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Present Status and Future Problems of Oil Spill Recovery Technology
by
Takeshi KIHARA, Shoichi HARA, Koji NONAKA, Kenji YAMAKAWA,
Hideki MIYAZAKI, Takashi YAMAO, Shinji SAKAMOTO, Kenjiro HIKIDA, Motonobu IMASATO

Abstract

The Russian oil tanker Nakhodka (13,175 gross tonnage) was shipwrecked in stormy weather and sank in the Japan Sea on
January 2 1997. The Nakhodka incident resulted in the leaking and drifting of a large amount of oil spills around the coasts of the
Japan Sea. Presently, there is no effective equipment for the recovery of cil in a rough sea, so that this incident caused serious
damages to the surrounding environment. There is a need to improve the recovery equipment during oil spills leakage in a rough
sea. The existing oil spill recovery equipment in Japan did not work effectively at the Nakhodka incident.

In this paper, the principle and type of oil recovery equipment was investigated, the oil spill recovery equipment at home
and abroad, and the operating condition of oil recovery ship with regard to wave height and oil viscosity were studied, the
weather condition in the Japan Sea was studied, and the assumed condition to be available for oil recovery equipment and oil
recovery ship was clarified. The maneuverability, seakeeping ability, and oil storage capacity should be studied to develop the oil
recovery ship. With regards to oil recovery equipment, it is necessary to develop a new type of equipment that can be used to
recover high viscosity oil. Furthermore, the moonpool as a tool for reduction in waves has been the focus of investigation. The
combination of moonpool type of ship and oil recovery equipment has been considered to be valid as the oil recovery ship against
the high viscosity oil in a rough sea.
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Ship Name Year Spill Location Tanker
(tonnes) Age
Atlantic Empress 1979 287,000 off Tobago, West Indies S
ABT Summer 1991 260,000 700 naut. miles off Angola 15
Castillo de Bellver 1983 252,000 off Saldanha Bay, South Africa
Amoco Cadiz 1978 223,000 off Brittany, France 4
Haven 1991 144 000 Genoa, Italy 18
Odyssey 1988 132,000 700 naut. miles off Nova Scotia, 16
: Canada
Torry Canyon 1967 119,000 Scilly Isles, UK o
Urguiola 1976 100,000 La Corq__na Spain 3
Hawaiian Patriot 1977 95,000 300 naut. miles off Honolulu 12
Independenta 1979 95,000 Bosphorus, Turkey 1
Jakob Maersk 1975 88,000 Qporto, Portugal
Braer 1993 85,000 Shetland Islands, UK 18-
Khark 5 1989 80,000 120 naut. miles off Atlantic coast 15
of Morocco
Aecgean Sea 1992 74.000 La Coruna, Spain 19
Sea Empress 1996 72,000 Milford Haven, UK 3
Katina P. 1992 72,000 off Maputo, Mozambique 26
Assimi 1983 53,000 55 naut. miles off Muscai, Oman
Metula 1974 50,000 Magellan Straits, Chile
Wafra 1971 40,000 off Cape Agulhas, South Africa 15
|_LExxon Valdez 1989 37,000 Prince Williamn Sound, Alaska, UUSA .4
|_Nakhodka | 1997 | 6.2400c0) | sea of Japan, Japan ] 26|
. , Sources of Qil Pollution
Sources of Qi P ollution Natural Sources
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FIG.3.18 Flow of oil over the edge of the weir; (2) no flow: (b) limited flow of oil
only; (c) free flow of oil and water.

E2-10 EHX 24

eollected ofl
< ™
oll{um
ll '
control
plate —_— /(s!dﬁ plates
bottom plete. )
e lection zons &

E2-11  {E&HE X29

- STORAGE

CENTRIFUGE
ACTION

WATER OUT

FIG23.31 Centrifugal (vortex) skimmer; (1) water pump; (2) sinkage
due to vertex; (3) oil to separator; (4) water.

FE2-12 EO9 B (RER) 29 20

OIL/WATER

(321)



22

HENEIY v 7 ~EIEN 5B,
(B1) AKX (B2) Foasxk- (B3) avR7R
(SRVhk-75Y) - (B4) =7y 7K
INHiE, HORNEESCLILEYEOWEE T A
LCiE BT %, % - B &2 5550l
FSA, W r, 75, O—TEv 7EDLONH
5o (2139, 2-14%, 2-15%, 2-16"Y )
ZoHFRIE, BEMICEINS KT OKROE S
WL L VEEPH S,
(C2) mEEEx (12-17°")
BREOMWMBAS, A v o @B ORTICEE
ALK VEINT B, AFROHE, AvialddE
RiZoTBY, WML E 2D ICHEBKICTRS
H5b,

BEOBRNARKICOWTEBIICE LD D%,
F22127 T, BUNARIIEHORBOEFZE % EiFo
LOWHLY, BRLEBELZFEHRIIOWTHELA, £
7oy B EREEMBCIIERSR L L5, SE
LVWHEHLHEDT, 5 - TFL LTHHELR,

EIARI. BEEECHEBOERSELMGmML. B
DFREEDTTVAE I EHRE v, T2, HINHFRIE
BRIZEoTRRLFEELTWLI LD,

2.32 ERH OBBIYRE B L hE s

2.3.2.1 HERES

B omEIZEEE OBIRIE, # 2-328) . BRUE 2-
NIRRT EBY LR oTwVAE,

EWNOBREEINEBOMEIL, £2312X542m %
BMEZAEEBICHETELDDRI—EBEOATH S,
BENOBERIZEBOMEEIT. #2428 5 LBEEOM
WARICEBDDEEZLNED, AX)ART /W
7z —OEINEETE, EEA3SmTHINTEE SN
LUEEETHLIDLD B,

