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Research and Development of an Improvised
Heavy Oil Recovery System for Work Vessels

Muneo YOSHIE*
Isamu FUJITA**
Kenji TAKEZAKI***

Synopsis

Development of economic activity in Far East increases the number of vessels going around Japan. So
oil spill in wrecking at sea is highly probable. Early oil recovery reduces the damages. It is important to
respond immediately to the oil spill for saving economical and social activity in coastal zone and cities in
Japan.

This article reports about development of an oil spill response system package that can be transported
on 2 trucks (if it is in categorized 4 ton class) in an emergency. The system is capable to be transported by
a crane barges with the purpose of oil recovery operation in an emergency. There are about 900 crane
barges which can be used for oil spill recovery in Japan. As a main system of the package, we developed
“Bucket Oil Skimmer with Raking Device” and “Boom Extension Buoy System”. They were tested in our
large tank (STORMYS) using real oil with waves and their performances have been estimated. In 2006, the
prototype models of the both systems were made in small scale and they were tested at Sakai Port in order
to study their operational factor.

As a result of tank tests under the condition of 2cm oil slick thickness, the oil recovery rate in the real
size model of “Bucket Oil Skimmer with Raking Device” is estimated at 5.9 t/h, oil recovery efficiency
estimated at 70%. These figures are superior to the recovery rate derived from the test data for a grab
bucket model. In case of operation by the grab bucket, the oil recovery rate is 5.7 t/h and the oil recovery
efficiency 34%. In the prototype operation test, the system were appreciated that the operation and
assembling at the site were enough easy to carry out the oil recovery operation.

The following result is derived from the test in “Boom Extension Buoy System”; the stability of the
extension shape of the boom can be preserved when current speed becomes more than 0.5 knt (25cm/s) in
the tests employing. However, at the prototype field test in the sea, we found that the boom was affected
by ship waves due to other vessels and consideration about wave direction in necessary for the system
stability. And it was revealed that the structure of the buoy should be improved for assembling at the site

on the deck of the crane barge.
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3.2 KHERER (20044 1E)

() x5 &+ 5B L0 DL

TRHB2ARM LI LB L T~y g LB L7=CHEIH
OEL LT, EKEHNONICTHELI-ov LY a vk
M, BRI RS OEINEEOEE L LT, CHMO2EE
WICOWTER L. KEIXEKEN0%, KiE10°CTH
100,000~110,000mPa « sT2ETH 5. F/- CEMOKEIT
FKIEFI10°C THIT700mPa - sTH - 7-.

BOEME, KERHE D RE L AWVIREREZEEL,
EEMOEERRTHIEHImME PRI OEE TOER
25m, F@EERESNDSEFSm, HRKI3mE L.



MNEFENT Yy P AF T — RN RE S TEEDI5D172
DT, K TIIAEERA D45y D 1 DI E25cm, ¥ FZHI6m
ERRKEL, BEROWEHVILES12.5cm, HE3SmE
L. F70, BitlEAANT — A THRET S0, KiF
T Tem/sDIGE TR E 5- 2 72
FERIIHERMA100Y » PV EKEICHEA L 2 g A
ANT—ALTHRFLTRE, BREREALEOLIGE
TOFFET —Z DB E{T- 7.
R—NCEROSE MG ETT.

£-1 EBOLM

CHEiH CKEEET700mPa + s )
CEM=~ /LY a3 » (FKFE60%, ki
J£100, 000~110, 000mPa * s )

P

W25 ¢ m I EA6m(TEFEE )
WE12.5 ¢ m, RIS, 5m (G )

(2) 777Ny F OB X B KRR
E¥mEPERAT G ICER SN, EEEHIT N5
7' Z T3 M X 2 MIEIURE 7] % RIS SEBRIC X 0 RE
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MEREL, KERZIT-o7 (BE—4). 72k, R
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BE-6(d) AFEET, Brls > 7 ISk 2RI
BE—6 »EwHETy PR F~— R 55

(3) EILIMOFHHIT5 %

EEBIL, BFhY o7 OREMZIER - S REEIC 7
2 F CMIENRIEEZIT2, T E CTORRH 233 L.
F77, WAKORBEEOWNERIL, BFHY > 7 OKER S %
SEICEMAIL, EUXL7-HARDORELFE L. WRICES
SEERIT DI D o e RERIAT 2 v 7 A FE L, EOR
KEHAK LT, Fololinmom S &3 LTz olE
INEZFE L.

