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A study on the safe work for industrial diver engaged in port
construction work

HEON PARK

Department of Safety Engineering, The Graduate School of Industry
Pukyong National University

Abstract

Korean territory is surrounded by the sea on three sides. So, port
facilities have been built since a long time ago. According to Statistical
Year Book of Maritime Affairs 2015 published by Ministry of Oceans and
Fisheries, 136,78om of quay, 73,116.6m of breakwater, 63,568.5m of lighters
wharf and 137 landing piers were built. It is inevitable to put industrial
divers in port construction work that builds the above-mentioned port
facilities. In other words, industrial divers are proved to be the most
important human resources in port construction work. According to
Occupational Safety and Health Research Institute, it is estimated that
approximately 1,10071,400 persons in total including regular workers and
freelance divers work in the diving workplaces. And among them, the

number of industrial divers engaged in marine civil engineering work

_xi_



(underwater construction) is estimated at a minimum of 600 to a maximum
of 800. However, there is no diving-related association for public good,
which manages industrial divers’ career and training in Korea. And most
of industrial divers are self-employed persons or employees of small
enterprises. So, their working environment is very poor. Besides, 19
persons killed and 37 persons injured in accidents have been shown in the
status of industrial accidents relating to diving work for recent 10 years.
Marine civil engineering work (underwater construction) accounts for
approximately 50% of persons killed in accidents. And it is shown that the
causes of fatal accidents include an unknown cause, oxygen toxicity, being
trapped underwater, underwater whirlpool, and so on. In other words, the
petty enterprise and poor working environment of industrial divers engaged
in port construction work leads to industrial accident. Therefore, this study
1s intended to grasp the working environment and status of industrial
divers in Korea and present standards for preventing safety accident. To
this end, Korean standards, laws and regulations and measures for the
management of diving work in overseas advanced countries (U.S. and
U.K.) were collected through literature review. Besides, through survey and
interview with commercial divers engaged in port construction work, the

status of work was grasped, and problem with working environment was

- Xii -



deduced. The most urgent problem currently faced by industrial divers,
which was examined through interview, was difficulty in applying legal
standards regarding diving work hours, number of dives, and diving
equipment (diving apparatus). Besides, from the viewpoint of port
construction characteristics, chambers enabling the treatment of caisson
disease were not properly installed in comparison with the size of
construction work. This is because there is no law or regulation regarding
standards for the installation of decompression chamber in Occupational
Safety and Health Act. So, a survey was made about proper depth of
water for the installation of decompression chamber according to diving
depth. This study is expected to be helpful in protecting the interests of
industrial divers and creating safe working environment by improving the

actual condition of working environment of industrial divers in Korea
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Table 1 Current condition of estimated divers by the detailed work

type of industrial engineer divers (Nov. 2005

)4)

Estimated number of dive operators

division Remarks
Min Max
total 1,040 persons 1,380 persons
Underwater

construction work

600 persons

800 persons

About 400 places

Fisheries
purification

maintenance

250 persons

300 persons

135 places

Rescue vessels

170 persons

200 persons

31 places

Other

manufacturing,

20 persons

80 persons

About 10 places
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Table 2 Classification of port construction

Main Category Division

Breakwater construction

bank protection works

Facilities outside fish lift works

Sunk protection facilities construction

Erosion protection facilities construction

the upper And mooring Quay construction

facilities Top facilities construction
Other Port Facilities Production and port of shipmentg construction
Water facilities Dredging and reclamation works
Subsea pipeline construction
Offshore oil storage facility construction
Specialized facilities sea'mark facility construction

Mirina facility construction

Giant Facility construction oil tankers
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Fig.2 Leveling of riprap rubble stone foundation

Fig.3 Leveling of foundation and armor stone
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Table 3 The types of artificial concrete block

Division T TP Sealock Accropode Core-Loc OTP
15 ] =
Types - - n
— & o
Number of
) 2 2 1 1 1, 1.5, 2
build-up
Porosity
50 20 52 60 64, 54, 46
(%)
7(breaki 12(breaki 7(breaki
3 )ng 10 I )mg 13(HEAD) il )ng
Stability ‘éV(i‘;i wave wave
15(breaki 8(breaki
factor breaking L reaking 16(TRUNK) recaking
wave) wave)
wave)

_10_

Fig.6 Artificial concrete block installation in water
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Table 4 The definition of the industry diving'”

OSHA

ADC

More than 30m diving is not

allowed.

More than 30m diving is not

allowed.