LeL, 2OHBEL. HE3S~4mE®IH LI %
BREGETIHILALENREL DI LPVbRT
BY., FOEMUBRIZKROLBY TH B0,

(1)  mASKEWHIR (droplets) 2% o TWAEE,
FNOIGBFBIROKED L F CAREOHEHEF IS
HLTLE-TBY, REFEET S F THE
FiZ3BEELTIRWT E,

(2) WA EHIASVERICE o TV AEE, #k
FIRLDZATLESI L,

(3) BELEOMAERICE ZEBBNTIEE IHE
L AAN Tz v AL AR mEEs 252k,

T, VY2 —ZBVTiE, EE3mEBLL L
I BBRTIMERBEOREDT-OBEIL Ve LTWwWA,

% 2.3, 24 CTRTEAN OB ERINEE OMEEEIX, 7
yurz, $REBHENYFAEZICLLLOLDT, ¥
FTLLEBH TEBOFHENEAIALLIIZ A,

(322)

IMPERMEABLE WIPER

DIsSC

COLLECTION TROUGH

FIG.3.29 Operating principle of belt ski 3 (1) belt; (2) pump; (3) ship; (4)
wringer rollers; (5) debris; («~) vessel movement.

E2-15 JALANFR (Nikbh « 753) 29

Drive Unit Rope Wringer

Clean Rope

E2-16 O—7Fwv 729

LT Loret L

“‘u““\\-“.‘\\-‘ 0
T e Tl
ity
vty
SRR

Fz2-17 BEHZE e



REARH TR ZE AT R &

#35% 6w (CPHI0E) BIEHATER 23

#:2-2 BEROABEIRT R

Jiscgs::| E14y 5 = #=
1 &3 WELEOWMEE R AL VRS 5, BV HEESE
FTF3mT, 7u— FECE3 OB TBEiIcERET
DEHITT D, BUNTEAKBPOKROBIENRKEV,
A BEZE 2 HEs EE LOMEFEIC XL VHELS T EER T3, —RICEI
T OBV, FEUHEARPOROBE BRI E U,
3 fEEMREC ABOBIEIC L V., EE LOHEMSERFIZD - TE VAL,
U= F 7 TEND,
A ITHE AAA E FUIBEINTAS & L THEbhiL D FiAsseuy,
4 FmAOSTEESR FROFHEE 7213, EBEOEEEICX VY4 7 a B0y
(I@EvE=0) BEEN oMK R EEE S, BOSEET 3,
1 A#=C EEARICAE L mMER 7 L—— It L VS LT,
ERERDIRN,
B =& - %xE 2 FZ a3z EEE FS LB LEZBEARAZ L——IT X VEEEL
T,
BIRENR D2,
3 LT TLEL T —LET LA T A R EBITLBE TS
SR e TTY) TEIALRTICE D OTEEEES,
4 m—7E K T FLADu—7%y XRiEE EEER, BEAFSE
HhEEIRT 3,
1 =7 EBA VI 2B a L _RTEEESY, Aviaki@
(A=) B TERVEEORIREZEINI S,
C HEAREY 2 EEREN AT aTCEAEYFEESY, A vi = 2EBRTE RN
HEE OB EENL TS,
3 v X F o PARRHKEHEEZ, Xy bEZBETE RVWESEEER
T 5,
4 57 WREER (F ey PR 207570k 0 ., B Eodte,

Vo BIRAREL ENAFEBTICBVTH, EEdPEL
B LD WEEEDFKBICEDL, F23055
CTHBTELRBETHLZ L DLV, BINTEERKE
BIZOWTHERTH S,

2.32.2 BT AL
HET A HROMEIANC DWW THEI OB % K
T 5, BARICBIT A RERERIE L2 MTRKIEE T
BiHENNAS F 58 2-53D 12, F BN BT B vl EILAG
2FE2-60 1277,

Frol <k, MEBIRERBE R, LEFEL:E
EICHENE LTERT A, Who 23BMSES
ThHb, chODOMOEILBEBERERL LTHEDR
TWh, ROPEFRAOHMBINA (AE95m) [TFEHEL]
DTOSBEICAD, BEME OFEBAMICITIER KR
DWHPE N EDRDb DL, MmEINERRITIEREIC
WL/ Vv z—, P4, BETE{BEHBENT
Wwh,

2T, MRHERSREE LB E0—BHN R
FTELTHE L TWAIHEAROBEHEZ RS, BEMR

(323)



24

E

+=2-3 P i E E E 29
i ®
: 2l Vi Mal_*ﬁu____léml lns
- IBNSHBHTR(%) HE §~E000cSt |
IEnsHBRTRD 542408 ~ 16 F5cSt

Juzzeys s ]

F
b,

2B = g RT L)

* HEOWEE L. HSOY LRSI SOBERYBEILLD

+£2-4 BAHOHBNES - FA1N Tz R29

e hf: IAfns lpss Iggl lus
1{STOPOL-1 SYSTEM 22 JELF ANTAR FRANOE F DEGEIL L [ V- 18m3/h .
DYNAMIC CYCLONET 50 200 7922 |ALSTHOM-ATLANTIQUE HEYRTEC Dhvslon) o ) 0~1000_md/h
3 291~F VIPHAROS MARINE # B 26~45 md/h
291-F APHAROS MARINE 2 3 FS 2560 m3rh
2%i5-7'5|PHAROS MARINE las 3 00 m3/h
2917 J|FOILEX AB 25[0~1000000 ¢St _|6S m3/h
2430k JLORI 25y AT AR SR
v2-9 |DE SMITHSKE A/S Iﬂa 2 25 md/h
723-7 IDE SMITHSKE A/S # 2 B 60 m3/h
___liv3-4 |DE SMITHSKE A/S 4 2.5 80 mi/h
S1IKOMARA 121 (30K) {30 A JVIKOMA INTERNATIOMAL LIMTED (& ey #:9) o~ = =
RS0 1220)% JVIKOMA ITERNATIONAL LISTED EXGT EA) o
£ YA ]MKOMA INTERNATIONAL LIMTED [EHEXGY E9) 100 37h
FEDPRS rwmm HITERHATIONAL LIATED [EIEAGE E9) 100 m3/h
15{ TRANSREG-200 1091~ [FRANK MOHN AS Lol Vel Ry @/@gE/~ et 200 Mk @R ROBIM LT, A, SAHCSERFR
6 Fest/ /g -
16/ TRANSREC-2 82— |FRANK MOHM AS Ve TS 3! 260 m3, D itz &Y =
13| TRANSREC-350 s849:-_|F ! VA Vaad i as|@EE m : 2&Y z
19 — [T 2% |MARCO 24 B B 8~ 210md/h <.
19iMW-62 7 2h |00NIAINﬁNT SYSTEM O~F-FuF (3 H) 09) B
20Mw-92 725 JCONTAINMENT SYSTEM O—F- 9 F (R ol d. B 1
FANITUR
PrrS e 5
[P 377 F )
e
3
Y B ]
7'¥3-5 |RO-CLEAN INTERNATIONAL . 5~ B LY

