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A Study on the Optimization of Remaining Oil Recovery

System from Sunken Vessels

Shim, Yoo Tack

Department of Coast Guard Studies

Graduate School of Korea Maritime and Ocean University

Abstract

It is known that there are about 2,000 sunken vessels within jurisdictional
waters in Korea. If the remaining oil, however, might be spilled out of
tanks by whatsoever reason of hull corrosion, strong current, external
shock by passing vessels and/or fishing activities and so on, it is expected
that serious damages might happen biologically, ecologically, socioeconomically
as spilled oil affects the sensitive areas such as shore and near—shore
waters with a lot of fishing ground, aquaculture, amenities and industrial

facilities.

Korean government enacts relevant laws and regulation on the control
and management of sunken vessels providing details of risk assessment and
risk—reducing measures, and have the Korea Maritime Environment
Corporation conduct on—site control and management. Nevertheless, The
remaining oil recovery system from sunken vessels is required to be
optimized to apply to any kind of situation, considering that the recovery

techniques vary according to shape of ship on seabed and surrounding
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meteorological and sea state.

In this regards, the author studied to design the optimized remaining oil
recovery system, examining its current management system domestically

and internationally and also 4 case—studies. As a results of the studies are;

First, with reference to the recent statistics, it has been reported that
there are 2,153 sunken vessels in the Korean costal waters as of 2015, of

which 81.2% of them are fishing vessels and 273 vessels are over 100ton.

Under the Maritime Environment Management Act(hereafter “MEMA”),
it is stipulated that in order to effectively manage the status of sunken
vessels in Korean waters. However, the MEMA has been criticized for its
inconsistency and irrationality, for instance, under the evaluation criteria of
risk assessment, while there are many items that are listed for quantitative
score evaluation, only the quantity of remaining oil and keel clearance are
considered the most important and hence receive the most number of
points. Therefore, the author has suggested that it is necessary that the
MEMA needs to be reevaluated for its overall effectiveness and according

to be rectified/amended.

Second, conducted several case—studies in order to examine the
procedures of remaining oil recovery on global scale, which include the
sunken tanker “No.l Yuil-=Ho"(1998) and “kyungshin—Ho"(2011) cases in
Korea as well as “Erika”(2000) and “Prestige”(2003~2004) cases overseas.
According to these case—studies, it was found that the methodologies that
were employed for remaining oil recovery differed significantly from one
another. Moreover, it was also found that the effectiveness of remaining
oil recovery relied heavily on the status of the sunken vessel and its
surrounding environment and therefore, the author concluded that it would
be worthwhile to create an all inclusive system which optimizes various
available recovery methods for most situations, so that the implementer

may choose the most appropriate method for given situation.

_Xi_
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Third, being based on foresaid studies and examinations, the author
designed the optimal model with 3 main components of recovery
environments, recovery practices and post management, each of which is
composed of applicable elements in details related to the recovery work of
remaining oil from sunken vessels, and then evaluated the effectiveness of
model applying to oil recovery work from sunken tanker No.1 Yuil—Ho done
in 1998. Moreover the author created a new measuring method of remain

oil—water interface used by standpipe.

According to the result of effectiveness evaluation, optimized recovery
system has been proven and confirmed to be useful for making action plan
and managing and executing the recovery work, therefore this optimized oil
recovery system would make an effective tool for conducting oil recovery

operation from sunken vessel.

Finally, further study including cost—benefit analysis and quantitative
score calculation will be continued to get the more advanced and improved

decision making procedure of remaining oil recovery from sunken vessels.
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Objective & Background

<L

Review of Sunken Vessel Status
in Korean Costal Waters

4L

Review of Sunken Vessel
Management System

b

Presentation of Decision Making Procedure
for Remaining Oil Recovery from Sunken

Vessel

Review of General Remaining
Oil Recovery System from
Sunken Vessel

Case Study of Remaining Qil
Recovery Work from Sunken

X7 1

| | Needs of System Optimization

4L

from Lessons Learned

Develope Optimized Remaining
Oil Recovery System from
Sunken Vessels

<L

Evaluation Effectiveness of
Optimized Remaining Oil
Recovery System from Sunken
Vessels

<L

Concluding Remarks

Fig. 1 Flowchart of the study
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Table 1 Marine accident statistics by ship type

