREsIth 41-50 moll 4= EAN26%F 303 A+§
ST

120
110
Il EAN=e
. EAN30
100 97
M EAN32
gg EAN34
é EAN36
80
. EAN38
. EAN40
HAE () 60
40 35
30
28
2
24 6
20
5
13 3
9
8
6 6 5 5
33 4
00 O1 0 000 00 oooooo0
10 mOl| &t 11-20 m 21-30 m 31-40 m 41-50 m
24 (m)
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315 S 71Ale) 2R
A FrAdol s AA 65189 Ay F ¥
o) 45531 RpolA kel ABH ATk Tt AR

52 Agstan. A4 2 A5 F

shz

20%2] AFEH| S-S YERATH UolEEXAE
4%l sfF3ch JolEE 29 4AE o] AFRF 7hte 993 & oF 15%9

it bkt ARERE ek 2312 0.3%°] tH(Table 10).

7], HolEEZ,

3715 AR A2 1313 = oF

es 7here 22382 AAe o

Table 10 Comparison of various decompression type

A= o S LUy Bt AdrA
T 1963] 30.1% 15.0 m
57 A 1313] 20.1% 23.7 m
o] EZ 2~ 7het 2233 34.3% 29.4 m
l%gjﬁii} A;:f 993 15.2% 36.9 m
100% ~ka7ket 23] 0.3% 35 m
g A 6513] 100% -
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kel W A FHe
4% AEAASES AT + ATk
40
36.9
35
35
29.4
30
25 28.7
=8(m) op
15
15
10
5
0
LY =P LOIESA LIOIES A/ A A A
e JIA
NAE AET AU F 10152 2T 30 m 0|5k Lol ES 2 goo] A
AN E AT AHEE Yol ES 2= EAN26, EAN32, EAN34o|th - A% 4
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2 36.9 mol™ 31-40 meollA 893], 40-50 mellA 1237} A]3§=] it Table 11
< UolES2E qhagiohe Ad% sl B 2 A, "o A AIzEe]

= ==
o},
Table 11 Oxygen decompression data of various nitroxes
g 5 EAN26 EAN32 EAN34
bkl sl 143 703] 173
H 2 A 43.4 ' m 36.4 m 33.7 m
o A A FAIZE 50+ 66+ 67.4%

Ztg oA EAN269] Hi &9 T4 43.3 molH, B sAAFAIZES 50
otk ARAZEE AlZEo] of 23E ol EE AR AYAIFE oF 307l

6ol 1%

Kol
| .
Kol
| .
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>

Awed FeAdosde A9 FAF AR 71A, #skel FRel wht
V-planner 4ty #r tholH HolE, WYE#HEZ=S] NSIL-88 TholH E|o]&,
NITROX40/60 tholH ®Hlo]&, 7juytie] DCIEM tholH HolE g]a w]= e
USN tholH Hlo] &S AM83}3ATH

i

Lo

V-planner 4t #<= tho]lH HjolEo| 31332 7} o] ALg3tg o, A
Aol oF 50% oo HEE YolEExsel Fr| FFdA BT AEIIAL
NSIL-88 t}o]lH H|o|E3 NITROX40/60 Ho]&©o] Zt 1293 <} 1283] A&t
t}. DCIEM tho]E Ho]E3} USN tholH Ho| &2 z+7zt 573 9 243] ALg3}
Ath Table 12+ 41 thol & Ho|E At 3ol

Table 12 Classification of decompression table by depth

4 A(m) | V-planner NSIL-88 | NITROX40/60 DCIEM USN
10 m °]s} 203] 173 33] 103 03
11-20 m 793] 533] 153 213] 183
21-30 m 403] 353 110%] 103 03]
31-40 m 1443] 243 03] 133 03]
41-50 m 302 03] 03] 33] 63]

g A 3133 1293 128%] 573] 243]

Az A 20 m o]ste] 2P A= V-plannere} NSIL-88 tho]lB Ho]Eo]
2 AFESHE T 21-30 moll A= NITROX40/60 thol B, Ho]Eo] 1103 AF&3%
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V-planner
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oA V-plannerg 7}

ot 53] 31-50 m F-3tol| Al V-plannere] Al&-E&

FRh 21-30 m T3k A9
< 4 Ao Fg. 39=

°

rol AHg

15

om, o] FANAT oF 90%°] AHE-ES YERATE 31-50 mollA]

e

i
H
pi)

ol
A

NITROX40/60
30
41-50 m

USN

. V-planner
. NSIL-88

144

13
31-40 m

110
35

40
21-30 m

11-20 m

t

9

10 mOl

160
140
120
100
60
40
20

<0

&

SESEE 1=

o ZFAAZE

]

= et¥ Table 1334

o
=

o ZFAAIZE
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4 2 V-planner tjo]H H|o]&o] 7}

2 %

A

66.73°] T}

Kol
| .