. BELDLERETETTHMENICHEI TS 5/
LML, RETHEEILIREDY V7 RNT R
U o TREEORINATRE 25, GBS
YA — R REM L FEEOREEBINATRE TH 555,
BB DOBMEEREIB R EV D S5, T2, BHOM
EBAHLTHA7Y) —ABEPLEL D700, #
WSR2 5. BIMIEEY 7 ~OBHESFERS
N S supply shipid, B O b 2By, BH. FLELE0®K
RLEDBEGUNPEL, BUHCFEIH L, F /A
B D&k L BMEICENT, BVWREEELEE L.
BB TORMERP RV, TV =7 RAT 2 —F
AZBWTUE, TR iR ER RO BT R & L
Tsea truckD’® 5, ZHIUITEEEREDIL < | A TOME
ENTEECTHRMEEPENL TV S, L2 LAY S, FE
BEVSPECTRKEREMISHBTELZVWRED D D,

(324)

* RPOUEE L. OV ELEESEASONERNUBEICLD

AR BT B ImENAREE % i 2 i EUIN IS, BT
DEZATHEBINTVERVONFERTH S, BN
ERIZ DWW T, HENERROEETH MEINEE
DHETHE/-D LR, EE0BBIILE, HELS
mCTERFIZBTLHEEDOBEITERTTLEDZ L
THH, EHIBEROHBERKIBICETT 0L
Zz2bN05,

B, EENFERBIE, 30 L) I EROREEE
EOMEEPOHMRMIZATIEL DR, BLAY
PO REEOFERME R > TV D, BEENEHEE
DT BRI ERFTEESOFHEE B T A
IAOBEHBIELNLTVED, TRLEFBIEYT
HEVE LTS,

NETOMWMBEINERRIE, FAVIZBWTHIZRE
DONTBEAIH L, FOMBEIEICENICRET SR



RS IE SE B B

B35 F6H

g2-6 EA®HEIRG s

CER104E) WRFEEREER

1996481 A R#E

e BhYH 2R MAES BRAX  BRARGHE)  BRED e
m ki kl
EBEL 68 WERm B B R 30 24
<5 50 PRERE HEX 2SR 30 30
MBS AL 60
B3 MEIA 483 g WA ESHRIU(MIPOS-45) 37 4
93 300
BOUEELE 193 nim PR 21 a1
BEIS 191 niE BSM-II 65 100
L&A 160 aiE ZEEFRR 21 41
BLna 52 RERE AER B R 64 25
& 326 REAE B3N AR 23 50
#=Es 453 A T 50 60.
20
R 3,526 R EAR SR 1,000 1,450
WAl B 1,000
e 196 BE HER LR 20 40
»nnES 340 i 8 0
B555 249 e 8 0
LERD REAE AR EEMESER 2 50
TN 209 REAE BAS ARSHER 90 60
FU=E 199 Al #SAx @EshExt 30 13
Do s 220 WmHE HER ESLT<UR 53 59
A 428 R M3 120 210
brLE 199 WERE MEL BEAL AR 62 4
MIPOS-AIll 14 s gAXX EsiE 20 2
vy 19 REaE AR ASHER 33 5
nLTB 199 BB BAR ARSHER 30 10
EDLB 17.5 RERE EAX EHER 55 60
wenam 81 RERE AR TLEER as a5
<3LB 159 WEAE BAR MRSES a0 23
Lo>mA1S 17 REAE B3I TO— ko avE s0 12
uLI-2 19 WERE WA Ay hIPRT-R s0 13
s e 11 RERE WA TO— ksl s 68 34
B2IN—F—v 3,407 "ie 6,400
vaA RERE AR RSHE(MPOS-13) 32 5
#1mmR 497 BE WA vo-hvoalw 850
®2mmn 1,100 g WIRX TO- ks 2,000
AR 127 RERE EARX ESRz(MIPOS-13) 58 30
v Lx 277 wE mals 60 60
e 19 RERE HER TLSYTA—AKSAR 3 3
wOLS 20.4 REME WAR FeER a5 e
= 97 BE mIX T/LvoOR 40 45
PR 220 WERE GER ESL74R 53 59
KA 96 REAE WIIK TO— ks avR 30 40
polaE 22 REOE BAR TO-hvssaR 10 7
BHUCBLE 193 s =SSR 25 131
#2428 31 nm F5Er 4 AR a7 6
BAR WZuEmR a7
i 75 g BSM-Ii 55 55
st 197 RERE HER KIAT4 VR 57 30
nE# 58 REAE AR MRS 52 9
BFh 320 BE AR MSHES(MPOS-40) 89 125
IRE—-oU— 32 ReEwE W3 Zo-—-bvoaiH 30 6
B0 193 3m B b5 g4 131

25

(325)



(9t¢)