Year/ Passenger | Cargo | Fishing Other

Type ship ship ship Tanker Tug ship Total
1998 13 73 700 34 28 88 936
1999 15 97 781 24 41 83 1,041
2000 15 93 586 14 25 47 780
2001 13 116 537 23 40 50 779
2002 13 132 509 17 46 58 775
2003 10 120 483 28 51 75 767
2004 20 130 734 24 67 95 1,070
2005 8 99 657 24 37 59 884
2006 17 110 584 43 53 58 865
2007 13 96 495 31 55 69 759
2008 21 74 864 27 59 76 1,121
2009 17 110 1568 33 70 305 2,103
2010 22 133 1380 45 97 265 1,942
2011 22 118 1573 43 86 297 2,139
2012 32 109 1315 45 104 249 1,854
2013 29 107 839 52 78 201 1,306
2014 51 111 1029 51 102 221 1,565
2015 66 115 1621 65 94 401 2,362
Total 397 1,943 | 16,255 623 1,133 | 2,697 | 23,048

* source : MOF, 2015
— 9 —
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2.1.2 A EAL A%

2008 dH-E 2015 Alo]ol EAYSE YA F 12,2967 FolA

2867102 2.3%E AT}

Table 2 Marine accident statistics by accident type

Year/Type 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | Total
Collision 135 240 | 242 260 196 175 180 235 | 1,428
Contact 18 19 28 32 33 23 19 28 172
Aground 53 88 148 | 120 | 113 91 96 84 709
Capsize 13 47 38 58 39 32 35 32 262
Fire/Explosion | 32 89 82 84 105 79 97 100 568
Sunk 21 38 50 65 41 21 19 31 255
Missing 0 2 1 0 11 2 1 0 17
Engine 415 727 | 571 | 652 | 489 | 290 | 339 | 703 | 3,483
D | Propeller | 44 71 30 49 55 35 33 135 317
1’21’11 Rudder 31 65 42 37 37 27 56 83 295
g Equipment 2 7 4 5 4 4 9 3 35
€ | Distress 0 0 0 0 0 0 0 0 0
Facility 21
Life Demage 17 25 32 84 60 45 113 | 144 376
Safe
Navigation 141 288 | 217 | 234 | 227 191 205 331 1,503
Disturbance
parine. o | 4 6 | 8 11 18 | 52 53 99
Others 24 104 132 117 149 57 72 137 655
Total 948 | 1,815 | 1,627 | 1,809 | 1,573 | 1,093 | 1,330 | 2,101 | 10,195

* source - MOF, 2015
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Table 3 Sunken vessel statistics

Wreck Removal & Others

Classification| Total | Sunken Wreck International
Sub Total . Others
Removal | (Foreign)Water

Ship(Number) | 2,870 | 2,153 717 533 184 0

% source . MOF, 2015

2.2.2 A9 I3

Yo HEHo e 2,1534 & AFEE F/3E ofde] dAA9 81.2%
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Table 4 Sunken vessel statistics by ship type

Ship Total Tank| Cargo | Gas |Chemical Tu Passe Baree Fishing| Oth | Un—
Type —er | ship |Carrier| Tanker Elenger| "2 8% Ship |—ers|known
NEZ_ 2153 | 5 | 111 | 2 9 71 | 12 | 52 [1,748 |53 | 97

* source : MOF, 2015
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Table 5 Sunken vessel statistics by ship size
Classification Total Under 10Tons| 10~100Ton |Over 100Tons
No. of Ship 2,153 1,027 848 278
* source : MOF, 2015
224 f9d A

N (42.3%, 9102) 2} M| (37%, 7972) 9|
ALl 20.8%2 446F 0] FEHo] Tt

F2 R¥

i

4 A= ﬁoi ‘/}E‘r‘)'ﬁ‘r Table 62 —rE]UrE‘r ARkl
AEs o) gl Aute) soid @l
Table 6 Sunken vessel statistics by sea area
Area Total East Sea West Sea South Sea
No. of ship 2,153 446 797 910
* source - MOF, 2015
2.2.5 1008 o]F AEA9 %

do] MEMd d3s ¥re &

olR¥, | FEAue F 2784w AFHEz HY 3EAo] 96xo=

34.5% 5 AAet 7Hd Bal F HARE of4do] 83H 0= 29.9%9] HlES Kol
ATt ooz BA(427, 15.1%)3 A (123

A, 4.3%)s0 2 ot
ELEE UrolRW 13 E u|who] 206302 74 1% XA 131 EoA]
37 & Abol7} 542 (19.4%), 33 EA 53 & Akel7t 83 (2.9%), 55 E°llA 1
ok B Abolo] 7H(2.5%)°] Y 17k E o)A

100 o]F dF

L.

s

& 3% 02 1.1%9 Hl&s B
1 A2 Table 79 2Tt
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Table 7 Sunken vessel statistics by ship type & size