"]" valve or emergency breathing

gas supply

Diver obliged to wear a separate

emergency breathing gas

When diving in the deep
mixed-gas, the decompression

chamber is mandatory on the spot

Heli Ox (HeO2) allowed during
water supply. However, open or

closed diving bell available

Diver should wear instruments to
measure depth of water,

wrist-type watch, and emergency
knife

Mandatory equipment inspection

every six months

Mandatory equipment inspection

every six months
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SCUBA diving Technical diving equipment

Fig.9 Scuba diving

2 @&._ Ny

Superlite diving helmat LFP compressor

Fig.10 Surface supplied diving system
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Table 5 Average work water depth and daily work time of industrial

engineer divers

3)

Field Average working depth Daily working time
Maritime 2~ 3times,
.. . . . 20~22m
civil engineering field about 70~ 80min
Working within the

Ship-related field

less than 20m

no—decompression limits

Salvage field

40~100m

Based on dive chart

Oil-related field

30~40m

1~ 2times,
about 40~ 50min

Scientific diving field

less than 20m

Air container about 2-3

D.C.
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Table 6 Comparison of air depression between Korea Navy, U.S. Navy,

and Canada Navyg)

Deco .
Standards for high US navy Canada navy
mpres . . . .
. pressure Air Decompression Air Decompression
sion
work [Asterisk 2] Table Table
Table
Gas Air O, Air O, Air O,
Deco Deco Deco
Deco
mpres mpres mpres
mpres . . .
. Water | Water | sion | Water | Water | sion | Water | Water | sion
sion
Cham Cham Cham
Place
ber ber ber
Deco
mpres
] 21 X X 44 17 :30 31 19 126
sion
Time
Break
betwe
00:60 14:58 18:00
en
Jobs
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Table 7 Pressure regulation chamber installation areas™

)

Pressure control chamber’s Facility
NO. ] Remarks
location Standards
1 Navy Marine Hospital (Jinhae) Many people Navy
2 Jeju Medical Center (Jeju) Many people Hospital
) ) . 2 compartment ]
3 Seogwipo Medical Center (Jeju) Hospital
2 persons
. 2 compartmen .
4 Segyero Hospital (Tongyeong) Hospital
4 persons
. . 1 compartmen .
5 Kosin Medical Center(Busan) Hospital
1 persons
o ) ) 2 compartmen | Preventive health of
6 Diving Apparatus Union (Geoje) .
2 persons union members
o . 2 compartmen | Preventive health of
7 Diving Apparatus Union(Yeosu) .
2 persons union members
8 KEPCO Submarine cable 2 compartmen The chamber

construction

2 persons

always has.(in site)

_21_



Table 8 Laws pertinent pressure regulation chamber installation in

advanced countries

16,18),20-25)

Division

Regulations

Remark

OIISA

-If the water depth exceeds 100 feet or use a
mixed gas, install the decompression chamber in
diving zone or near river

— Arrived within 5 minutes from the dive area

HSE

—Installation is carried out on-site dive below
50 meters

-Hold two compartments for 2 persons on site

NATO

-Hold more than 15 meters on-site from the
international diving guidelines
-Countries agreed Belgium, Denmark, Italy,

Netherlands, Norway, Portugal, Spain, Canada

ADCI

-Placed the double lock decompression chamber
in workshops required decompression, during
the dive in excess 80 feet

—-Available at least 6 atmospheres (about 165
feet)

IMCA

~The chamber securing a space to lie for two
diver and two compartments, installed very

close to the workplace

ARAMCO

- Install on all work sites more than 18 meters
depth. If unable to use decompression chamber,

allowed only non—decompression diving

USN

-Decompression chamber is required in every
field,

surface—fed, decompression dive

such as more than 130 feet deep
~The chamber is installed where it can be

accessed within 30 minutes

Japanese
Ministry of
Health, Labour
and Welfare

—Installation of decompression chamber in

depth of 10 meters or more diving site

_22_



Table 9 Rules of pressure regulation chamber installation in

countries'®

Pressure control .
NO. . Facility Standards Remarks
chamber’s location

1 JAPAN More than 10m / site 2 compartmen
2 NATO More than 15m / site 2 compartmen
3 ARAMCO More than 15m / site 2 compartmen
4 ADCI More than 185m / site 2 compartmen

More than 30m / site
5 OSHA o ) 2 compartmen
Within 5 minutes

All the dive Field is less

6 HSE 2 compartmen
than 50m

7 IMCA the workplace or near 2 compartmen

8 U.S NAVY More than 40m / site 2 compartmen

# Navy Marine Hospital (Jinhae = Portable Decompression chamber

Fig.11 Decompression chamber

_23_
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FUAR T FASE HYAFA FAAY] B ATARE Figl2
s g
Domestic industries diving (diving operations) survey
Literature relevant national standards and regulations
survey Standards for dive operations in developed countries

diving operations—related thesis, journals, and so on

gL

Site survey

Identify working conditions and environmental status
through industry interviews diver

(interview,
survey) Creates guestionnaire items through interviews and
Conduct a survey
-
) Working conditions and environmental analysis
Analysis : ;
collected through the questionnaire
|
Result Analysis of the survey data is presented based on the
derivation Measures

