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A Study on the Highly Operable Viscous Oil SKimming System in Emergency

Muneo YOSHIE*

Synopsis

NAKHODOKA oil spill in January, 1997 was the unprecedented serious disaster casused
damages of around 36 billion yen as a result. Though many voluntiers worked on removing oil
with enthusiastic at the time, it was deifficult for the people which are lack of skill and knowledge
about oil spill response to cope with the various problem on the machineries and the materials
effected negatively by heavy viscous oil which was emulsified and contains debris at the coast.
Bcause of this, the national and local goverments were complained about the flaw of technical
support and the oil-spill equipments.

On these backgrounds, objective of this study is development and research of the oil skimming
system which performs efficiently and has usable operation system even if people who do not have
skill and knowledge enough about oil spill response operate it.

The first chapter deals with the objective and the background of the study. The second chapter
shows the current oil spill response preparation in Japan, and expresses necessity of the serious
development and research of the oil skimming system. The third chapter discusses about
engineering problem which should be overcome in order to make the operation of the oil skimming
system to be easy to use. The forth chapter shows “Oil Recovery System at the Site of Coastal
Shallow Water for High Viscous Oil”, the system was developed for people operating by only hand
at the shallow water site where no heavy machineries and no work vessels are able to access. The
fifth chapter shows “Development of an Oil Skimmer Operated by Crane Barges”, the system
enable the crane barges which are working in most of all Japanese ports to be oil skimming boats
in emergency. The sixth chapter reviews and frames, through the two developed oil skimming
systems, a conclusion of the way of oil skimming system which enable the operation at the oil spill
response site to be efficiently. It suggests that automated solution against the unique trouble of the
oil recovery caused by the high viscous oil and debris should be prepared, and the system should
be designed to make people understand the operation easily, and shows the technology,

engineering, application of the system and future challenge.
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pump type hose pump
capacity 80m’/h
Pump
discharge pressure(Max.) 16kgf/cm2
pumiping transfer distancel300m
boom type M four-section flexion
boom length(Max.) 22.3m
Boom
diameter (inlet, discharge)|125A
turret angle 360°
length 9110mm
Body width 2490mm
Size hight 3480mm
weight 15900kg
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Table 2.2 Executive board meeting of cabinet meeting for

Nakhodka oil spill response and Project Team

Working Group of grasping the situation of damage
+ Grasping the directly damage of oil spill
Project Team for Oil Spill Damage|Working Group of compensation problem
Control + Work on the executing of response by the ship owner
Working Group of other damage control

* Application of current system

Project Team for Preventiona | * International cooperation for ascertaining the cause of the accident

Recurrence + Enhancement and improvement of the oil spill response system

Project Team for Rapid-Response |+ Confirmation of Rapid-Response System of the Relative|

to the Massive Oil Spill Governments
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Fig 2.3 Panoramic View of Ohmsett Facility
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Water Particles

/_Oil Mass
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Fig 3.1 Diagram of the emulsified oil
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Floating just height at oil thickness

Transport by bottom
pump

Reference ; RO-CLEAN DESMI website photograph.
http://www.desmi.com/RO-CLEANDESMI/Products/Oilskim
ming/DESMIWEIRSKIMMERS/Terminator

Fig 3.2 Weir skimmer
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Reference ; WORLD CATALOG 2008 2-14

Fig 3.3 Fixed submersion plane skimmer
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Oil separator

Storage tank

High power
pump sucks oil You must separate oil from
directly fluid before storage

Fig 3.4 Suction oil skimming system
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Recovered oil
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Seawater N T B i
i | 7 Discharged
: seawater
Cyclone
chamber
Reference;

Hokuriku Regional Development Bureau, MLIT website
http://www.pa.hrr.mlit.go.jp/vision/ecoport/seibi04 _b.htm
Fig 3.5 Cyclone oil skimmer
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Reference ; Eureka Nordic d.o.o. website photograph.
http://www.eurekanordic.com/Vertical AdhesionBandOilSkim
mer.htm

Fig 3.6 Rope mop oil skimmer
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Reference; WORLD CATALOG 2008 2-8

Fig 3.7 Drum oil skimmer
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BN T WA ZHARLT W OEBERLETH DN, F
AN E DIFERE Rl LA = A& B STEE 1T D7
WHBEER B 5.