Classifi | passe Car.go Tank Gafs Chemical Fish.ing Barge | Tug | Other Un Total
—cation | —neer ship —er ship Tanker ship —known

Under
4 1 964 2 1 25 30 1,027

10tons

10—
3 10 474 6 46 15 36 590

50

50—
1 4 227 2 12 3 9 258

100

Sub
8 15 0 0 0 1,665 | 10 59 43 75 1,875

Total

100-
2 49 2 1 2 83 29 11 5 22 206

1,000

1,000—
1 34 1 1 11 1 5 54

3,000

3,000—
6 1 1 8

5,000

5,000—
1 4 1 1 7

10,000

Over
3 3

10,000

Sub
4 96 5 2 2 83 42 12 10 22 278

Total

Grand
12 111 5 2 2 1,748 | 52 71 53 97 2,153

Total

% source . MOF, 2015

saAlasl RAsE Alne gl met gl sa), sEn A £
EE AT A% AAH JE BE V1E 59 KEL A% AR 09

Collection @ kmou



A shE o] dF e ARTE Al Tt eAl Hof A

2AbE

=]
T

=
5

7 del At

= =
= =

o 13l

ﬁo
W

0
3

Hlo

BN
~
o

o

el

2 244 %9

==
1o

ol
Hlo
To

ot

AL AATA BE e

)

3 gAY

B

o]

L
Qe

]_

o)

wr
M

0

3

2~
T
]—tﬂl——

ol
=
]

ol A AA

&

XO

}

Dol el =7]

A\

’

oF
o

8

Lol
;OO
o

o

i

%A AY, =

9 54

wK

b
o

X0

=
1o

T Slth

S

N

=
=

o

_—OO

Collection @ kmou



s

=

574 ]

T

Ay 7}

ar
=

)

&l w
7}

1 A211% 6

A%

3]
=]

4

1

T

o1

=
2

s gl

L=

fo13
=

I AR AAE AE

2.3.2 &

ol

o

bo

K
!
ol

o

o

1
of-
;_ﬂo

)
—
file)

-

8ol

o] A% &

=
=

st 7]

]

1
T

A E

o] A4

=
=

Wejzio) e} Lo )

N

0

M
o
ﬁo

I
4

o] 23

AN

kool et

<

il

=
T

=<

jus

]

°
— 16 —

634kl =X 4

ok

=

7159 de

Collection @ kmou



[~
i)

2
N
mjn

—_
"o

ey

—_—

°
I
S

—

NI~

ﬁo
o
~~

o

=
o

m_mo

Blo

=3
1o

3 g,

o
=]

Aelass AHels) A o

_g]

i <1<

3|

oF 5 E | )

=3
o

RS

CI =

o el

=
=5

SRR

7154

—_—
o

HAIA o) 7kl

}1\_]_-

3

]

o

T8

=
AL T

)

5)

)

el

b2
&

o
)

xX

mn

—

_XE

o

Collection @ kmou



J

RREES

3]

1 A2zA1% 9]

W

#, 2016) ¢

b

_ZU

gose 5

NA =

Z

<13 e

2k 2334 9]

o]

G B A A83Fg2(F

2015 H-5 dAAZA AlF
e R i A B P I

2.4.1 JEAQ49 &9 AA

)

o

1.

(o)
H

FAoNE A A) L A30Z( 2

5}

o,

A 282 (

H

_]

S
o

BAkr

I3

=1}
=

ol &2 AA)

A7t ek o] F

‘_u_mo

N

= ARHem &

]

SE DI

S

=]
T

stof Mol S

S

= A&

Ju}

HEH 59 A83%F92(

R

A

T

|
~

bl 77

°

H-§ T3 s atel] &

Collection @ kmou



yoll=

=
[}

N TE A47Z2(Y N E FHt

S

F AT
g3

[

o
R

)

Hlo

R

B
o
mr
—_
o
Yy
=
]

o] A3)ol A

]

7

] A47293(e = A7) 2

=

s

A et

)

I

o)

A 2

BW

=

3}

A

S

g

—
o)

—_
fite)

it

Far

H] -
&

foi3
=

s A

9}
3} 52 HE

Fofof

°

o AfAT} Bt
Aol #eol o

wl
=

Z4

}

sl o A47x25(H

S

bol 773

9

],

&

2 A4724(Hs = AdHA v]8-2] 4

LAl &

ol
=

X At

o &4
W oo A4 A

}o]