-
o
oju

Table 13 Average depth and working time of various decompression table

T AN

2

3

66.7+

63.9+

56.43¢

52.3

16.1+

-

+

N
)

ﬁo

29.0 m

23.3 m

21.7 m

19.3 m

23.8 m

Hr

o)

V-planner

NITROX40/60

DCIEM

NSIL-88

USN

+

of oAl Ao} FFAE v ot

Ho

o] LAY

150 Wl &=

A

) 2eH7)

Z

ZI2Hor nA 7

EERES

gk

=l

LARS®} So]2~E ¢toloj(bell lifting wire)= A

-§-l_

_?4

ol E(clump weight)E A 3|
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3 sbol= stolole] ofgiioe] FYL Fo] Ao £ o5 & U=
= A 20143 AYLs T2 AR #A 54T tholw W LARS 4l 2

#ele AHgste] 159t 845 shTh Fig. 402 1M} LARSe|th

Fig. 40 Wet bell and LARS

AuiEd YA NE EATF2

=

A A E 3643 ASSAT, A0

’

flo

A
28735) AHg3tth Zhzhe] AbE WL 55.9%9) 44.1%E EHFT2 A g

oH"H™T1 mT 7o
£ % U ol AsstAth TUFFY 5 BT AY £ 195 mol v

_—

’

Aol W A FAL 322 melth 30 m olshe Aol F2 AW A
&3tAth. Table 140] ERAFF2 45 Auleh AL wiamstgo,
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Table 14 Usage of surface supplied diving system vs. wet bell

Q =
oF % Mn GQ\_U
A
XA
- S g
| 7| 8| °
o = £ =
B
B

ol

- o ol

M oK 3 o
760 oo oo T
< < H

ﬁo

4r
oF

)

FA7}E wolEol

>

o A

A
& AgFOEN WA

g st A

a0

27} A3,

&

A

s

o

A A AL

i

2k} ol
739 F%F(mid water)o 41 1.0 knot, sj# H(bottom)ol 4 1.2 knot7hA] 24

= X
) Y

Table 15

18 oA 1.5 knot, A= oA 1.8 knot® &

ALE-F

b S

_§JJ

o

S
yal

3=

)

o)
4
oF

)

o

<P
e]

qr
o

o
wjr

NE
(N

il

<A (current meter) =

Aol FAE W FFAYS AYshol

oF

3 (St ol A

s

SHEHIMCA,

1987).
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Table 15 Effects of current speed on diving operations(IMCA, 1987)

o0 EHF 52 EHF 52 o] S
o % 3 AR 2] % 2 AR 2]
(Knots) , ,
(Mid water) (Bottom) (Mid water) (Bottom)
AT dnkzkyd bzt bzl dnkzly]
' ' (Normal work) | (Normal work) | (Normal work) | (Normal work)
0.8-1.0 o 7] /32 LRt bzl dnkzly]
' ' (Observation) (Light work) (Normal work) | (Normal work)
71/32 Rt dnkztyd
10_12 - EH ]/1__x H = H
(Observation) (Light work) (Normal work)
71/ pasa e
1.2-1.5 o x = "
(Observation) (Light work)
71/3 2k
1.5-1.8 ok ok * A7/
(Observation)
1.8-2.0 kK kK kK *
2.001% stk stk w0k *k
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3.2 YolEE 20} F7|9) GHA vl
321 Yo|ES 0} Z719] 29 HAET AL

AviEd AR BT ZEe BAES wms) 2] 8 T
Gol A o] ZHehy mael i@ MW ATEw W) mert

Shields (1987)& &71& AH&3t A olAe 7y T E tis) ATE
st 1o AF Ao oy, 198210 A 1983 7R E3fe] F=r /‘*'Ei(UK
sector of the North Sea)ollA F71& AFE3H 25740719 &4 5 F 797
o] Zrtwo] LAstRon, gk dAELS oF 0.307%°lth. Fig. 41 797401]
e b 3 EXE Yehdth 4 30-40 m, ZGAIRE 608 A2