3.3 EER#ERE (20045 E)

EEROFERIIR-2, 3T ARG TIEH BN (Ol
Recovery Efficiency) % (1) =X, Ji[EIILZE(Oil Recovery Rate)
Q)N TEETD.

ORE=ROP/RF X100 (%) + « + = « + « « + & (1)
ORR=ROP/time * * o o o o o o o = Q)
ZIT,

ORE : Oil Recovery Efficiency, H[EIUZHZE (%)

ROP : Recovered Oily Phase, [FIIY L7={f14y (=~ a
WZEENDKGEET)

RF : Recovery Fluid, [BIUZHIZK D &

ORR : Oil Recovery Rate, JH[EIILR

time : [ENA/EZERERH

£R-2,300, 7T Ty SO D F5 8 20044 B D
EBRTITHMEIENRE L, ERhlLOz< LY a kil
OB\ETIXT T T » FOK2670 /hiTk L ThEH
FANT v PR P~ — A TIIH680 /hTho7=. L
MDLERLCEBMTERARLOBEILS T 7y M3
1280 /hizxt L Co& HFEAANAT v PR F~—TIEN
670 /h& TDEIT/NEL 72D, WEINRIL S 7 TN\ r
v P BRETR21% TH o =D IZx L ThE ey
v FRAF v —TIHRIETHH19%, K TIE56% & 72
STHEY, RKPEHEEOHEBH TS,

W X 2 EE¥E~DERBIZOWTIE, SEOER
TILHIER ORI B 72 2 FHEIE BT IC L 2N 2 IR
RCERWoo Ik L TR 50, I HEFDOFK
TROLND. DEFEAT Y hAF~—TlE, ER
BT FRICAY AT =28, B E25emy D EER &
L7z,

SEMOREE DB, 7T Ty bOIFITH L)
IZBDLNDEN, hEFEAATFy b KAF~v—DFIX
SRIOTF—Z B IidiE-> & L2HEN THAu.



R-2 7T 73y MERKE LR

55Ty E R
Iv)Ioay | TwiPav | CEM CE;f
5t EIKE (%) 62 62 0 0
$5E (mPa-s) 100,000 100,000
EE (cm) 25 0 125 0
K EEA (B 2 - 15 -
K& (m) 6 - 35 -

E (0 il 10.7 10.6 10.1 10.2
i) BT 10.7 107 102 104
WEICIE » 1015 895 1,083 1,123

Rk E a vk B 5 8 10 10

SHE IR s 3R % 16 21 14 14

B4 HK £ kL 252 318 245 278
BUCHE 1)kl 40 66 33 40

RIKE kL 212 252 212 239
JHEREE JykIL/h 141 267 110 128

R 2 =Y EUGHK IR = JykiL/h 894 1280 815 893

£-3 EFEAT v A F~ —BR(20044F FE i) A SEBR A SR

NEFE/ b KR —1ER
ITILIaNIRIILOINIRIILD A, CEH CEH
Hatim S7KE (%) 68 64 64 0 0
$5E (mPa-s) 110,000 110,000 110,000 7,700 7,700
& K& (em) 0 0 12,5 12.5 0
BE () - - 15 1.5 -
NI b 10.7 9.8 9.9 10.1 104
K& (C) =T 10.8 9.9 105 10.1 105
LGS » 3,277 3,525 3,837 3279 2,368
BrimAT J HEH # E 3 3 4 5 4
MNEFEEE E] 86 114 109 89 76
SHEIREHE % 56 56 39 19 35
EYHRKE 1JykJL 106 119 152 159 126
EUhE 1JsykJL 60 66 60 30 44
RK=E kL 46 53 93 129 82
SHEMRE JwkIL/h 66 68 56 33 67
B Y EIGHRKE 1JwhkJL/h 117 122 143 175 192
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(1) 200447 & i o RIS R 0 B RE
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ZDIED, Ny OFREENRKE S, KETOERE
DR TEMZ R X 0 FEfR T 2 72 DI 1T 208 % KD
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RN ONTED LT =8, Nry hORRT%R7%
DOHKIZHG N RMONR L 2726 v MEF & E
ORI Y o 7 IR EBRNT 2 L) FIEE Lz,
DIEARDOHEHICET 2HBIIH W 2% <L
TLEL7A, 2005FE L GIOFHE TIERD K 5 ITEE
LTCuz.