J|

o)

o
‘wwo
Gl

‘mwo
job

ol

Collection @ kmou



otol A AW E ule} o] 1983dRE 20153 9¢¥ 3AA7HA

©] 13%(9278

¥
2}

9) ol ™

)

uato] 6%(132

all

39

—_
1o

,mﬂ
Ho

;3

o

g
oF

\}
K

so] Ut

B 37
- X

=

)7}

M e 42%(910

=0

jlN

~
file)

W

ﬁo
W

1004 wEHEC] 607 o]

so} %

R

e A
oz 60" u| vk 405 o]

3

h= =

9]

Hog 9

o]
L

Fag A A&

o F&4 dYHA2 Table 83

ﬂo

woN

Collection @ kmou



Table 8 Sunken vessel risk assessment & management plan

Classification Grade Measures to be taken

*Search position, Survey of ship’s status

. ) eSurvey of remaining oil and freight

High risk Over 60 . o L. .
*Review possibility of incident preparation

*Making detail survey plan

*Collecting and management relation information

Medium risk | 60<a<=40 | for preparation incident from sunken vessels

considering surrounding water

Low risk Under 40 —

AEdw A3 8 Gl Faby, s Fgtd A A+, 2016)°] & 20159 9
= grAs @4 BYl 7630 %7F #Yud Adute
7% 32%0] A PHEANZSE s dFERAE
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Table 9 Sunken vessel risk assessment factor & index

Items of assessment

details per item

Evaluation index

remarks

percentage Score
Oil tanker,
. 5
Dangerous good carrier
. general cargo ship 4
Ship type Towing/working/fishing vessels 5% 3
Barge and others 2
Unknown 1
> 10,000T 5
< 10,000T, = 5,000T 4.5
. < 5,000T, = 3,000T 4
Ship size < 3,000T, = 1,000T o% 3
< 1,000T, = 500T 2
< 500T 1
> 1,000kl 35
Remaining oil > 100kl 28
(including fuel oil), = 50kl 21
Hazardous liquid > 10kl 35% 10.5
substance, < 10kl 3.5
Explosive gas 0kl 0
Radioactive substance 35
< 15m 25
< 20m 20
Clearance depth < 25m 25% 12.5
< 30m 5.0
> 30m 0
Fishing ground/aquaculture 10
National park/Clean water area 8
Environment Beach/Amenities 6
S - 10%
sensitivity Conservation area 4
National special facility area 2
others 1
) > 20Y 4
Ship age at = 10Y 3
the time of
incident = oY 2
< 5Y 1
Probability of = 25Y 10% 6
discharge > 20Y 5
Lapse time > 15Y 4
since incident > 10Y 3
> 5Y 2
< 5Y 1
Port in—out fairway 10
Within port limit or nearby 8
Traffic environment Anchorage 10% 6
other fairway 4
others 2

* source - Marine Environment Management Act, Enforcement Regulation, Table 16—2
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source

Fig. 2 Situation image of sunken vessel
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Sunken Vessel Information
Collection & Analysis

Remaining Oil Estimation &

Analysis

emaining O1

NO

Existence

v

No

Recovery

ossibility

of Spill during

Removal

AAA

NO

NO

Informati .
frormation ‘ Review Wreck Removal ‘
Management
of Sunken .
Traffic YES
Vessel Hindrance
(Up Data)
ﬁ % Review Validity of Remaining YES
Oil Recovery
NO /\
Monitoring Validity
_______ YES
- Review Possibility of
Develope Remaining Oil Recovery
New
NO
Technology Possibility

NO

ituation
Change

YES
Remaining Oil
Recovery

Remaining Oil Recovery

System from Sunken

Vessels

Fig. 4 The map of decision—making procedure of remaining oil recovery from

sunken vessels
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Table 10(a) Considerations for each steps of decision making procedure in

remaining oil recovery from sunken vessel

Steps

Considerations

Information
collection &
analysis Step

o Informations
of sunken

vessel

—Ship’s Particulars/Registration
—Bunkering/Dep./Arr. etc. Shipping information
—Drawings/Daily report/Records etc.
—Cargoes/Bunker/Shipments information
—Accident sequence/Loss/Damage states
—Marine oil spill/Pollution status

—Survey report of sunken vessel status

o Sea area
information
around sunken

vessel

—Sunk down position/depth/tide etc.
—Traffic volume/Zone/Harbor/Anchorage
—Marina/Power plant etc. Environmental
sensitive facility

—Sea farm/Marine products/Fishing ports
—Geography/Environment/Ecology/Meteorology
of sea area

—Near shore type/Wild habitat

o Information
of seabed
geography &
underwater

environment

—Topography/Seabed form/Gradient etc.
—Underwater environment as Current/Water
temperature/Visibility/Sedimentation/Obstacles
etc.