No B & 8 & LBD @28 i oE R EE 5RRyYs | EIREED Hb-7°-h , M-tV 7-h, Z0M
01 Norway Troms Skarven 79.70 X 18.00 X 5.96 add Transrec 1,034/ add Ro boom, 12m3 Dispersant
02 | Norway Normand Mjolne 83.45 X 18.00 X556 add Transrec 974/ add Ro boom

03 | Norway Far Fosna 74.50 X 18.00 X5.50 add Transrec 1,200/ add Ro boom

04 | Norway Active Duke 80.74X18.00X4.95 add Transrec 1,021/ add Ro boom

05 Norway Maersk Chieftain 76.40X17.60X( ) (2887GT) | add Transrec 933/ add Ro boom, 12m3 Dispersant
06 Norway Far Scout 75.50 X 16.60 X5.60 add Transrec 1,045/ add Ro boom

07 | Norway Normand Jarl 75.60 X 16.60 X5.60 add Transrec 1,081/ add Ro boom

08 Norway Far Turbot 77.70 X 1450 X5.94 add Transrec 1,050/ add Ro boom

09 | Norway Viking Fighter: 69.30 X 15.50 X5.70 add Transrec 1,073/ add Ro boom

10 | Norway Far Spirit 69.08 X 17.50 X5.02 add Transrec 1,041/ add Ro boom

11 Norway Aalesund 63.00 X 11.50 X 7.00 (1,357GT) Transrec 250 765/ 250m3/h NOFT 800 Fiocs Wee(230m)

12 | Norway VIMA 59.87 X 12.00 X 6.50 (1,479GT)

13 | Norway Tromso 70.00 X 12.60 X 4.96 (1,350GT) | Transrec 250, VAB 4-9 826/ 250,30m3Mh | NIOFI 800 Fiocs Boom(260m)
14 | Norway Lance 60.80 X 12.63 X550 (1,162GT) | VAB 4.9 200/ 30m3h | EXPANDI 4300(304m)

15 | Norway Staalbas 58.76 X 9.41X6.50 (_855GT) | Foilex TDS200, VAB 8-14 200/ 65,80m3/h | NOFIB800S(300m)

16 | Norway Nordsjobas 52.04 X10.01 X6.55 (1,116GT) | Transrec 250 800/ 250m3/h | NOFT 800 Fiocs Wee(230m)

17 | Nerway Stril Safety 58.76X 8.00X635( 834GT)

18 | Norway Lafjord 55.40 X 9.80%6.18 (1,219GT) | Foilex TDS200, VAB 8-14 800/ 65,80m3/h NOFT 800S(300m)

19 | Norway Strilvard 63.51 X 9.00x5.48 ( 843GT)

20 | Norway Strilhav 56.60X 9.00X4.03( 750GT)

21 | Norway 0OVo1 Foxtail Skimmer VAB 4-9 90/ 30m3h | EXPANDI 4300(304m), 1 Grabb
22 | Norway ovo2 Foxtail Skimmer VAB 4-9 90/ 30m3Mm EXPANDI 4300(304m), 1 Grabb
23 | Norway ovVo3 Foxtail Skitamer VAB 4-9 90/ 30m3/Mh EXPANDI 4300(304m), 1 Grabb
24 | Norway oVvVo4 Foxtail Skimmer VAB 4-9 90/ 30m3/h | EXPANDI 4300(304m), 1 Grabb
25 | Norway Vernoy Foxtail Skimmer VAB 50/ 30m3h Sea Serp. 2000(200m), 1 Grabb
26 | Norway Villa Foxtail Skimmer VAB 4-9 25/ 30m3/h EXPANDI 4300(304m), 1 Grabb
01 | Netherlands | Geopotes 14 124.00 X 20.00 X 7.60 6,600/

02 Netherlands | Rijndeka 113.00 X 18.00 X 9.00 3,548/ 2 Sweeping Arms(13.5m)

03 | Netherlands | Cosmos 113.00 X 20.00 X 7.30 (6,164GT) 6,300/ 2 Sweeping Arms(20m)

04 | Netherlands | Cornelia 11250 X 19.60 X 7.46 6,400/ 2 Sweeping Arms(20m?, 15m?)
05 | Netherlands | Hein 78.70 X 13.50 X 5.00 2,867/350m3Mh X2 | 2 Sweeping Arms(13m)

06 Netherlands | Lesse 70.90 X 13.30 X 4.70 1,537/ 1 Sweeping Arm

07 | Netherlands | Mitra 56.00 X 11.50 X350 142/ NOFI(500m), 1 Sweeping Arm(13m)
08 | Netherlands | Small agt 54.50 X 9.50x3.30 1 Framo Skimmer 408/ 2 Fixed Sweeping Arms(13m)
09 Netherlands | Volans 48.00 X 10.00 X 3.00 Sweeping Arm 300/ QOceanography

01 Sweden KBV0O0S 4550 X 10.50 X3.30

02 Sweden KBV010 46.10 X 8.59X3.90

03 Sweden KBV050 37.97X 850X3.60

04 Sweden KBV004 35.60 X 8.00X3.00

05 Sweden KBV201 4920 X 820x2.10 Sweeping Width 24m

06 | Sweden KBV003 40.00X 660X( )

07 Sweden KBV045 36.02X 728X3.056

01 Portugal Mar limpo 1550X 550X0.80 28/ 50m3/h

02 | Portugal Tarambola 10.00 X 3.80X095 Seamop 3040 5/ 10m3/h Troilboom GP750(150m)

(zc BUEREIR CONGYE  9-23

9T



(LTE)