D& FHENEIC KL DKk OEFREIE, HBHOERRIC X
D3[BTy FRNRAKE RS2 E0nn, 1BITRI13C
DOHMANEREIND ERETED. ZOHKDORKE
90% EARET D &, 1ENCOWTI20D4K 28+
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& FEEMED & OMKDOEREIL—E TR, 4
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3.5 EER#ER (2005%FF)
(1) [EIAE T OFFAH
20054 D EERTIE, [EUTHAS L O OFHEI % X
DHEEICT 720, T AHIASEREOHKEZEILL -
LEOHEBAFHEIL, HE%R, EORKEHEH L Tl
OEEZFHEI L7z

T, BB —AEHOLT, BERO

A

=

& JAMIR)

DEBZONT LV FEMCT — 2 2o 72. SR o

TS5 TNy MERNZOWT LRI EREIT 7.
PR DR, CEM2NKI1,300mPa - s (370 HE10
(1/s)) BE, =<2 a b IZ R IT#40,000
mPa +s (FVHEL (1/s)) Th-otz. 7ok, T HE
10(1/s) COREEEFHANIE BRMIC — AL T 2@ M2 H 5 7o
B, 2005FENLEA L.
EROERERA,5TT. ARALOTFT—FTh D
BmOMMIZDOWNWTH D &, NEFEAT y FATIHCEMO

LAY CHEIUNR IS 1 %, MEILR A HI304kg/h,

T Y g ALHMOGEITHEN RN 64%, JhEIIE
M224kgh THoTe. ZHICHLTT T T3y FTIEC
HIMOLGEITHEN A I37%, HELEE 3 KI321ke/
h, =</ a ALl OEEITHIEIENZE 2358955%, JHE

U= 25%9291kg/ h TH -7z,

EFROWE R EEEE B L X450 LAY LT —4
THHWEI2SMmD & E DT — X TliE, PEFEATry
b R CIXCE M D GE 1 BB EEA3 556 %, hE]
I RABKI147kg/h, T /L2 a LM OBE 2 BEIE) =R
2365%, JHEIULERI192kgh TH 72, T L TT F
TNy M TCIEHCEMOEGE Y THMEIN YRR
22%, MENERAKIZ90kg/ h, =< /LY a U ALHOEAIC
THENN DR H3KI38%, THMENRERHKI290kg/h THh - 7=

O LRSI, WObDEE OEEERE TIES
T TNy MR T EFE AT » bRULENR D
T, WMEINERN 7T TNy b D38~67%FE
EL+oEmnEiInzR2n., LnLERs 7773y
N DBEIIERIZEARBFET H T L L7 D729, BN
WK & —RFRNCSZ T AN DT Y v 7 DR ED/NS WG
G, ZOX I PORKEPHTER L THEN/NE
WIS E TR TIEEZ T T 2 LER H 5.

(2) 7B NF A T AR R E B RS

20064 ICHUET D T u b A A TEEMI A X LETD
BE, DEFEEAT v PRA X~ —TIE20054E RO
EEEDGEIT, PEFERBLEH T ) U x
DAy MUEIZIED L TR Y, 2IEIC 5D 5E A2
R Z V. KEEBRORBER, =7 U OFEN
B/ N S <, BMEDRIBIC /A o 72 2 & S [EIIEZE I E
BHEEEZTWHEEZDND.

BN D K HEH 5 UF20044E FEERR D 23 7 MBI
DWARPE F RIS THEE EOZ 2 & ZEMED MR
SN, EHFTMAKESI ODOH 57y NNDKE %
EOTERMETNEThHo722 L, BLOMANRHEH &
No5HME—FHENKDHA R DARBLETHD.