—Ecological environment as Animals & plants

lived seabed

Collection @ kmou




Table 10(b) Considerations for each steps of decision making procedure in

remaining oil recovery from sunken vessel(continued)

Remaining oil
status estjmation
& analysis Step

o Condition
before sunk
down

—Qil storage position/Quantity at the
accident time

—Ship’s damage by the accident
—0Oil spill condition at sea

o Estimation of
remaining oil

—Considering status of sunken vessel as
hull damage/Pose of landing at seabed

quantity & —Analysis remaining oil status with
distribution ship’s drawings

—Reyiew pqssibility of spil}age thh
o Spillage remaining oil data as kind/distribution/hull

prediction of
remaining oil

damage
—Considered the point of corrosion
level/possibility of seabed conditions
change

Needs of wreck
removal
reviewing Step

o Ship’s traffic
disturbing factor

~Traffic zone/Traffic volume
—Secure enough clearance depth with
sunken vessel

o Character of

—Environmental sensitive area/special

sea area restrictions applying sea area
ljrgeerrléoyusonfess & —Level of possibility for remaining oil
spillage
secondary Prodicti : . .
o 5 =Prediction of time & quantity of spill
Validity of pollution
remaining oil o Damage

recovery
reviewing Step

prediction of oil
spillage

—Possibility of drifting ashore & damage
of shoreline environment

o Social &
economic factor

—Cost—benefit analysis
—Considerations of social issues
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reviewing Step

o Working
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o Make decision
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—Monitoring status of sunken vessel
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o Make decision
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source : KMPRC, 1999(a)

Fig. 5 Work—class ROV used in remaining oil recovery of NO.1 Yuil
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Fig. 8 3D image of sunken vessel“Kyungshin”
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: KOEM, 2011(b)

source

Fig. 9 Launching diving bell for saturation diving
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source : KOEM, 2011(d)

Fig. 11 Storage tank used in remaining oil recovery work of‘Kyungshin”
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source - Photo credit Captain Frank Marmol

Fig. 14 MT‘Prestige’broken in two
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Fig. 15 Flow rate vs. height of fuel in tank according to exit diameter

— A& A3 N
o] AH]E Prestige® 9] o AF o) mAHH H7 70me] IJFTE
1 IJFTE GAR 25 wWHe g3 HMEG. o] HITAWE

Prestige® 9] FEfF 3F2HES sl = AsdA & FF9

2 ksl AT 5 dEs

V== AA Hx=2 JNEE o] AHSH A

Fig. 162 54 A5t A ZE o] Prestiges 2ol A}
o|t}.

op
s
N

Collection @ kmou



source : REPSOL YPF, 2003(b)

Fig. 16 Special designed Hot tapping machine for “Prestige’project
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source © https:/www.youtube.com/user/MarisEnvironmental

Fig. 17 Shuttle bag used in remaining oil recovery work of‘Prestige”
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Table 11 Comparison of underwater working method

Considerations &

. No.1 Yuil Kyungshin Erika Prestige
Working method
= Sinking
% period 3Y 23Y 6M IM
: Age at
Q ec @ 14Y 18Y 24Y 26Y
S accident
(3; Obstacles - Fishing net etc. - -
O
I t _ Not Not enough Enough
N % Uppseracéleck necessary space by cargo worf{:&ouih ace working
g & p to approach pipes g spb space
= F'cle partly
R = . Under
= Burying broken & - -
IXI < seabed 4m buried
T 8 Dot . 0408 Fore 114m | Fore 3,840m
51 8 ep Aft 128m | Aft 3,560m
N3 lay, sand
o clay, sand,
> Seabed mud mud muddy sand rock
=
H
2 Landing . 3 Fore 180°
E Pose on Por§4§1de 8°;th£1eghﬁ7ead downside up Up right
% seabed ¥ Aft up right
w)
Remote
Remote - Remote
Technic controled Saturation controled + controled
pohe diving Saturation ration
operatio diving operatio
Diving Bell/ Dixljigv I;_ell /
APPLYING | Equipment ROV Decompression | & beL ROV
Chamber ecompression
METHOD Chamber
Easily Considered Sat. diving was | Securing
approaching | installing space | done at safety at
Reason & continued | of extraction difficult place working
of working valve and for condition of
selection time method of approaching as | very deep
measurement hull broken sea (over
of remaining oil | face 3,500m)
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Zt A ZERE SRS vud RE AERE S AY9E A
o Q¥ol7] Mol W o7} gl B +ERY Wel Avste] 44H
S ¢ g Aok gl JAY A9 AlFAY AAFA ZGA Gl whef o] 7
o] AYHAE S AATES £ 2 AW BAAY §oldo] welw 5
T JS Aot

