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Abstract : This study (Part I) examines the theoretical background and proposes systematic dive planning
procedures for the surface-supplied diving system (SSDS) to ensure safe underwater search and rescue operations
in areas characterized by strong tidal currents and deep waters, such as the 2014 Sewol ferry disaster site. First,
the historical development, equipment configurations, and key features of SSDS are introduced. Then, systematic
decompression procedures based on the U.S. Navy algorithm are presented. Specifically, single-dive profiles are
proposed for two representative underwater scenarios: hull diving at a depth of 26 m and seabed diving at a depth
of 48 m. Based on these scenarios, optimal operational plans, including dive frequency and personnel allocation
considering tidal conditions, are suggested. However, SSDS requires substantial equipment setup time and
extensive manpower, limiting rapid emergency response capabilities. Therefore, a hybrid operation combining
SSDS with self-contained underwater breathing apparatus (SCUBA) diving is recommended. The dive plans for
SSDS developed in Part I provide foundational data for evaluating its applicability and efficiency through
comparative analysis with SCUBA diving under various tidal conditions, as well as for establishing detailed
operational and management strategies, which will be addressed in Part II.

Keywords : underwater search and rescue, surface-supplied diving system (SSDS), decompression procedure,
decompression dive planning, underwater safety
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Table 1. Detailed specifications and descriptions of SSDS equipment components

Component Image

Specifications and Descriptions

High-Pressure
Breathing
Air Compressor

Converts ambient air into high-pressure breathing air using advanced
filtration and drying

Compresses air to 200~300 bar (2,900~4,350 psi) for a steady
supply

Engine-driven (gasoline/diesel or electric) for efficient, portable,
continuous operation

Uses air-cooled or water-cooled systems to maintain performance
under heavy loads

High-Pressure

Stores large volumes of gas at pressures up to 300 bar (4,350 psi)
Each cylinder has its own valve for independent pressure and
gas type control

Gas Storage * Made of durable aluminum or steel with corrosion-resistant coatings
» Available as movable units (for vehicles or barges) or fixed
installations (on support vessels, etc.)
* Central hub that regulates and directs high-pressure gas from
storage to diving equipment
Distribution * Maintains steady, safe pressure for consistent breathing air supply
Console * Monitors gas flow in real time for secure operation
* Interfaces between the high-pressure source and the diver’s helmet
or umbilical system
» Multi-functional cable connecting the diver to the surface support
system
» Transmits breathing air, communication, power, and video signals
Umbilical if needed

Built with durable connectors to endure harsh underwater conditions
Customizable lengths (typically 30-300+ meters) for various
operational needs

Diving Helmet

Source: Kirby Morgan

Provides a secure breathing environment with an automatic air
supply regulator

Built from high-grade materials for protection against impacts,
flooding, and high pressure

Ergonomically designed with adjustable fittings and a panoramic
visor for clear vision

Compatible with communication systems and accessory mounts for
diverse diving tasks
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Table 2. Gas flow and component functions in SSDS diving
Step Component Function Flow Direction
High-Pressure Breathing » Compresses ambient air into high-pressure gas . .
1 . . . . e A A
Air Compressor using advanced filtration and drying systems. mbient Air — Compressor
High-Pressure ) .Sto.re's high-pressure .gas in cylinders with * Compressor — Gas Storage —
2 individual valves for independent pressure and N
Gas Storage Distribution Console
gas type control.
* Regulates high-pressure gas to a safe, usable O
3 Distribution Console level for the diver and directs flow to the ggrslsitlzrafelrn ]:])?llisct;butlon
umbilical.
4 Umbilical * Transmits regul.ated gas from the distribution « Distribution Console — Umbilical
console to the diver underwater.
5 Diving Helmet  Supplies the diver with breathable air through « Umbilical —> Diving Helmet

a controlled breathing system.

Table 3. General characteristics of SSDS equipment (Adapted from U.S. Navy, 2018)

Gas Supply System Surface Supply Method (semi-permanent)

* No-decompression

* In-water decompression on air

* In-water decompression on air and oxygen
* Surface decompression on oxygen

Decompression Procedure

* Search

* Salvage

Inspection

» Underwater ships husbandry and enclosed space diving

Principal Applications

Unlimited by air supply

Head protection

Good horizontal mobility

Voice and/or line pull signal capabilities
Fast deployment

Advantages .