£, MEFELREEINT T TNy MEL25m, &
FHHEAL y FRAF<—20.5mT, fFIBIENEL THHR
HERIFE S —BNEDH 720 7T Ty hD555D2E 72> T
WA Z EmD, fEEEN NI 2oTLEDS. B b
A A TROEEICBNTE, ZOREEELCHHTD
TERRETHD.
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K4 EFEAT v FR(0054E FERR) TR

we | mm | me |EREK wee | mEwy| mEms | ERSEY
BEE | ) | @ | mim | R Tag | TR) | keh) |EREKE
(kg) (kg/h)

0 20 119 92 77 276 357

0 19 125 105 84 332 395

125 1.5 30 120 67 56 134 240

125 1.5 29 138 77 56 159 286

CE;mh 200 1.8 46 28 17 61 22 37
200 1.8 37 77 23 30 37 125

200 2.6 27 128 88 69 196 284

200 3.5 24 140 77 55 193 350

200 3.5 30 175 100 57 200 350

0 19 111 VAl 64 224 351

125 1.5 27 140 88 63 196 311

125 1.5 29 136 91 67 188 281

200 1.8 24 82 38 46 95 205

ITI)ILoaY 200 1.8 30 154 58 38 116 308
lo::! 200 2.6 20 67 45 67 135 201
200 2.6 29 118 65 55 134 244

200 3.5 20 86 70 81 210 258

200 3.5 23 134 90 67 235 350

200 4.4 20 124 97 78 291 372

5 U5 Ty MUHERE
war | EE | @ | mm | PREN s amis| amws | SEEY
(mm) (s) (min) (ke) (kg) % (%) (kg/h) (ke/h)

0 7 144 41 28 351 1234

0 12 128 58 45 290 640

125 15 5 144 35 24 420 1728

125 15 4 126 24 19 360 1890

200 1.8 9 144 72 50 480 960

CEif 200 1.8 10 165 79 48 474 990
200 2.6 8 197 63 32 473 1478

200 2.6 7 141 50 35 429 1209

200 3.5 7 137 43 31 369 1174

200 3.5 16 127 88 69 330 476

300 2.6 4 160 58 36 870 2400

300 2.6 11 166 50 30 273 905

0 16 142 80 56 300 533

0 16 140 75 54 281 525

125 15 10 124 44 35 264 744

125 15 12 155 63 41 315 775

IvIILay 200 1.8 6 140 29 21 290 1400
::! 200 1.8 5 151 23 15 276 1812
200 2.6 10 198 50 25 300 1188

200 2.6 5 162 32 20 384 1944

200 3.5 11 175 64 37 349 955

200 3.5 9 136 60 44 400 907




3.6 ;HEMR#DTA L2 A THOEE (2006FE)

(D) BEOE LD

20055 \ZHRE Lo & T o RGBT OFR
X, UToXkoThoT-.

D EFEHEEER T 227V XD LA

K&, WEBOBENZEENKE .

+ A oD BRENEAE L O AHT HEEM BSHR D720, KIS

KO FREAERTADBEL D.

T VI EOFRENNEL, BIERRERICARY,

EUERICER B 52 TVD.

- BB D AKPEE CEZEOREE IS X v KRB L

VEZEMEDS L,

c TT TNy MSE L C—E8iED 72 0 ORIEEmIE

/NS WNTZ D EILEE ST DM .

Z D, 2006 ERITI I N D EEERSD, [FIX
B EZEDL OO E A1 L.

(2) EHDORKEXIDOEEL T 1 b & A T DR/
HMEEO LB ST LA EXTUTOLEEY TH
L. 7a b A TIIEBORE INEETH DN, Kl
EBRIZBIT2HIB L0 R MERO -, fEhET v
LLTWA, P, M/RIZELTE4D1IEL TS
2%, JHBRE X e CICBI LTI E OB AR D N EE L
We s, FRIEBRIZB W THEREERFRRRTHD, Z
Do & FEHEOHRFT L, FERITRMENMELIEIC
BN, ZOROR-G6IIEHEORE OSBRI
WET 5. el, R—CODAKETEORZIINT Y PO
ETHDH. BETDLIEEIL, FEE2N, »EFEA b
—274m& LT, 7R MET/MIEEICAT D 1 ORER
EEZD.

R—6 MEHFENT Y FRAFv—KEE

BEZONTEM) | IBBIE | 52 ES | B=1®
FEE R 2.0 2.0 2.4 4,000
20054E FE 1R R 0.5 0.5 0.6 63
2006 EJORETIL 0.5 0.5 1.2 125

(3) st Lok RS

BREOREIZLL FOEIZOWTIToT-.