Table 12+= Al &R SAY vluo|t

Table 12 Comparison of remaining oil quantity measurement method
Considerations & . . . .
. No.1 Yuil Kyungshin Erika Prestige
working method
Under water Saturation ROV+
[ , ROV 74 . ROV
N working method Diving Sat. Diving
F
0 Recovering Limited working
R . Normal Urgent Urgent
M urgency period
A
T
I Measuring 8 Cargo Tk 8 Cargo Tk
0 NO DATA NO DATA
N range F.O/L.O Tk F.0O/L.O Tk
Drilling & Neutron
% Technic Not implement | measuring by | Not implement | BackScattering
E diver (NBS)
Y ) Drilling Thermal
I Equipment — i _
N Machine Neutron Tool
G All oil Tanks According to Do not Securing
M were pumping | working method | implement due | safety at
,II:, Reason out without in underwater | to urgent X)Ol’f(li{iltril(%n of
H of pre—measureme | (Sat. diving) situation very deep sea
0 selection nt under limited (over 3,500m)
D working
conditions
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3.2.3.3 AA #Z9UH

g FUFxY AAZREH IFEFE T3] AsiXe dEe st I+
g rstoforgitt. webx 2zt AtElo A= EF Hot tapping 29 23 W
AAste] AR J32AFH FA FeTY AN Thed WErt 4
o] E Y Base PlateE FA]o] &
o] A7 AHgete FZeo 52 9 F

A

=
4 9tk Table 132 Atald HE=

dd, o

ol

e

Table 13 Comparison of extraction hole tapping method and technic

Considerations & . . . .
. thod No.1l Yuil Kyungshin Erika Prestige
working metno
1 .
Under water Saturation ROV+
I%I working method ROV Diving Sat. Diving ROV
0
R . Stb'd shell Upper Deck
IXI Hole position B, e Upper Deck & Bottom Upper Deck
T
[ Open & shut Ad
pen shu apt Connecter Connecter
IC\)I device TRy installed valve | installed valve | installed valve
A Technic Hot—tapping
P
P Tapping Tapping Tapping
% Equipment ROV + ROLS machine by machine by machine by
I diver ROV ROV
N
G EZT;Zgoif According to working method in underwater
M
% Auto—closing Valves Applied
o valve installed | controled by natural oil
0 Characteristic | on base plate | diver floating
D when ROV method
retraction (Hole dia.=70cm)
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AER Ttde] B BER LEE A5AA FES 25| 857} 9%
A B Q=R e AYgolth Wt 2golut AV F g RlA o
o

UAs g = oe
WHo] AMgEV|= dh=dH Erikad o] AtgldAM T 3lAA] S e] A=
o FEF 3¢ T "Ha3e AF3FYge "ga YR g2EEo] v FIERE
F7IZ 3 Fele BHoZ JER VEY TLS HHOE Adstes Ao] Yht
Zolth. Table 14= FEFf 7Hd 3 &3 A#0Y vlagolth
Table 14 Comparison between heating and washing method
Considerations & . . . .
. No.1 Yuil Kyungshin Erika Prestige
working method
1 Kind of oil Bunker—C Heavy Fuel Oil
N
T
I (F) Seawater 12~14C 4~5C NO DATA 2.6C
0 R temperature
N
M Fore 114m Fore 3,840m
A Depth £8m 94=98m - | A p 198m Aft 3,560m
Heating inside | Circulation of L
Tech. of recovery remaining oil | PPV VISCOSILY
Heating hose degradation Not implement
Equi Steam Boiler Electric or method
qup. steam heater Iniection diluent
A Injection hot Hot water fuection dituen
P Tech. : ’ (methyl ester of .
Tank water circulation Bio—
P washin rapeseed) and diati
% SMNE | g ouip. | Steam Boiler Steam Boiler | mixing with oil remediation
I{I Hard to supply
G Heating Efficient up heating energy
Reason recovery hose & preventing | Secure safety due | under very deep
l\él of only under loss of heat to worn—out hull | sea working
T selection condition of with condition condition &
o warm sea water | circulating natural floating
0 recovery method
D Installed Used diluent for Used
heating & viscosity bio—remediation
Characteristic _ circulating degradation without tank
device near washing
sunken vessel
on the seabed
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3.2.3.5 ZZ&+F 34 (Extraction)

AER SRS B Ao F BYoT thFd FuHYL AA AFHO
2 REHFES Wol LY/ Bk iAozt HNeTel Prg Axsdw A5
§ 528 948y 5T WHE AYT F WZE ASAA HPoE Dol
<A ==t Prestiges A AF wig- F4lo] e AdMe &2 A4
Hro EETY TAZE A3 27t ol 7159 T8-S o] &3 ol
AR E 7= g

Table 155 Al#El® 3] 4=(extraction) 'y vl FE ol

Table 15 Comparison of remaining oil extraction method

Considerations & . . . .