Disadvantages Limited mobility

Depth limits: 190 fsw' (57.91 msw )
Emergency air supply required deeper than 60 fsw (18.29 msw) or diving inside a

wreck or enclosed space
Current: Above 1.5 knots (0.772 m/s) requires extra weights

Restrictions

Image

* ok
Feet of seawater, Meters of seawater
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Fig. 1. Predicted time-domain current velocities at the Sewol ferry sinking site, including the SSDS equipment usage limit.
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Fig. 2. Predicted time-domain tidal levels at the Sewol ferry sinking site, including the daily usable time for SSDS diving.
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Table 4. Partial pressures of oxygen and nitrogen in respiratory
gases at different diving spots and depths

Partial Pressure

Spot Depth Press*ure (ata)
(m) (ata)
PPO, PPN,
Hull 26 3.6 0.75 2.81
Seabed 48 5.8 1.22 4.53

*Atmospheric absolute (1 ata = 101.325 kPa)

R A W art I): 12 W1 9 A AR 59 5

A<
= o
et al.(2025)7} ~FH el A&t A9 At
Navy(2018)°] & wlyrdel wh=, 317 5= 22.8
min ©]8}, 4% $E+= 9.14 m/min © 1

A7) o B el e gt

ol
o)
il
=0
o
ol
2

i
o
ut

[0 4y M oY >
L N
ofy ki o
i T
fF S S) m
O
= g x
3 3

Q2
e} SE
S S o
= ; N
= Z e
o Sy
Togdsz
{0 (0]
=287
2 H N
5 w5 A
=) £ =
N x kg
= -
®lr o

o

2 =
AEA 6 my7kA| oF 2% 2027} A5, 794
1

> 2

B
N

ZhA A 26 mE) AP B HEOE Y I7HA] F 17
A 183 74 48 mY A FrY A, A A

@)
H
HA7HA oF 4% 203, 9 mellA 23, 6 moflA] 10:9] 7t
Ea
€]
=)

)

=
o] A&, FHl AT AR 402E EF et F A

e]

>

>

1730 2 AP ¥ tH(Table 5). o]3o] A& shd 9
S A=Akl Hleh 24 Ul B4 71A12) b
askar, ek A Alte] 2 9 A SRS o

k.

b

|
A

o
tlo ©f
Oz

[ei3
=

rr o

o%
ol
bt

EEE

o
12
tlo
ot

323 FAF IF

B A= ULS. Navy(2018)9] 7= A2 =<3y, 25
*(Buddy Diving)E 7|3 ¥# 0% sto] W 334 1
IES THOE A Ak 291 1RE F el
Y, A9 98 F w2 o 27 FHE Ao
2 299t 72 e A9l V1 1S Ak 2d, A
17, A o9l 4o w FAYY, o] 59 S vt

ot
7r

Table 5. Descent and ascent rates and times of divers applied in this

study
S Depth Speed (m/min) Time (min)
ot
P (m) Descent  Ascent  Descent  Ascent
Hull 26 2 17
Seabed 48 <22.86 9.14 3 17
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Table 6. Estimated risks of decompression sickness for dive schedules in the VVal-79 air decompression table (Adapted from Gerth and

Doolette, 2012)

Air, 20 msw Last Allowed In-water Stop Percentage (Decompression Sickness)

Dep}h (11'1) Total St(.)p Time Bubble Volume Measurement Normalized Modified Risk Index: 98
/BT (min) (min)
% Low High % Low High
274 /40 14 2.367 1.771 3.099 2.180 1.630 2.857
487/ 15 12 2.334 1.694 3.134 1.900 1.383 2.550
*BT: Total elapsed time from surface departure until just before initiating ascent from the bottom
Table 7. VVal-79 air decompression parameters based on the Thalmann algorithm (Adapted from Gerth and Doolette, 2012)
Depth (m) BT to 1st Stop Gas Decompression Stops (m) Total Ascent Symbol
/ BT (min) (mm:ss) Mix 274 244 213 183 152 122 91 61  Time (mmsss)  Type
Air 14 17:00
274 /40 02:20 Air/Os 10:00 L
Air 2 10 17:00
48.7 /15 04:20 Air/Os | 6 12:00 I
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Ascent Time to Surface: 40 s

Total Diving Time: 57 min
Total Decompression Time: 17 min

Exit

;_Ascent Timeto Surface: 40 s

Decompression Time at 9 m: 2 min

Total Diving Time: 32 min
Total Decompression Time: 17 min

Fig. 3. Profile of in-water decompression for an air single dive at (a) hull diving and (b) seabed diving, including descent, bottom time, and