No B & A £ LBD (k>0 moE R E R | EIUREEDH HMb-2"-h , MLV P-h , =D
01 Germany Nordsee/DBEM 131.75 X23.00 X6.70 5,400/ 700m3M X2 | 2 Sweeping Arms(22m), 61m Sweep width
02 | Germany Mellum/DBPG 71.50 X% 15.11 X5.76 (1,703GT) 2 ACW400 Framo, 910/ 600m High-sea boom, add 1 High-sea Oilboom,
: add 1 Walosep W3 Skimmer 400, 90, 640m3/h 2 Sweeping Arms(15m), 41m Sweep Width
03 Germany Westensee/DFSE 46.08 X27.00x4.44 Mobil Oil Dike Sobinger System 1,960/ 15m Sweep width
04 | Germany Marcus/DHUM 79.50 X 11.50 X3.92 1 GT 185, 1 Walosep W1 1,600/ 720m3/h Skimming Width 6m
05 | Germany Scharhorn/DGOQ 56.12x14.23 X4.20 add 1 Walosep W3 Skimmer 430/ 320m3mh X2 | add 1 High-sea Oilboorm(G00m),
2 Sweeping Arms(13m), 36m Sweep Width
06 | Germany Motch || 57.87x1090X3.84 320/ 100m3Mh X2 | 2 Sweeping Arms(15m), 19.5m Sweep Width
07 | Germany Eversand/DROJ 48.70 X 12.00 X 3.50 Integrated weir and separation system | 790/ 160m3/h X2 | 45m Sweep Width, JW-Separator(240m3/h)
08 | Germany Bottsand/Dror 46.30 X 12.00 X3.10 Integrated weir and separation system | 790/ Sweep Width 42m
09 | Germany Kiel/DLQO 4800 9.20x3.00 2 Gustav Terling GT260, 350/ 100m3h X2 | SBweep Width 25m, Separator(320)
2 Framo ACW400?
10 | Germany Knechsand 38.50X13.20 X2.40 Skimmer, Hand Skimmer 400/  800m3/m add 200m oilbooms, Skimming Eidth 10m
11 Germany BAWAIL 43.34% 811%3.10 1 Vikoma Skimmer 320/ 50m3/h 180m Oilbeom, 100m Absorbenbooms
12 | Germany MPOSS/DBCZ 34.20X1200X1.86 ( 221GT) | Integral skiumer 300/  600m3h 50m Oilboom, Skimming width 8m, KSR System(@RFA)
13 | Germany Thor/DLIC 3465X% 820x250 Integral weir skimmer 225/  100m3/h Sweep Width 3lm
14 | Germany Transporter 11/DDBE 37.70xX 7.70X190 360/
15 | Germany Norderhever/DB6234 40.23 X 9.00 X150 2 GT185, Walosep W1 150/ 45m3Mk X2
16 | Germany Kopersand 33.00X 7.00X156 2 Gustav Terling GT185, 84/ 45m3mh X2
1 Walosep W1 Skimimer
17 Germany Oland 26.00X 7.20X1.80
18 | Germany OSK1 25.00X 8.10X1.64 Convey or Belt, Mop Skimmer, 18/ 40m3/Mh 150m Oilboom, Sweep Width 8m
Handsldmmer
19 | Germany Janssand/DBJQ 30.00X 700X151 2 Gustav Terling GT185, 63/  45m3mh X2
1 Walosep W1 Skimamer
20 | Germany Foline/DICQ 26.50X 530X1.76 1 Walosep W1 74/ 30m3/h 100m coastal boom
21 | Germany Marline/DKRT 2500X 450X 1.95 656/ 100m coastal boom
22 Germany Asche 2290X 640X1.15
23 | Germany 0801 17.80 X 4.60x1.82 Weir with selfpriming Function 19/ 20m3/h Flotsarn sweeping basket
01 | UK Ciwyd Supporter 85.00 X 16.00 X 4.90 (2,762GT) 1 Oleophilic dise skimmer 500/ Comprises of 500m floating sweep booins
02 | UK Forth Explorer 75.94 X 13.00 X 4.00 (1,321GT) Vikoma Sea Skimmers 50, 100 1,578/ 450m Vikoma seapack, 250m Coastal Pack, 34.2t Dispersant
03 | UK Sefton Supporter 85.00 X 12.25 X3.30 (1,219GT) 1,200/ 500m offshore inflatable floaying booms,
2 vigid(floating)sweep arms
04 | UK Grampian Supporter 65.00X () X490 Oleophilic disc skimmer 500/ Comprises of 500m floating sweep booms
05 | UK Sespring 59.56X11.43 X366 ( T74GT) | 1 Vikoma SS100 Skimmer 591/ 500m Ocean boom,
250m coastal boom(Troilboom), Spring Sweep
06 | UK Clean Seas 39.00 X 8.00X3.50 200/ Sprig Sweep(Troilbocom)
07 UK Scapa Lass 18.50 X 6.00X0.80 48/
08 | UK Good Wyich 15.50 X 5.50 X0.80 28/ 50m3/h
01 | Denmark Gunnar Seidenfaden 55.60 X 12.30 X3.85 (  868GT) | ACW400 Framo(Desmi, Komara?) 315/ SweepingBoom, 250m coastal oilboormn, 45m3Dispersant
02 | Dx 1 Marie Miljoo 29.75 X 8.00X1.60 1 Endless band sldmmer 64/ Boom stowed on board, 11m3 Dispersant
03 | Dx k Aurica 19.40X 540X1.70( 48GT) | Endless band Coastal oil boom, 7.2t Dispersant
01 | Finland Halli 61.00X ( ) X( ) Burash-conveyor-slkammer / 108m3/Mh
02 | Finland Hylie 50.00 X 12.60 X3.00 Separator 860/ Direct Flow into Hull
01 | Belgium Salvage Chief 50.65 X 12.78 X 2.50 Lori-oil recovery system 150/
02 Belgium DN31 32.63X1186X () 518/ 2 Sweeping Arms(13m)
01 Greece ? 10.00 X 3.80 X0.85 Seamop 3040 5/ 10m3/h 150m Troilboom GP750
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MPOSS II

capacity: 330t - 500t
Operation drafi:  1.8m - 2.7m
Operation speed: 2kn - 3kn
Ttransit spesd:  9kn
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__sump |flap-system ! foater-flap-system |