. No.1 Yuil Kyungshin Erika Prestige
working method
1 Fore 114m Fore 3,840m
N Depth 78m 94~98m
F Aft 128m Aft 3,560m
0
R Recovery ! Natural oil

M Pumping .

A method floating
T
I
I(\)I Stand pipe Installed Not installed Installed
Hydrostatic
é ) ) Y Extraction by
Technic Pumping pressures .
P . Gravity
L difference
Y
I . Double screw
N ) ROLS with .
G Equipment Vogelsang 1210 pump from Shuttle Bag
Framo pump
M Spare tank
E
T Reason
H . Common Superannuated | Very deep sea
0 of Using ROLS .
. method hull condition work
D selection
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olgld TS AA FaAFo= A
EF(Ecological time bomb)o. 2 Bttt AAZ MA 22 thd w &3 Auat
ZHE JERTT FEHO I5AHe] AdE A= A g

Table 16 AA 22 thd Al &3 dupol A E=4/7)

o] Al H Aot}

Table 16 Cases of remaining oil recovery from sunk vessel at the World War II

UsS SS S/S Brigadier
Ship’s name MissiA g Jacob Princess General
Luckenbach Kathleen M.G. Zalanski
Nov. 20 July 14 Sep. 7 Sep. 26
‘5/? Date 1944 1953 1952 1946
2.
o'% Place Uliti Atoll, San Francisco, Point Lena, Nogtrk%tiCSﬁast
Micronesia USA Alaska, USA Colombia
Aug. Nov. Feb. Sep.
gg Date 2001 2001 2010 2003
=g Spill Found out b Oiled bird 0il sh
] 1 ound out by iled birds il sheen
g: detection sport diver discovered observed USCG report
° . Jan.~Mar. May~Oct. June Nov.~Dec.
=g Period
- g 2003 2003 2010 2013
[¢%
g e NSFO ,
= B. . . The available | FO Bunker—C
@ 5 | Quantity | 1.8 million )
2 m oil 130,000gallons 11,623gallons
gallons
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Study on Generally Used Remaining Oil
Recovery System from sunken vessel

Apply Result of Case Study

— Sunken Vessel
.. _ Information
Optimized Pre—Survey —Sunken Vessel Status
Remaining —Working
i @ Circumstamnces
0il
Recover N _ACtiOn Plan
y 7‘ Execution ‘7 *Readiness
System *Execution
from @
Sunken
- —Result Report
Vessels Post Action —Monitoring
—Expenses
Settlement

Fig. 18 Designing plan of optimized remaining oil recovery system
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OPTIMIZED REMAINING OIL RECOVERY
SYSTEM FROM SUNKEN VESSEL

WORKING CIRCUMSTANCES
PRE—-SURVEY STAGE

Sunken vessel
condition survey

STAGE

Meteorological &
oceanographic survey

Oil leaking Remaining Whether, Geological
condition oil quantity underwater survey of
survey measuremen —condition seabed
Recovery work Basic policy Underwater

scope & level decision work
U method
RECOVERY WORK
EXECUTION STAGE
(‘TA/‘“
Readiness E?S’[rﬁ)ﬂﬁq Execution
Process Action Plan Process
Recovery method Cooperativ Contract with work
selection e system execution party
Prepare 0il. e Site V&tlprk Resource
extraction || viscosity technical operating S
hole degradatio | | advising & control | managing
- ey group manual piam
Oil Tank Logistics
pumping ||washing Emergenc &
— tin
Verifying | Counter J supper
effectivenes || measure JEND15€ g plan
s& safety study plan
POST ACTION STAGE
Evacuation of Working result Expenses Monitorin
field organization evaluation & reporting settlement g