=T VY R RRT A F— B T BRI
MEEZDORBEIZ /R LR VE D IT/NE LT 5 & & Hig,
REREFIINEE Z L THEROBEAEEZR < (BEE-8(a),
(b) IZ R 2 BRI D EHE) .

BT VU VA OREERELS L, BENEE
W2 B RS,
DEFEL—FDOR hr—7 Z2005FEER D25 D1.0
m&d5

CEZBIARTWBI O AT AT AR S & O TR
SHEEE L, WARDHEIKIT A % 1510 0O 278 < B &
B AHT25. Bhic Xk 2FBESEE T2 (BE-8(0)).

INLDORBEELIZMINT e N A TETIVEBRERE
-8l 7.

B E-8(a) /& T BRI RE

BE-8(c) IEZERA ORI



SE-8(d) LEBABIER Y
BHE-8 EEEASy hRA v

(20064EFER : /N7 2 b & A TET L)
3.7 EEBR#ER (20065 %)

(1) EBREMF

FEERII2005FEE L FRIEME LT, FIEGFREEL, 17
Stz (FHRAZR). 7271, 77737y MERIOER
T H7, 2005FEEDT — 4 L LT,

MEED A= — 3 0%, 7 L— U BAEIC14,
B ORI D AL — 3 U214, HEKRRY 714
D3ILTITo 7=, MOBAEIX1600H> 5 180CFEE T, A
N OFOEAFI0.2 /> b L 200545 & [FRER DT, HEE
SHFRFEHTHD. WONIIRWAH T, JEHERIES
mBELLLND I ED, MEE S IT2emfEE LHE
Eh5. A Lo MEmi, CEMECEMICHREDK
FrelYafbEgrov AT a ULl THD.

TR — R IR-TO LB Y T, 20054 O FER 4 H &
Z, WBOEDITHLERBITK>TWD. 728, 20064
FERRDOFE/IN T 0 s Z A BT AT ONWTIL, PEREZHER
#é%ﬁ@%ﬁt*%%%"f%ﬁﬂ% IR -TE

, WITKT D&M EIZONTIE, fi/hTe & A
7%Tnmmjé@ﬁ#m¥m%@4 TOITHDHZ LD
DL, WERIZOWTIEIM/ N T 7 R & A TET DN
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BEHREE OARWCE M, FERITHEDOE VW=~ LY 3 Ak
M7 E BT, FERUKREXEDT T T3 Mkl
EMEINERIERIZE T, 2>, WMEIRGIRABRWI L 23D
MWD, EHTHERT S &, BRI 72 0 (CHRE L 72 hEY
LILFRED366 kg/h, WMEIMZNRITHI2EEDT0% & 78> T
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X~V —OMEIARN S 7Ty FEOERTWD D
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c) FEHOMREOHER

FERECITIBEES N & bl6fE ey, MEE S
PR Z B S 7200 T, KIEEBREFE L EIKET D L,
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-10DME TR OB ZB|E L CTEH LTV 5.
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INERIF#95.9 t/h, MEIEIERITHT0% TH D, 7T 7
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7y FOE, TRRHOBKEI T34t (K7 AEK171
ALy) OWMMBENNTE 203, WETXSAmZ o 7130
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Ihohnb, AELEMEFEAT Yy PR~ —IT
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EERKIE ERERE
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0 _ _ _ _
0.125 3.5 1.5 0.5 7
0.2 10 2.6 0.8 20

£-8 & FEAry AR~/ T a NET T L D K ERRRE R

. j R . . S E D
g | BB | Am | wm | DR ams BER | ERE R
(mm) (s) (min) (ke) (kg) R (%) (kg/h) (k g/h)
0 14 151 101 66 432 647
0 17 170 156 91 550 600
CEh 125 1.5 22 131 68 51 185 357
125 1.5 20 195 111 56 333 585
200 2.6 13 114 85 74 392 526
200 2.6 11 121 86 71 469 660
0 25 166 125 75 300 398
ITIILY 3 125 1.5 18 122 96 78 320 406
W2 (o 125 1.5 13 99 80 80 369 456
200 2.6 14 123 72 58 308 527




