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Abstract

In this study, we examined the rescue and surface recovery times of surface-supplied helmet divers
under two underwater rescue scenarios: (i) umbilical cable-free (or can be freed) unconscious diver
requiring no separation from the umbilical cable, allowing surface recovery of the diver via harness lift;
and (ii) umbilical cable-attached (or can not be detached) unconscious diver who must be detached from
the umbilical cable for surface recovery via either a stretcher or a lifting method. Four umbilical cable-free
dives and ten umbilical cable-attached dives were carried out to evaluate the underwater rescue and surface
recovery times under each scenario. The water depth in the experiment was 20 m and an optimal rescue
time of 5 minutes (min) was set. The results of this study are as follows. 1) The average rescue time
(from “diver down” to “diver on deck”) for the umbilical cable-detached dives (four dives) was 7 min 22
seconds (s), divided into an underwater rescue time of 4 min 52 s and a surface recovery time of 2 min
30 s. 2) The average rescue time of umbilical cable-attached dives (10 dives) was 8 min 54 s, divided
into an underwater rescue time of 5 min 10 s and a surface recovery time of 3 min 44 s. 3) Umbilical
cable-attached dives required an additional 20 s for underwater rescue and an additional 1 min 15 s for
surface recovery compared with the umbilical cable-free dives. 4) The underwater rescue time stabilized
after the second and third dives for the cable-detached and cable-attached dives, respectively. 5) The
surface recovery time for the cable-attached dives depended on the individual diver's knowledge of surface
rescue and team work by the rescue crew.

Key words : Commercial diver, Surface-supplied helmet diver, Diving accident, Golden time, Underwater rescue
scenario, Underwater rescue & surface recovery
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<Table 1> Summary of two underwater rescue
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scenarios: umbilical cable-detached (or can be detached)

and umbilical cable-attached (or cannot be detached) divers

Task
Section

Summary of Tasks

umbilical freed(or can be freed) | umbilical fouled(or can not be freed)

Preparation

Prepare for diving and diving station

STBY diver get equipped and tested to stand-by

Main diver placed on the bottom as a victim diver

Set umbilical conditions can be freed(or can not be freed)
Disconnect the communication to the bottom without notice

"Diver down"

Inform to all crew and call for rescue "Diver down, Diver down"
Time starts and STBY diver starts to put on the diving helmet
Supply the diver's pneumo. with appropriate pressure

In the water

STBY diver jump in the water
Descending follow the diver's umbilical

Reached Diver
(underwater
rescue)

Check the Air supply and Vent the

diver's helmet

Open the EGS remains If available and
required

Check the diver's consciousness and
surroundings

Freed the diver's umbilical if possible
Clear the diver from surrounded
obstacles

Check the Air supply and Vent the diver's helmet
Open the EGS remains If available and required
Check the diver's consciousness and surroundings
Place the STBY diver's pneumo. into the diver's
helmet(if needed)

Separate the umbilical from the diver's helmet
Clear the diver from surrounded obstacles

Leaving Bottom

Prepare for travel to surface and start coming up
Maintain the diver's head straight and ascending rates

Reached
Surface

Pull up the diver with care to recover
the diver from the water

Use stretcher to
recover the diver from
the water

Use stretcher and hoist
to recover the diver
from the water

Diver on Deck

Remove the helmet and undressed the diving gears
Check for the diver's condition or injury
Conduct CPR/O2 or neurological exam

Evacuation

Put the diver into the chamber or transfer (if required)
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Section view

Diver location

20m

Water depth=2 m

Diving controls

Water depth
=5m

Surface recovery

8m

(c) Diving helmet and bailout system
[Fig. 2] Equipment for the experimental study

(d) HP compressor and bailout tanks

- 1881 -



=z

Arel -

=

Hlo] Fr4AKStandby diver): %ol A
E TEete] FREA o]Fshe A
o},

Hlo] Z4=A} ©lti(Standby diver tender):
el gulsh AALEE wrHT T3

ded Aze B dddth

=
‘l>i SN
& 1
_|>L

¢
u!

o N
-y
o2
ot

>
=

5
)

?_

=ow
L

wl
& W

e

A FETENYE ) FHoR
AR 2adE AL
of A B At el
el A A

colu Tk, tholu

=

L

4r ol

o2
o it oo o

=

o

_°|L‘

H

(1) 5 = (Diver down-diver in the water):
‘Tol®  th(Diver down!) ol AHE FE3FFAL
7b el drle #Rsta drE SR
S v 7HA el - ARh

(2) 3 $H(In the water-reached bottom): T
ZFAE e Wy 2dgEAbl Al =2Fst
=d 7k A9 s AL

(3) 7% ¢FE(Reached bottom- leaving bottom):
upehol =S FRIFAE bbbl @l
= F7INA AR FVlEs AHE #dsta,
dilgAe] FHoE W e st g
fEe Al AAAQ Feo] 7l @
o 7k4 A #5732 ARk

(4) % $5(Leaving bottom-reached surface):
TE FAFAPE vhES vy Ass AlEete] ¢
Holl Last=dl 7HA A™ s 9E AIRHE
A= #4420 m8 x5 7HEsEY] o

ul
=

Fol FxALE WU Qa9 Q5L o Fet
oAz W R graRe] AesE wd

=
T

30fsw(Feet of sea water)E x3}3s}o] o]F
Q== 39 thUS Navy, 2016).