Fig.12 Overview of procedure
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Table 11 Career of industrial engineer divers

Division work experience
Less
" 5~10 10~15 15~20 20~25 25~30
. han
Industrial years years years years years
diver oyears
3.39% 20% 46.7% 13.3% 10% 6.7%
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Table 12 Analysis on types of certification by age

Industrial Assistan
. . Craftsman
Division Engineer . Craftsman None
- Diver .
Diver Diver
Tthe - B 3.3%
twenties (1person)
The 10% 40% 3.3% 3.3%
thirties (3 persons) (12 persons) (1 person) (1 person)
The 6.7% 20% 3.3% 3.3%
forties (2 persons) (6 persons) (1 person) (1 person)
The 6.7% - - \
over—fifties (2 persons)
Total 23.4% 60% 6.6% 10%
ota
(7 persons) (18 persons) (2 persons) (3 person)
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Fig.14 The selection of diving equipment

_32_



K

43.1 13 F+ FAdAzE, 13 A

—

<
ol

e

TZ8%5)2v 3

e

B Aol A AbdAE AT ST, Al

Jariny
o

= A 10m

-

AT FE AE A

P
At A

i
fite)

=
I

o =24 372 &

o =
AN T

s

M 4410~20me] ¥, = 420m o]

—

o

U

4 10m™]

Table 13014 e wfe} o] 13]

A 1~2A3F 63.3%, 74 10~20m7 7k 4 AS 1~2A17F 56.7%, 4 20m

ol o g 0~1A1ZF 70%4] &= e
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B 18 Hol Azt AazAb 24 A} Table 14004 vebd vle}
Zol 4 10mr ek 4 A4 1~2413F 43.3%, FA4 10~20mm sk 4 A9 1~

2A1 7 56.7%, 74 20meo]d 1~2417F 83.3%H] &2 YEFRETE

Table 14 Analysis on maximum work time per diving

The maximum work time per diving
Division More than
0~1hr 1~2hr 2~3hr 3~4hr
4hr
Depth of less
- 43.3% 33.3% 23.33% -
10m
Depth of less
6.7% 56.7% 33.3% 3.3% -
10~20m
Depth of more
10% 83.3% 6.7% . -
than 20 m
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432 4 Bt FrAdAz, 4d A FeAAAL 24

o R AT AEZAF BAAD, Table 159 Ul ek 2ol 440 10m
MR 5~6A17F 46.7%, 44 10~20mulwel A4 4~5ATE 40%, 54

Table 15 Analysis on daily average diving work time

The daily average diving work time

Division 0~1 19 93 34 45 56 67 ore

than
hr hr hr hr hr hr hr

Thr

Depth of less
10m
Depth of less
10~20m
Depth of
more than 20 - 26.7% | 40% | 33.3% i - N -

m

- - 2 6.7% 10% | 46.7% | 33.3% | 3%

T - 3 26.7% | 40% | 23.3% | 10% -
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10mm Rt A 6~TA1F 50%, 4 10~20mv] = - 5~64

7F 36.7%, 4 20moldd A-$ 2~3A17F 40% 3~4AFF 40% W] S = LEFRGE
=3
Table 16 Analysis on daily maximum diving work time
Tthe daily maximum diving work time
Division 1 1 1 19 | 23 | 3~4 | 45 | 56 | 6~7 | ¢
than
hr hr hr hr hr hr hr
Thr

Depth of less
10m

- - - - 6.7% | 16.7% | 50% | 26.7%

Depth of less
10~20m

- - 2 20% | 13.3% | 36.7% | 26.7% | 3.3%

Depth of
more than 20 - 6.7% 409 409 13.3% = F -

m
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433 F7 B AFAYAL B

Aol FAse HAAFA AW 23 BFE FFAGAD

#4437 Table 1704 YebA vRe} o] 41 10my] vy

43.3%, A 10~20mv e A 35~4043F 33.3%, 4

264 7ko 8l 80%H] &= WEFSLT

Table 17 Analysis on weekly average diving work time

The weekly average diving work time

Division Less than More than
25~30hr 30~5hr 35~40hr
25hr 40hr
Depth of less
3.3% 109 3.3% 43.3% 40%
10m
Depth of less
10% 16.7% 23.3% 33.3% 16.7%
10~20m
Depth of
more than 20 80% 13.3% 6.7% = -
m
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434 44 B ZAFAYAF 4

kAo FAEIE AAFFAY Y He FEAYGIF ARz 244
3} Table 184 vebdl wkel o] 4] 10mmwtd Ad-¢ 43 533% 4
10~20mm e 29 33] 50%, 4 20meoldd ¢ 23] 90%MH &= LrERy