Fig. 19 Block Diagram of optimized remaining oil recovery system

from sunken vessels
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Table 17 Comparison of under water working method
Commercial Diving ROV
Function
Bounce Saturation ADS Observation Work—class
Depth 60m 300m 610m 1,000m 2,000~3,500m
Working ) Max Record .
50min. 6hrs No Limit
hour 43days
Simple Long term Relatively Light weight & Straightforward
equipment | working is long term simple operation | action &
Charact— | & less possible but working is relatively stable
.. manpower | need many possible but position keeping
eristic supporting need special is possible at
equipment equipment sight
Immediate reaction is possible against It have advantage of long term
Strength emergency situation & can manipulated working at deep sea & excellent in
operation securing safety
Fig. 20 Fig. 21 Fig. 22 Fig. 23 Fig. 24

Collection @ kmou



source @ www.commercialdivinginstitute.com

Fig. 20 Bounce diving

. .. source - e s
www.professionaldivingacadémy.com source : Wikipedia, ADS

Fig. 21 Saturation diving Fig. 22 Atmospheric Diving Suit
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source : Frank Mohn Flatoy AS, OST, 2003(a)

Fig. 26 Calculation method of oil—water interface in

remaining oil tank of sunken vessel by sampling
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Fig. 27 Oil sampling tool
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Fig. 28 Neutron Backscatter — Multiphase interface level measurement
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Table 18 Comparison of oil—water interface measurement

Through the Hole Making Nondestructive
Method
Drilling Oil Sampling Measurement
Equipment Drill & Testing—Stick | Oil Sampling Tool | eutron gjﬁzzcatte““g
Checking & measuring | Oil & seawater Nondestructive
the remaining quantity | sampling by remote measurement system
Characteristic by small drilling hole | operated equipment
(OST) — Pressure &
density
Simple & most precise | sampling of only Can apply to very
Strength measurement 2points(Low & upper) | deep sea or in case of
difficult drilling
Need many repeated To make error easily | Need very expensive
drilling & can't apply | due to not accurate & special equipment
weakness at apphroaching dril!ing position &
prohibited places can't apply at
approaching prohibited
places

5 AAE =3 (Measuring method for oil—water

ank of sunken vessel used by standpipe)

—

interface in the remaining oil
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Sea Surface
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Fig. 29 Construction profile of measuring tool & standpipe attached measuring

tube way
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Fig. 30 Conceptual diagram of using measuring tool
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Table 19 Using equipments for surveying seabed surrounding sunken vessel

Suver Item

Equipment

Position at surface of the sea

GPS system

Geographical features of seabed

Multi—Beam Echo Sounder

Acoustic image explore on seabed

Side Scan Sonar system

Sedimentary layer explore

Sub—Bottom Profiler

Surface deposit

Grab

Core sediment

Piston Corer

* source . KIOST, 2015

w

LA R 5F FAed 24

SFelNel Ags Bl 9

T35 BB AE ZARGE BA-d e g 54 FHE ARt
Ay, 53] 2R/ AEE A 99 5 H f50 # As5= £
Mo s e W o2e JHS|VF 4A gong A=) o3 A8t 4
a3 Fuel =3 a9s o8 ueed=EEY FEA(ADCP
Acoustic Doppler Current Profiler)& AF&-3tH st 359 74 9 34
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u]-¢- f-&3hrt
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Fig. 32 ADCP9 &|# Hjx]=o]t}.

Surface
buoy

< | Wire rope

ADCP frame Anchor
source : KIOST, 2015(b)

Fig. 32 Arrangement of ADCP on seabed
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Fig. 38 Schematic layout of DIFIS system
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g & ol e 2AH) AAHol Y3 ROVE] Ak Hxo] sFssto]
S7tEe] A7} Ahsaht el ROLSel oa) Alokrt ARE BAR Apmu

A2 & A Bale] ol Al E FaHE)

o] Me FEARYHE] WA BAfe] BN AN 7 PHE B
Hgse 2T Adel FTSdnE P4 £ AL Aol BHE.

&o] ZAEH 345FPL 1998, 6.255F 8. 29714 =
A]

6643 XY=
%9 A ZAo] AFHYeonz A3245 2 AN

Table 20 Working expenses of remaining oil recovery of‘No.1 Yuil”

(Unit : 1,000,000won)
o . ) Expense of
Classification Total NO.1 Yuil No.3 Osung .
cooperation
Grand total 12,970 5,499 5,467 2,004
Hire
(Ship & heavily 2,188 819 1,243 126
equipment)
Service charge
( execution expense 7,755 3,766 3,931 58
at working site)
purchase equipment 1,480 547 96 837
& materials
Charges 314 51 92 335
Insurance 164 - - 164
Fuel expense 158 51 49 58
Recovery oil disposal 596 936 4 986
expense
Total expenses 385 29 52 304
* source - KMPRRC, 1999
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