(5) A ¢rF(Reached surface - diver on
deck): FH7MA] FE2F ZELFALE EHolY
FO|AEE o]gsto] HaA® Hol&wle FHd
Fpgo ] 2" AL

6) AnvlsA ¢E(Diver on deck-Equipment
removal): HlZo| EHol&HZ kAt A A

AR SFAAI} Tfestes dde Wl &
vl A5 ekFsh=d 74 A ARk

N
R

o2
e
ol
=
oh
é{
-
)
o
i

B L -111'“1 O me AL (o @
[ o
o,

= HF=A] Z] Ao SCHUS Navy, 2016).

dabebe] BAUES e V)5S 573
F2FFAPE ol Ak iieg
A o] AsfsiA = FF3 7
th wEbA] FETERTIeA L

fo,
o,
gt rlo

4
BN

X,
¥
~
<
-4
BN
4
L
i)

=}

- 1882 -



TE Ao IdUgEs E o B7)A

R R - RN

a9l BHE ANHE B
[Flg 3]°ﬂ ‘4’15}14191‘:]' ot

(c) Surface recovery & equipment removal

[Fig. 3] Underwater rescue performance and surface recovery times for an unconscious diver
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<Table 2> Rescue times for the 14 dives performed during the study

Average split time during task Sections(sec)
Underwater rescue Surface recovery

Diver Down

Diving # Dj:erlnDt;\:n -> Reached -> Leaving -> Reached  -> Diver Equi_p>mer1t -> Equipment
Bottom Bottom Surface on Deck Removal
water Removal
341a 53 35 4 g3 49 59
#1 460(7min 40scc) 132(2min 12sec) (9min 52sec)
. 98 34 86 87 125 45 475
Scenario 305(5min 05sec) 170(2min 50sec) (7min_55sec)
: .3 a1 59 51 53 111 24 339
204(3min 24S€C) 135(2H1i11 ISSCC) (5min 39sec)
45 78 %) 35 126 36 362
# 4 200(3min 20scc) 162(2min 42sec) (6min 02sec)
86 114 155 98 161 41 655
#5 443(7min 33sec) 205(3min 25sec) (10min 55sec)
83 71 28 95 5 45 380
#6 283(4min 43sec) 97(1min 37sec) (6min 20sec)
45 46 90 3670 132 24 704
#7 548(9min 08sec) 156(2min 36sec)  (11min 44sec)
. 60 62 78 66 123 32 21
266(411’1111 26SCC) 155(21]?1111 35SCC) (7min 0Olsec)
53 87 51 50 177 32 450
Scenario " ¥ 241(4min Olsec) 209(3min 29sec) (7min 30sec)
2 1o 45 43 61 63 379 29 630
222(3min 42sec) 408(6min 48sec) (10min 30sec)
58 o4 6 83 109d 27 410
# 11 274(4min 34sec) 136(2min 16sec) (6min 50sec)
5 103 25 o1 234 ) 547
#12 271(4min 31sec) 276(4min 36sec) (Omin 07sec)
77 45 2 138 443d 54 779
# 13 282(4min 42scc) 497(8min_17sec) (12min 59sec)
.14 64 52 78 63 71d 35 363

257(4min 17sec)

106(1min 46sec)

(6min_03sec

%% Cause of failure - a; Communication failure, b: Separation failure of umbilical, c: Surface missing, d: Hoist failure
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<Table 3> Average split rescue times and total rescue times for all dives

Average split time during task Sections(sec)

Underwater rescue

Surface recovery

Cases Diver Down Diver pown
> In the > Reached -> Leaving -> Reached -> Diver on -> Equipment -> Equipment
Bottom Bottom Surface Deck Removal Removal
water
131 56 51 54 111 39 4
Scenario ! 292(4min 52sec) 150Qmin 30sec)  (7min 22sec)
1 61 57 60 58 121 35 392
Case 2 236(3min S6sec) 156(2min 36sec) (6min 32sec)
62 70 66 112 188 36 534
Case 3 310(5min 10sec) 224(3min 44sec) (8min 54sec)
65 80 69 78 132 36 460
Scenario ¢ 292(4min 52sec) 168(2min 48sec) (7min 40sec)
2 82 66 62 95 166 37 508
Case 3 305(5min 05sec) 203(3min 23sec) (8min 28sec)
e 6 64 73 66 7 129 36 440

275(4min 35sec)

165(2min 45sec)

(7min 20sec)

¥ Case 1(Diving # of 1, 2, 3, 4), Case 2(Diving # of 2, 3, 4), Case 3(Diving # of 5th ~ 14th), Case 4(Diving # of
5th ~ 14th dropping 7, 10 & 13th), Case 5(Diving # of Ist = 14th), Case 6(Diving # of 1st = 14th dropping 1, 7, 10 & 13th)

Surface recovery

§ Underwater rescue

_ S // 2
/ \ _
N N7E | | n
w LN AN 7 N 7 7 2/
G':::w * B \\‘;\ :f:;'_/. \::1. ;’\ \\.\ ‘% /}: i//- A o S %
IN N Z 7N N N NK 28 N NN
Yy R N R N R g B R
1 Y N RS Y W R X N N
YANN NN YNNY NN N DYDY
Diving # 1st 2nd 3rd 4th 5th 6th 7th a8th ath 10th 11th 12th 13th 14th
[Fig. 7] Underwater rescue and surface recovery times for dives 1-14
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