Moy BEl B AL BAY £ Aok

=1

i1 T !
‘ljﬂgf 1 @ Tgpe 1 0S|

*'HU \ w Type 2 OCS
CRETRE. St
""'i?.ﬂ i v ' EI.
51'.ﬂ o 5 I—‘ihr:’ O i
a0} : \: H
a QU[ ol Te
m BE] \'H_‘_ ‘
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Table 18 NDL comparison of air and nitrox(using DCIEM, 1992)

F4(m) | ¥7] NDL(&) ]Lolliij EAD (m) (je 3711/1)
9 m 300% - -3.7 m 73.7%
12 m 150% 7205 0.1 m 64%
15 m 75% 7205 3.9 m 56%
18 m 50% 300% 7.7 m 50%
21 m 355 150+ 115 m 45%
24 m 255 50% 153 m 41%
27 m 205 354 19.1 m 38%
30 m 15% 255 22.9 m 35%
33 m 12% 205 26.7 m 33%
36 m 10%- 128 30.5 m 30%
39 m 8E 10%- 34.3 m 29%
42 m 7HE g4 38.1 m 27%
45 m 7H 7H 41.9 m 25%
48 m 61 61 45.7 m 24%
51 m - 61 49.5 m 23%
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Table 19 NDL comparison of USN and NOAA(Joiner, 2001)
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- NDL(3) NDL(&) NDL(:)

15 m 100 200 310
18 m 60 100 100
22 m 50 60 100
25 m 40 50 60
28 m 30 40 50
31 m 25 30 40
34 m 20 30 30
37 m 15 25 -

40 m 10 20 -
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Table 21 Air diving data(using HHS Software Corp, 2015)
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Table 22 Comparison of nitrox and air diving at 24 m
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34.2 FAME9 A3t

o] A= ZAH| L] =HA UJo|EER 2 FHES H|wa] Byt )
A= =l A & Al A S/ 2 710wt Faeatd 97te
Z1#o] 21 ARFoA Witete EFFAEY FFA @tE A H(E 9HA
gt A MEs A @Y WM ZAFARe b A4 Fd @I ASU
International Salvage Union) 7]&@7Fe} HE7HY] oS AA 1Y vl Eo] 98
T do® AAHA AT AJHEFI LR, 2014).

2 =AM E Fake 44 @S A &5t feE FAlF R F8E= 2
A9l Tariff& Fastt. Table 232 Y= Lloyde] SCOPIC(Special

Compensation P&I Clubs) tariffe} Y& Nippon Salvagee] tariffo]t). =A% o
2 edsadd Ao 19 B8-S o=k 100-140% o AojA AB AT
T AT

Table 23 Daily tariff rates

The daily tariff rate

& %
Diving supervisor Diver

SCOPIC Appendix A

PP US$ 1,356 US$ 1,217

(Lloyds, 2014)
Tariff for Salvage
) ¥106,500 ¥ 97,500
(Nippon salvage, 2011)
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Table 25 Minimum required diving equipments for air/nitrox(IMCA, 2014a)

g = 37 4 olES 2 g4
L.P. Air compressor L.P. Air compressor
H.P. Air compressor H.P. Air compressor
60" Twin Lock Deck 60" Twin Lock Deck
Decompression Chamber Decompression Chamber
with H.P. air storage bank with H.P. air storage bank
LARS or A frame LARS
Wet bell or Man-riding basket | Wet bell
Hydraulic power unit Hydraulic power unit
3 )
Communication radio Communication radio
CCTV system CCTV system
Diving helmet Diving helmet
Diver heating systems Diver heating systems
Divers' umbilical: Divers' umbilical:
-1/2" Hot water hose -1/2" Hot water hose
-3/8" Main gas hose -3/8" Main gas hose
-1/4" Pneumo hose -1/4" Pneumo hose
—-comm's cable, video cable —-comm's cable, video cable
Mixed gas control panel with
Gas control panel o
distribution
Volume tank Oxygen system
7k 3 Gas cylinders or Large | Gas cylinders or Large
storage air bank storage air bank
Nitrox generator, Gas mixer
and Gas blender
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Table 26 Case demonstrating causative and/or provocative factors

and other external factors(Childs, 1988)
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