R-9 7777y MERIC X DKM ERRER (2005 FEEEFERE ) b Pk

wm | B | omm | DR | s | pEwm | opEws | TAocYE
prati (mm) (s) (min) KER (kg) (%) (kg/h) ARk &
(kg) (kg/h)
0 7 144 41 28 351 1234
0 12 128 58 45 290 640
125 1.5 5 144 35 24 420 1728
cEm 125 1.5 4 126 24 19 360 1890
200 1.8 9 144 72 50 480 960
200 1.8 10 165 79 48 474 990
200 2.6 8 197 63 32 473 1478
200 2.6 7 141 50 35 429 1209
0 16 142 80 56 300 533
0 16 140 75 54 281 525
125 1.5 10 124 44 35 264 744
ITIILoay 125 1.5 12 155 63 41 315 775
1Em 200 1.8 6 140 29 21 290 1400
200 1.8 5 151 23 15 276 1812
200 2.6 10 198 50 25 300 1188
200 2.6 5 162 32 20 384 1944
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0 25 50 75 100 125 150 175 200
K& (mm)
E-7 & R Y 72 0 Bk &
£-10 HEEE ) OHER
IEH A5 DITARETIL E )
K| | HEYR [ EK | | JHER
g | g | pgs [BERE| s
P E e Ay Fluid oil oil Fluid oil R
Recovery |Recovery |Recovery |Recovery |Recovery E:FC?VGW
Rate Rate Efficiency|Rate Rate lelency
X ZRH kg/h kg/h % kg/h kg/h %
st < oo |CEIH 577 394 68 9236 6296 68
ﬁ‘_fff_\’,f/ ITILTavibl 446 324 73 7131 5188 73
- BEH 523 366 70 8361 5853 70
CE;h 1160 410 35 18560 6553 35
TS5T\ryk [T avibd 903 301 33 14444 4821 33
BEH 1035 355 34 16560 5687 34
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TRIE knt 05 1 1.5 2
m/s 0.25 0.5 0.75 1
F 28 16.7 253
" S 15 105 105
fe20m R 2.1 6.2 125
F+R 4.9 229 378
F 20.4 325
fiE20E S 35 165
KE25cm, B2 R 8 6.8
F+R 28.4 39.3
F 6.5 16
fit208E S 1 9.2
2 xyhK30KHZ R 3 45
F+R 95 205
F 11 18
fit208E S 1 75
T xyhK60KHZ R 3 9
F+R 14 27
F 26
" S 155
108 R i
F+R 39
F 33
ffe 108 S 225
BE25cm, FH#2# R 15
F+R 48
F 35
fiE10%E S 255
BE25cm, FH#A2# R 15
F+R 50
#108 g -
EBE25cm, FEA2F R 155
21y IK30KHz =R 453
fit 10 : s
B&250m, EM2H R 165
21y K60KHz =R 45
ft5RE g
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1Yk K30KHz R e
ft5E g
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2 xybK30KHz =R
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2004 A FEIFHIERE D E V- C El A F W 223, JKEmE DL
NRERREZEALTHD LIET D &, BN KE
MOBEEY T WVERE IS T 2R OMR LT
H5.

(3) BT D A A N T — LD

2004 FEFEICHEH LI ABDO A A NVT — AT ) »v MRE
OVE THIMMEREZIZIE k- T LE-TZ. BHEOFA LT
—ATIE /v MRENSHEHEORATH S b Tk
v, EEOBGCIXZOANKbEE 720030, K
DA — NEOKEERS L, Ty A—F=—OEEY
I Z Lo THETHEALNED, TOHEKLK
BUbT 5. 723, MHMEREICET D FEIE A B — M ERC K
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RATIO %# 04 FREEL LTWA T2, MEE 2D DA AV
T — LRI OBATTH 5.
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2005 FEERRIZFICHIEOr— Y v 7RI, o7 RiE
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e L.

2005 FEERUIMEZ AR 42 & & b, iiEz
2004 FEEERR D 0.7m 7S 1.2mIZHik L=, o)
Mo nEETCE W . IR E#TIEPRIZA T A R
SHIUTHOWMETELRESIETHNTEL2O TRV
VHER LW, F, E (T T o) HEOEKIZEY XD
REpBMAZELNDI L T L (F-12).
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4.5 JKAEER (2005 FE)

(1) E8r—=

2004 FEEOER G, BHEN (77 v7) AEEZHD
FRERE < LA i s/ S WAIC 5 7 R
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