=

Table 18 Analysis on daily average diving work frequency

The daily average diving work frequency
Divisi
tvision , Three Four More than
Once Twice ) ) ) )
times times five times
Depth of less
= 13.3% 30% 53.3% 3.35
10m
Depth of less
. 16.7% 50% 33.3% -
10~20m
Depth of
more than 20 = 90%% 3.3% 6.7% -
m
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43.3%, 4 10~20m"]

7l

AlZE 70%H] & = e

A5 2~3A17F 43.3%, F
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EPY
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Table 19 Analysis on the daily average diving work time

recommended industrial engineer divers

The daily average diving work time recommended industrial

engineer divers

Division | o 1 | 1~2 | 2~3 | 3~4 | 4~5 | 5~6 | 6~7 ore
than
hr hr hr hr hr hr hr
Thr
Depth of less
= 3.3% 6.7% 409% | 433% | 6.7% - -
10m
Depth of less
- 6.7% | 43.3% | 30% 20% = . -
10~20m
Depth of
more than 6.7% 70% 20% 3.3% - - - -
20 m
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247243 Table 20014 hERd vhek o] 4 10my W A 354047
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=X
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3
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0%
e
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N
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33.3%, T4 10~20m7| ¥+ 45 25~304]

Al Zkol st 80%M] &= EFR T

Table 20 Analysis on the weekly average diving work time

recommended industrial engineer divers

The weekly average diving work time recommended industrial
Divisi engineer divers
rvision Less than More than
25~30hr 30~35hr 35~40hr
25hr 40hr
Depth of 1
PE OIS 6706 30 30 33.3% -
10m
Depth of 1
DI OFIESS 1 0330 60% 16.7% . -
10~20m
Depth of
more than 20 80% 16.7% 3.3% - -
m
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Table 21 Analysis on daily average diving work frequency

recommended industrial engineer divers

The daily average diving work frequency recommended

industrial engineer divers

Division . Three Four More than
Once Twice . . L .
times times five times
Depth of 1
CPEL OLIESS | 3304 40% 46.7% 10% -
10m
Depth of 1
COELOLIESS | 3304 56.7% 36.7% 3.3% -
10~20m
Depth of
more than 20 13.3% 83.3% 3.3% . -
m
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Table 22 Results of the questionnaire about diving time by water

depth and comparison with HSE (the UK) criteria

The daily average diving . .
comparison with HSE

Division work time recommended o
(the UK) criteria

industrial engineer divers

Depth of less

3~5hr(83.3%) There is no standard
10m
Depth of less
2~4hr(73.3%) 2~4hr(12~18m)
10~20m
Depth of more .y
Less thanl ~2hr(70%) Within 1.5hr(More than 21m)
than 20 m
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Fuagel Fass AdASe F4W AF A4A% L US. Navy

Table 23 The recommended work frequency by water depth and

comparison with US. Navy Diving Manual

The daily average diving
work frequency

recommended industrial

Division US. Navy Diving Manual

engineer divers

Depth of less . —70~80minutes work at the
Twice

10m water depth of 21m
Depth of less Twice -Underwate rair decompression
10~20m 44 minutes

-Underwater oxygen
decompression:17 minutes
Twice -Break between works:14 hours
and 58 minutes break

-Single diving (once a day)

Depth of more
than 20 m
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Table 24 Analysis on the shortest time to a treatable place for diving

related disease and the possibility of the treatment of diving

related disease

Facility in the shortest possible time that can cure the disease

Division D
Within 1lhr 1~2hr 2~3hr 3~4hr
46.7% 3094 25% 3.3%
Indugtnal Dive disease treatment history
diver
experienced experienceless
509 5094
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Table 25 Analysis on a treatment period of diving related disease and

annual frequency of decompression treatment

Divii Treatment period of diving related disease and
ivision
annual frequency of decompression treatment
Less than 6~12 12~18 18~24 More than
6 months months months months 24 months
93.3% 6.7% = - -
Indu_stnal Number of treatment
diver
Less than . . ) More than
) 3~6 times | 6~9 times | 9~ 12times )
3 times 12 times
53.3% 20% 20% - 6.7%
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Table 26 Analysis on whether to install decompression chamber and

the necessity of decompression chamber

Division Whether to install decompression chambe
experienced experienceless
50% 50%
Industrial . .
n u.S i Necessity of decompression chamber
diver
Very necessary necessary
70% 30%
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w443 Table 27¢14 WeRA vhe} o] AAF4E 16m o] 73l A At
ARFALe]l ofdol 96.7% = et S Y ESRTAIY i AgeEAS
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Table 27 Analysis on decompression chamber installation criteria by

water depth (Proper of water depth)

o Decompression chamber installation criteria by
Division
water depth (Proper of water depth)
. 10~15m 15~20m 20~25m 25~30m
Industrial
diver 3.3% 33.3% 53.3% 10%
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