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Abstract : Underwater works are indispensable in the coastal and ocean engineering
fields, and the reliance on manpower is higher than land works. Divers who work for a
long time in a high-pressure underwater environment are always exposed to the risks of
diving-related diseases. To prevent them, proper planning, operation, and management

of diving by a supervisor with professional diving knowledge are required. This study
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provides the basic data for supervisors to plan, operate, and manage air diving for safe
and efficient work in underwater construction sites. It is well-known that air diving
simulations using the varying permeability model (VPM) require a longer decompression

time as the water depth and the residence time in water increase. Therefore, it is crucial
to have a proper surface interval through repetitive diving rather than single diving to
improve the safety of the divers and the efficiency of underwater work. Furthermore,
coastal and ocean engineers who manage and supervise underwater construction work
must acquire expert knowledge on diving before they can plan, operate, and manage

) . diving.
Copyright@2019 by The Korean Society
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Table 1. The contract performance of specialty contractors in
underwater construction (2013~2017)

Year | Number | Amount [won] | Year | Number  Amount [won]

2013 1,014 1,645,272,000 | 2016 1,001 526,357,000
2014 911 1,485,303,000 | 2017 998 404,066,000
2015 962 459,554,000 - - -

Key Words : air dive, underwater work, commercial dive, underwater safety, decompression
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Fig. 1. Underwater operations by diver and heavy equipment
in hyperbaric environment,
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Fig. 2. The partial pressures of oxygen and nitrogen in case
of air dive,
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Table 2, Signs and symptoms of nitrogen narcosis at different depths16 i
Depth [m] Atmospheric pressure [atm] PN2 [atm] Signs and symptoms of narcosis
0-10 1-2 0.79 - 1.58 - Unnoticeable/minor symptoms such as subtle changes in behaviour
10 - 30 94 158 -3.16 - Mlld_lmpanmen.t of unpractised tasks
- Impaired reasoning
- Delayed response to visual and auditory stimuli
- Calculation errors and poor choices
30-50 4-6 3.16 -4.74 - Mild amnesia
- Overconfidence, idea fixation and a sense of well-being
- Laughter (chambers) or anxiety (cold water)
- Impaired judgement and confusion
- Hallucinations
50 -70 6-8 4.74 - 6.32 - Delay in response to signals, instructions and other stimuli
- Uncontrolled laughter, hysteria (in chamber)
- Feelings of terror (in some)
- Mental confusion
70 -90 8-10 6.32 -7.90 - Loss of memory
- Stupefaction and loss of judgement
- Hallucinations, increased intensity of vision and hearing
90+ 10+ 7.90+ - Unconsciousness
- Death
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Fig. 3. The predicted human pulmonary and CNS toxicity
limits of exposure to varying PO,

Table 3. NOAA oxygen exposure limits®

PO, [atm] (')xygen exposure limits [min]
Single Per 24 hr
1.60 45 150
1.55 83 180
1.50 120 180
1.45 135 180
1.40 150 180
1.35 165 195
1.30 180 210
1.25 195 225
1.20 210 240
1.10 240 270
1.00 300 300
0.90 360 360
0.80 450 450
0.70 570 570
0.60 720 720
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Table 4. Oxygen exposure limits due to working depth

Oxygen exposure limits [min]
Depth [m] PO, [atm]
Single Per 24 hr
10 0.42 720 720
20 0.63 570 570
30 0.84 360 360
40 1.05 240 240
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Table 5. Underwater working conditions

Case Depth, Dw [m] Working time, Tw [min]
1 60
2 120

10
3 180
4 240
5 60
6 120
20
7 180
8 240
9 60
10 120
30
11 180
12 240

Table 6. Diving conditions used in simulations

Diver speed [m/min] Breathing gas [%]

Surface interval time
[hr]

Descent Ascent Oxygen Nitrogen

15 8, 6 24 21 78
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Fig. 5. Diving simulation results due to working depth and time,

Table 7. Total diving and decompression times for single dive

Depth, Dw [m] | Working time, 7,,| Decompression time, 7; | Total, 7;
01:00:00 00:00:15 01:00:15

02:00:00 00:00:15 02:00:15

10 03:00:00 00:00:15 03:00:15
04:00:00 00:00:15 04:00:15

01:00:00 00:09:44 01:09:44

02:00:00 00:38:49 02:38:49

20 03:00:00 01:06:12 04:06:12
04:00:00 01:35:05 05:35:05

01:00:00 00:54:32 01:54:32

02:00:00 02:05:03 04:05:03

=0 03:00:00 03:15:34 06:15:34
04:00:00 04:25:51 08:25:51

unit: HH:MM:SS

Table 8. Total diving and decompression times for repetitive dives
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Fig. 6. Diving simulation results due to repetitive dives,

1* Dive 2" Dive
Depth, D, [m] Surface time, 7; Total, T
Working time, 7, Decompression time, 7 Working time, 7, Decompression time, 7

-10 00:00:15 02:00:00 00:00:15 06:00:30

-20 02:00:00 00:38:49 02:00:00 02:00:00 00:52:44 07:31:05

-30 02:05:03 02:00:00 03:13:54 11:18:57
punit: HH:MM:SS
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