duct compensating wing

Oil Skimmer behavior in waves (MPOSS)
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LT, RO2ODOEMEZE* L VBT L, TTE—D
BEFRLLT, HMEPMOEETEEZRET L2010
B ER T TOHRBERIIOVWTHET 5, E-0E
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HEL, BRMZERE RV, MRTIZBWTIEE
EN—EHICEL 252 h 5, IIRMIEEHEEED
BELLERNTHL v 5, TH3-52HE0BE
RGO ERYT, HEIODfEE L TWEEEILD
WTIE, EBMICBIRRO SRR L D b IREFK
&L MERICOVWTHOREMPEF TH 5, F72H3-6
BT 5 EFTEMNOREEZRYT, SR, %
BT/ EREM L BIARCTREFRIZERE 28
Wit (L, AKEEEROBEM S ESICB VT
FIIRBI LI 5D,

BN IR I B TRE TR T 5 il % B
T 57200, EERORITZEEMREZAET LI LN
BEETHLD, BRI OVWTLEESNIERKE
BrHLIREMET A LIV ERGLEL2L, LD
TRRTIZBWT, SHEM LT —&EricEde
TRACHGELTB Y, BT BRI TERARER
DEEL D, Thbbh, BEBORBEEICONT
. D ELTR, BERNVBEELERE L D,
DPS(Dynamic Positioning System)7z & D#Anil i 2 15
ETBWFICLY., B HELHETELLERD
?“—%’ o

3132 NR-YHARERMOETETHEORTEEO—H

ZZTE, 35~4mOBEBTIZBWT, EELwmE
IERAKEZAIHT 27 00MRE., ZEEET HHE
IARIZ DV THRETT %, MBI ZEZ A5 46, HE
UNHEEREE 2 V. A O - 5. BULL im0
B EOTa LBl LETH S, iz, BFHBTOD
B L28ERME L H 5 ERMEE LW T 5 BHERL
VETHL, ZOLH) HEBEIS, N— VENHEIR

$£3-4 HRM - WEM - PREEEM (SWATH) O X

1%
A CONVENTIONAL] CONVENTIONAL
- Smat | caTamanan. | monoRuLL
1aGORT6) ( (DESTROVER)
equiv. | eauiv,
LENGTH| DISPL.
LENGTH IN FEET® 220 220 220 | 380
DISPLACEMENT 3200 3200 700 | 3200
IN TONS
BEAM (EACH HULL) 3 24 23 40
AN FEET ‘
HULL SPACING 100 84 - -
IN FEET®® :
DRAFT IN FEET 32 18.6 8 13
SPEED IN KNOTS**%] 20 14 20 20
FROUDE NUMBER | 0.40 0.28 040 | 090
*LENGTH IS DEFINED AS THE OVERALL LENGTH OF THE
 SUBMERGED HULL.

*SHULL SPACING 1S DEFINED AS THE DISTANCE BETWEEN THE
CENTERLINES OF EACH INDIVIDUAL HULL.,
2 NORMAL OPERATING SPEED IN A SEAWAY.
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FOR ALL THREE HULLS, LENGTH = 220 FT )
1 1 I ) ' i T ¥ ) I

0 KNOTS

| 20 KNOTS o oo o o cmm

ROLL/WAVE AMPLITUDE, (DEGREES/FT)

s

=

& -~ SIGNIFICANT

[ / \ lw:we HEIGHT

& 20 | / e WlFT | SEASTATES -
2 ‘

5 K / L 1267

& 10 1 4//¢.~ — 1067 SEA STATES |
3 MoLa 4 Am'rlll“w‘..‘..,u,

0o 02 04 06 08 10 1.2 14 16 18 20 22

SHIP LENGTH/WAVE LENGTH, (L)

ALL ROLL DATA OBTAINED EXPERIMENTALLY
(LWP — REF. 6, CON. CAT. — REF. 2, MONOHULL — REF. 8)

| L | i I ] I
MONOHULL (220 FT) = o oo om o

3 - SWATH (220 FT) comcm—m— -
- //‘\ -
’ \ 20 knOTS

BOW DISPLACEMENT DUE TO PITCH
WAVE AMPLITUDE

BETWEEN SEA STATES § AND

SEA ENERGY
SPECTRUM

0 0.2 0.4 086 68 10 1.2 14 16
SHIP LENGTH/WAVE HEIGHT, (L/A}

CURVES OBTAINED BY COMPUTER PROGRAM
AND CHECKED AGAINST EXPERIMENTAL DATA

3-5 WEODHEGS®

DFHEEHIOWTERZ B EITT 5,
MBI CEM L 2 BRI EBROIC BT, &
L7213 — VRIOERFR % F3-7IR . TRhiE, Ak
BHAEBRTA-DORERIZH Y T v 7DDV
BB RN VREITH L, SEOMEREENICH
beb b, BETHEREHL LT, LHOBERER
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SEA STATE B,
™

SIGNIFICANT WAVE HEIGHT 10 FT
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{7GOR 1) - 220 FT

-
&

0 €%
qONOHULES =

-
[x]

-
o

SO

e ONOMULL — 380 FT |
usou:nv ALENT DISPLACEMENT)

FS
i

(DUE TO COMBINED PITCH AND HEAVE)
)

0
1

SWATH ~ 220 7
1 [l 1 ]
5 10 1% 20 2%
SHIP SPEED 1N KNOTS

DATA OBTAINED BY COMPUTER PROGRAM WITH REGULAR WAVE
COMPONENTS CHECKED AGAINBT EXPERIMENTAL
DATA FOR SIMILAR HULL FORMS

® . TAKEN AT BOW FOR MONOHULL AND AGOR 18
TAKEN AT STERN FOR LOW WATERPLANE CATAMARAN

SIGNIFICANT VERTICAL DISPLACEMENT IN FEET®
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T
o
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EL%:
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~302—,

MIDE SHIP SECTION

)

¢ BILGE KEEL /

E3-7 fEstE a0

E—FMIIERTLONELETH D, T
WZEIIDOAFOEREBEORESEENIZ6~8H. HE
1356 ~100m, R DIFEEI7FHNA L THRET6mTH 5,
—J. RIOER P & RS OBE OIS R X3-8
WKRd . COMEY, WREGHTA/L=15 (1ER.L:
WE) LTone. TOBIRIEITHtEP. #Mikp L
LIZEFTH D, .