Reference ; WORLD CATALOG 2008 2-8

Fig 3.8 Disk oil skimmer

hy 773K~ bR
MEOT T 22T FT L, vk, £RFe—7
s, ELZME#HEIRSL0 (Fig 3.9). A
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WU HBIRT D 2 & TR LT 72 D A EIT D
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Absorbing or trapping oil on conveyor

Water is drained
before storage

Fig 3.9 Belt conveyor oil skimmer

i) 777K

7L — B 22T 7K O i B A fE A E
2b0. EHLBRELRE LDV OTV. bBRETIHHR
ISR L@ O KRB & [EIT (T LI
LIS TS, HllE EHICKEDORAKEZT W
LT B0, EREE Y 7 ORBRREOVLERD .

5 ek

HEROFRETMT 272DICT 4 A7, v —TEY
7, UL, EOMAEMSSDE T, RIS U THIE
L, ZHLTHWD b O, RILOFIENIZIEFPAR O Fnisk
DLETHY, ZHEZITMERR, B85 RROFBRO
ELWREGEENLEICR D, EMFOHFEOH &12E
HT2_XREEWMCIER VD EtEZOND.

LLEIZDW TS5 & Table 3.1 123 & 9125
TLEORENRBH B E 2D WFZEBSE & T X il Rk
ORPECEELRDD1X, @MERIIHISTEDZ L,
HENR Y% (Oil Recovery Rate) @2 &, 232
BNZ &, WOREN NS WD L, L THEIRO M
FDOAXNEELIRNZ L THD.

Table 3.1 Characteristics of the skimmer type

. Ol Type Oil Oil Effect |Effect |[Need

Skimmer type (viscosity) Recover Recoyery of . of of N
y Rate |Efficiency |Debris |Wave [training

1.Wier low high low high |high |yes
2.Fixed . low-med. high low high |med. |simple
submersion plane
3.Suction low-high high low high |high |yes
4.Cylone low-high high low high |high |yes
5.Rope mop med.-high med. med. low med. |simple
6.Drum low-high med. high med. |med. ]simple
7.Disk med. med. high high |med. ]simple
8.Belt, brush med.-very high |med. med. med. |med. |yes
9.Grab bucket med.-very high |med. low low med. |no
10.Complex low.-very high |vary vary med. |vary |yes
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NEBFLIEVEDTE VT LDICEERBINAZET 5.
ZHICKR LT, MERE IR AARRICERIMATE O
HMICH Y, FEATIIX AN CH RS FTEETH
L. Lo L7ed s, AV CIEE 4 N2ons 5 A
K&L, TR NI EERBBHFSOEETITAT B X
LNDBRT T A TOIHORLEFEF BT, Z DT,
WFTHEMATE 2RO B VRSS2 <, AR
EHS & B EBRVIRDILICHR LTI B o 72, 5
W NHEERATIC L A PRI R IMICh =0, TR D
SEMAHFL TIZERMTEOSHRE 2, 1 A 13 A2b 4
A 27 AORM, #ER 24 B OELVEZE CTEE AN BB IENR
35219 A, [EIGHAKEN 4,835 ¥ v ML ThHho Tz,
REZOLEOWLERRZIZST9 T Y v MVT, &K
DHI12%TH Y, — KIS b TV 5 R 22y 2
ERbNb.

O LIRS, METHEMATES LR N
MEIAERR OB MLETH D &5 2. MEIEEE,
EURH OBV IAZL, £, AF¥v—0DEA, AF~v—)
Bl LOER ¥ v 7 AR, GRS 7 D DAL HE
~OFRE, LWomFIREFKA TITONAR, b0
OYRT 4 T APRTRTHY 72 TERITIETTO
TEENFRILTCLES. L, BMTIERICHLDA
BIIRBNZA S N BE B+ ISR TE o0z, R
B A AN T = ADRIBIEESCH VAL, BEFEO
Bz 2ot O RPCOER A, R~ O L, TI~0
PV % o — Z S A 2 THGRICAT ) = & I3 T X
2. I, OSBREOKETOEETHREBENEES Z
Emb, HEEREHEH L 2ORELEOLEOMREIL L
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O LRI a2 E 2, Mo AN WIKIRD EWR
JEIRT, £, v BT, EECESRTI—HE LY
AT LEARERL, EHEEEITo .

(2) gL 5

— ki, WmEHERICB R bR Y g v
{BIZ LD @k AL ENEEORER & 72 5. WMEICTE
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TWAEEZ NS, @ OMEIEM T EE: £
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-17 -

BRTHHANZNEEZ LN, AT TR I
BENZIMb 5. FEERICBEHCRE L2 kE&ED
WESLIINRALTEY, R lcks8EEs LR
HIZLTND.

F2, BEOEWIIEWNMEZTERT2HE803H 0,
TR M EFEROBRIC b FHRMDES T -7
TEMRHERENTWS., Z0D, —RIRAF—T
VEENY O 23N S W=D S0 2 5 72 EOREN H
ST,

ZHLIEZEND, HRETHMOLKMN & MEENE
<, 2O+ mPa - s P EOERE CHlE RS0 I IR0
BALTWS EHEL.