ascent duration.
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Locate the diver's repetitive group designation from his previous dive along the diagonal line I:l\> zj;g o
above the table. Read horizontally to the interval in which the diver's surface interval 10 117
Ras. 116 3:36*
) ) ) ) 110 560 2:12
Next, read vertically downward to the new repetitive group designation. IZ> 55 211 4:31*
Continue downward in this same column to the row that represents (“& 10 53 1:48 3:04
the depth of the repetitive dive. The time given at the intersection X< @ 62  1:47 303 523*
is residual nitrogen time, in minutes, to be applied to the e\(\ 110 53 1:45 2:40 356
repetitive dive. (k‘bg" D 62 1:44° 2:39"  3:55| 6:A6*
v _ \6\) D 110 53 1:45 2:38 3:32 449
* Dives following surface intervals longer than [s) 52 1:44 2:37 3:31 4:48 7:08*
this are not repetitive dives. Use actual 6\(\Q E> :10 153 1:45 2:38 3:30 424 541
bottom times in the Air Decompression a 52 1144 2:37 3129 423 540 8.00*
Tables to compute decompression eeg E> 10 63 1:45 2:38  3:30 4:22 5:17 6:33
for such dives. > 52 1:44 2:37 3:29 421 5116 6:32 852*
o\)Q :10 53 145 2:38 330 4:22 6514 609 Z
ot 521 A4 213 7 320 B 4:2 1 SN 51 G SN 6.08 N 7:24
) -qe 110 53 1:45 2:38 3:30 4:22 5:14 6:07 7:01 817
\.\\'\ D 152 1:44 2:37 3:29 4:21 5:13 6:06 7:00 8:16 10:36 *
@QQ D :10 :53 1:45 2:38 3:30 4:22 514  6:07 6:59 7:53 9:10
52 1:44 2:37 3:29 4:21 5:13 6:06 6:58 7:52 9:09 11:29*
10 53 1:45 2:38 3:30 4:22 5:14 6:07 6:59 7:51 8:45 10:02
152 1:44  2:37 329 421 513 606 6:58 7:50 844 10:01 [i2:21]*
@ 110 53 1:45 2:38 3:30 4:22 5:14 6:07 6:59 7:51 8:43 9:38 10:54
D2 1:44 2:37 3:29 4:21 5:13 6:06 6:58 750 8:42 9:37 10:53 13:13*
D> :10 53 1:45 2:38 3:30 4:22 5:14 6:07 6:59 7:51 8:43 9:35 10:30 11:46
52 1:44 2:37 3:29 4:21 5:13 6:06 6:58 7:50 8:42 9:34 1029 11:45 14:05*
@ 110 153 1:45 2:38 3:30 4:22 5:14 6:07 6:59 7:51 8:43 9:35 10:28 11:22 12:38
92 1:44 2:37 3:29 4:21 5:13 6:06 6:58 7:50 8:42 9:34 10:27 1121 12:37 14:58 *
E> 110 53 1:45 2:38 3:30 4:22 5:14 6:07 6:59 7:51 8:43 9:35 10:28 11:20 12:14 13:31
52 1:44 2:37 3:29 4:21 5:13 6:06 6:58 7:50 8:42 9:34 10:27 11:19 12:13 13:30 1550*
Fig. 4. Residual nitrogen time table for repetitive air dives, excerpted from U.S. Navy (2018).
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Table 8. Calculated number of dives based on predicted tidal con-
ditions for SSDS diving during spring tides with strong

currents
Date Time Range Diveable Time Number of Dives
(DD/MM)  (hh:mm) (min) Hull  Seabed
01:30~03:20 110 1.9 34
07:30~09:20 110 1.9 34
16/05 13:10~15:00 110 1.9 34
19:30~21:00 90 1.6 2.8
Total 420 7.3 13
Average 105 1.83 3.25

Table 9. Calculated number of dives based on predicted tidal con-
ditions for SSDS diving during spring tides with weak

currents
Date Time Range Diveable Time Number of Dives
(DD/MM) (hh:mm) (min) Hull  Seabed
08/05 00:00~24:00 1,440 25.2 45
Total 1,440 252 45
Average 1,440 252 45
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Table 10. Composition and deployment of personnel for hull diving during spring tides with strong currents
Date Time Range Surface Time Diveable Time Number Personnel Deployment
(DD/MM) (hh:mm) (hh:mm) (min) of Dives Diver Team Diver Total
01:30~03:20 04:10 110 1 1 2 7
16/05 07:30~09:20 03:50 110 1 1 2 7
13:10~15:00 04:30 110 1 1 2 7
19:30~21:00 05:10 90 1 1 2 7
Total 420 4 3 6 16
Table 11. Composition and deployment of personnel for hull diving during neap tides with weak currents
Date Time Range Surface Time Diveable Time Number Personnel Deployment
(DD/MM) (hh:mm) (hh:mm) (min) of Dives Diver Team Diver Total
08/05 00:00~24:00 - 1,440 25 14 28 48
Total 1,440 25 14 28 48
Table 12. Composition and deployment of personnel for seabed diving during spring tides with strong currents
Date Time Range Surface Time Diveable Time Number Personnel Deployment
(DD/MM) (hh:mm) (hh:mm) (min) of Dives Diver Team Diver Total
01:30~03:20 04:10 110 3 3 6 11
16/05 07:30~09:20 03:50 110 3 3 6 11
13:10~15:00 04:30 110 3 3 6 11
19:30~21:00 05:10 90 2 2 4 9
Total 420 11 6 12 22
Table 13. Composition and deployment of personnel for seabed diving during neap tides with weak currents
Date Time Range Surface Time Diveable Time Number Personnel Deployment
(DD/MM) (hh:mm) (hh:mm) (min) of Dives Diver Team Diver Total
08/05 00:00~24:00 - 1,440 45 20 40 60
Total 1,440 45 20 40 60
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