L7zho T, N=VERMOETETEZ RET L1,
MERHIONEL LT, BBEEELERT S L70~90mD
HEISELYTH L, EMTEEIEEO MRER L AL
WERET AL, B28mTEESIITmE RS L, BH
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BEAM SEAS I
“or © WITHOUT BILGE KEEL
ROLL .. WITH BILGE KEEL (SMALL)
—~0  WITH BILGE KEEL (LARGE)
30
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o
20
=N
1.0F
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1.5¢
o
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1.0k z 8 9, %
’:\ &
\ 0
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0.5}~ 0 Wy
Il
% 1 2 3 4 5 3
1.5F sSway
o} o .
‘:t" 9 ° 2 Gl N
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Y a
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O 1 k) A, )
0 i 2 3 A 3 [
AL
T

HEAD SEAS
1S %  PITCH o
[ &
We
g 1O
e
;t o WITHOUT BILGE KEEL
o & WITH BILGE KEEL (SMALL)
D5l O WITH BILGE KEEL{ LARGE)
0 A .
0 1 2 3 [4 1 [
15 HEAVE
& 0.
C]
8 o
B 3
1.0F
L
L
~
L]
Rosk
%

3-8 EHED BEE@H?

POFvFETOEBEIKETEL, 72, EHITH
FEERNELT B EMEOMITEEN NS LEDT
BEZET S,

3.13.8 AL T -NEIMME

B IR T IS BT b #H8 2 AP vl R U ESE K TE % 8l
WY 200N RMEE L Ta— 7= VEFEH)S
EZbND, h—T—ViE, BEBEEZICBITS
RS CEINCBLABENRTEBY, Z08%EL
LTia = 7= VOROBOKEDIEEDHEED
ETHol, AT, BAXNEGWMAEEI AT 4
(FPSO : Floating Production Storage and Offloading
System) 2317 2 RE % (Turret Mooring) D721
BECEHOREET2I0PE L AbNbE, &=
—WiE, ROV(Remote Operating Vehicle)7% & D #EH1EE
BOBBOBITT A LITHVEERT b #2842 dKE
LETHHIEDPLZOHERENH 5, HiBADORK
BeRTEL BOETHAMMERIZODVWTE—ED
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BEBE7Z ANV —DEIBBEETLIINDTH S,
Joo A=V 7=V EREPRICEE ST, BHELP
BIENOEEL S L {TEL, LPLEFL, 24—
F—VOFENTIZ & > TiE, & — ¥ 7= VO
KBS HIEEFIEERITTRBEIFLTNVE L
DENTIER SRV, I I TEET AL — Y T— VA
i, kDL =V T NDHELENEINTVLOIC
L, AL b— 2 T = D% do TWw 5 HIZHEH
Bdbo bh— T — )VOKBEDOHN KD KBERE %
T 57202, FFFOMKEICH T LHEHHO XA
AL EBREATLILPBEETH ), LTSRN
FEAE BT 5,

) &= 7= VEROSKEDOILE

(2) [FI3R B3

L=V T = Va2 BT HILIZL o THEDIRENL
DEHXETE2IRIKRELMETIEIR . BAOSK
EOMMKMLEBOWTERET 5, 7. BOEK
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HzBE S50 00MEIID A=A sizsh
L, METDLYVOENEEFSHZLDEZIZL - T
L= 7= VOROFKEEEELZT S, FRABK
i, MOBKIEFEL, BEZEOBAERLI IS

Heave Rel. motion

@ =] Simulation
* x Simulatien: b, @ 32 resp. 39 kg/m
[} a Simulation: ificreased heave for w = 4.5 and
S.1 rad/s .
Hodel test: (b, = 32 kg/m case)
e e s Model test: (b = 39 kg/m case)
180
o
@
k]
L
=
w

H za/l;a {free-floating body)

ha";a

w (rad/s)

9 MBPICHBTIMEROL—-T—IOD
YIal-—YarEHELENEREO R

WZEPHILNTWS, E3-9ZRT LHI2, ETFENHE
OFFABWERE BT 5 L BOSAEOHEN BB DR
FAREEIEIE 2 b,

b)Y TDANZA L

L=V 7= OROSKEOHSKIZET 2 ME
FZonTiE, BONERE,LLET LML > THEAE
THMMEEDRESAE W, S, HROERE
O2FICHFTLETHY, BELREOMOERIZL S
FEIHSERELEBELTHSV, LPLENFL,
NEBEHETRROLILIETER Y,

Q) fHEOFE

BB IC L TEB L &4 — v =V OKE O
AREIIFRICERL, FOMEETIEETH S, K39
AT & WERBEREES T, REBRRDE ETE
BIREAMMETH L, hid, 22— 7= L OMHEIKE
DFEFI L BEBF ISR T 206 TH D, HIZH
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BEOMNMEN180" Lhbdk, BELr—r7—NI2E
TEEBRBT VL b, FFABEEEBL -BEK
BHEBTIOLIZHEAEI R, 64—V F—LVAKE
DR LEB P BEICRE { & 5D,

O RANE AR

ROOKED ETFEi = KB T 272012, BFONO
MBI 75> (FYEVyTL—1b) 2315 H5E
Wb, BEHMDOEDMBIZHE T IVUTERIAE
EEEWESI DI LD TELDPERE L EBNTE
DD B ENIZE DL, BOROTEHRMEICEEL -
%5, sharp edge b DWMPIFEEICKREL TV EL TS
L= rOEILRL, BOFOE»SET ESICER
BLZBE, 2ROBERSOESIRKEVEVL B,
H3-10l2FRT LS50, ¥y 7 L— b FEET
LEBEE— BB TORENAELETTLZE
Bhhrbd, TRE3-1NITRTLEBY ., ZOXMBILEHE
ERBBFEHE LY DBROBEWEE. 55710 2 REBIEEBRS
DEBRICKELFSE LTS, H3-121IC L -V T
—VADHMEBORRIE TR T, COEMS, A&
B L TA— Y = VADHEIFAEINE (o T
WhL I ENDbP5,

BHI, A=V T—NEHETAHREIIBWT, L)
VAT ARIIHEINEYE LB RS ELTRELTHUT
DEIBLDHPEZOND,

(4) & — > T~ VEIT OB IR EIR LB
(a) & — ¥ T — WS AHHT 5 PR ORI 49
WEGIEEE 2 AKELICRET S & KSHEIRIE
LA, KETIHEREBDOINELTH D, f
A BKFEAREH i E K O T # A Radiation Wave
GeneratoriZ & A HRHIHERENTH 5,

(b) &— ¥ 7=V ER DA TE D B R LB 49)4614748)
L= T = N DA B HIR T RV F — R E
RBBTL, LALESS, i E—RIIEENS)
BT 50T, KBAGOHEZZREICAN I REHE
PLELRY, BHLMBEL LD, BRI AVF -
WS BELNT -2 EET L L, BENEA»DER
BIEECHLVWEEZILNRD,
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o0.1sl Draft 0.15 m
) Heave ampl. 0.0225 m
- no damping
K plate

s plate under
% .

3

ﬁ 0.10p

Y .

c A

g rd

]
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o i

= .

q.>; 0.05pF

o
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ol >

&

0 4 o 4 2 4 4 2, V] o

.01 23 45 6 7 8 910
Frequency (rad/s)

E3-10 L—>7—NADORMEERICHT IS
7L — b OBHEL?

1.5¢

/T,)

(1)

a

- 1st
1.0k Earmonlc

/Ta |

0.5

2l

1 2 3 4 5
(rad/s)

0 (] 4 ) I ]

~ Relative motion response (h

01 2 3456 78 910
Frequency (rad/s)

plate under;

_____ no damping plate;

...... plate above.

E3-11 HiBhOBREZREICHTs A Erd T —
b O%) B2
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+2 f Wave

Relative motion

LN

time

[3-12 W& b — 27— AOEN BB & O ZH42

3.2 BiSE BT OB

MEEBOBERIZOWTIE, E2BIZBWVWTEFD
BHHEIZOWTIE L7,

F o, BB T, ChETIdmy v ”
DPEE. WAKTHERS . MEMOBEE. MmO ER -
PEE. PR OIEERL L, RHMOBINE, BEOH
BRFLEDOLDOMELZT-TER, I TIEEE
BRSO 72910, TR H ML ELRS 1k & AR
HMENIZRE 3 5 BRI BE ORFZE 2R DB 5,

UL B L D 7 D OBFZETIE, TR TTHMEIEE
WKEOFANT 2 ZAOEMBEIZOVWTHAN, Bh
T AR IZE T L — PR ERTHEE £
TRETELZEZHEOMPITLT, EHI2, A4 7
= YV ADRMHIED 72O BT ROWERNMT 22 &
&0, WFEICLTS0% Eodim EAENS 2 b
ERERRL7:0 D, F7:, KFXVEEBEBHL, Sia
PAREIGEL CHMEXEZEBRALZEL LV EHE
FIALT, MEHEOHLADICHATE LY %
EBRIZ L o THER L7z, BEMEFALLERICLY
HHlzHIETESBRRARELZHASHICL, ZOFRD
BATREFEEIZOWTRE L 257299 5 HidE I
BE#MTlE, B 2EHRLET L0200 THREZITFV,
WORF AN MR EEAR L EDOHMEFE S 54
BORBILPLVWILE2ERIZIVELPIZ L, F
7o, ENEABRAL 2500 b OEECHEO B
R & AT R D 72150,

SO, BIFEBIIBT 2MHHGED -0 O3
DBEITORTVBE LI ATH BT,

LFHTOINTE TOMEIE, BWHIESAETOR
WTHY, LTLIBHEBETICBWTRIL - UL L7
EHEMEZRNT 27201082 hbR b DTELEH
o7l FlbRFEML AL END S, 2T,
DEDOEREERB L2ELT, 3AETHRIL-SERT
TS BB EE L AR O M E U I 8 A i E I B
Z2WT, BRI A ST R CEINAIES BV &
EZxONLENFRERBETRIT LI LT 5,
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3.2 MOERE®R BEOZIZIE, BRREERENERCHRL, &
WOMRIZ L > TRB R BIPHFENER LI Ehb, ICEXREDOHENKE W),

WMENEBORAEMEIISH 2o Tid, MOME LG CBRBRESRCEE, 2HEEELAZA50 58I

RETBETILENDHD, INFEFTXAMEHLE 1T (P2 R 5B L) IR 50,

L72lOmMHBBEOMREICET AMEREN L %
ENTWVE, Fl2IE, bKk®, vy &t — % VB 4) B
59K U A B B OSSR b &) oM IRE(L CERBHR TR, BREIS% T TRZO 2 KGR

IZOWTHIERLTWwd, ZOHEERICOVWT, BT PHTE, ZhaeiBzrb L EHHIHEMNT 559,

WCEES S CERLTHET S, CBRBEOFE, BREREOSEIZLIEELFELA
5 N9,

(1) ZERFE

cEREIPERBICHAT L0 BIC X ) BREE RO LS ZMOERE LS, BBEFTRI(CE
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