(3) X E T HBLEM

KEDENRETIERE MBI BAD Z ENT
=9, 72, REARBEMOEROmNS RS L, Ik
FCTEMM 2 ESHENNEEEOIE) BEFTHD. L
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I, MIKIEIES DR OGE TR OB b Bk % R
DANBNDAREMEN B D 2%, SREHUTOME TIXIZ &
NERFHRETH D EZ 2 bND. WiEOHETHEMKIC
L0l BbENIC LA BRE~OEEBLEZOND. Z0O
720, ZL—rOBREIET — D) —F AU E K
D DYEREO & OFPHE T < »CEEOME A W REFEE 2
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TO LT L OBM OWMADBLEBIX, HEEOML
FIFHRETRETERY. 2ok, HEXMOEREN
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ADAD DMAOEKIZTZ <N L0 b, BUGHAKIE
WEEOERBNSHERICE VRS2 b0 E L. 20
28, Yy NRoX v 7 ITEKEEICRET LD L
L, ANMOBEEARTFrY VL —ERDAF~—05D[H
WK DOPEEEZFRRIC LV TR E v hoF 7 TR
TTCEXTHIEE L.

4) HERAOOEE
a) ANHORE

TR Z AL - BB 2 I2h 72> TiE, TOREAN
ADZHODZHED L WS ZENREETHD. 20720,



Mg COEAMOBIERED, FER 1 ANHT Y ITHE i, KEPLOMOTWET, NrY Y L—FCX

LT EDREDREANT 2D iiE L. 58y MOEK EOEWE E TOHERE, KUF OMHMEE
EHXOFBT DWRITIRE N TR NI B FHCY RFIZ 2LD.
BWTHEET Y v 7 2{Tolm T OMEE LTIE, 71 Table 4.1 Recovered Oil / Water Fluid Converted in
DIBNAN—AEMBNTH —AH7= 0 OEIUEEIIT 1 Drums(from the Data of Ishikawa Prefecture)
HRIZAEHE1IRTHAS EDZ L THHT-. . Recovered [Converted| Head-Count Recovered
_ o e City, Town, . Amount
I, BUFTORANE & IR OB HHER LT Prefecture Amount_finto 0.2KI}  of {0
N R (k1) Drum | Participants
Blm. BRI AT O N 7 Ly b PNCEBCY R O 3 72 ner Head
. . . . S Ci 4,835.2 | 24,176.0 35219 0.69
Fe A B THY, THEEALTRE LE. AR =
R N e Wajima City|  3,693.0 | 18,465.0 28,450 0.65
D7 —4 (Table 4.1) TILIEAA WM OREIUEFE N B DK
. ey L Monzen Town 1,298.2 ] 6,491.0 12,357 0.53
207,500 AIZHF LT, IR S V7= ERAR IS 85,900 K7 A Togi Town| 5184 2592.0 8,724 0.30
ﬁél‘iﬁﬁf:fcﬁb\: LT s, 22 L, :h%@?‘*ﬁ”di Hakui City 185.7 928.5 10,576 0.09
W EEINS L EENTWDHONH D X 97203, Eikil Shio Town 16.3 81.5 3,392 0.02
DOEHIEEED 1T%ITEE 72D T KT AELESUT Oshimizu  Town 1125 562.5 5,073 0.11
ThbEOHMIIHL TN LT 5. Takamatsu ___ Town 62.1 310.5 4,770 0.07
BRI 1 A 13 Hone 4 A 27 HE TORILEEDT Nanasuka  Townf 8361 41801 5186 008
— 5L, RANCDNDDOTEY #EL < FHT L7z L
ﬁﬁ‘ﬁ‘%% (Fig 4.1) DF— 2B 1 N7 v olE Uchinada Town 211.8 1,059.0 10,448 0.10
o K Cit 1948  974.0 14,083 0.07
IR T RTAMELRLSTH, ABOERAREMS L —
Ve IS, B Lir D, Y CD— Mattou City 107.0|  535.0 8,310 0.06
T - =2 bl o TR Mikawa Town| 40.8 204.0 2,795 0.07
- JEE 26 ) e s = N
ANBHT= 0 OEFMENEES L 2 [T L NA] BIER Neagari Town s02| 2510 8.575 0.03
CHERITE S, WMEOEELELTRANE T [FT L/ Komatsu City 18.5 92.5 4471 0.02
ANB] BEEETHY, KEBLETORZLTIEND Kaga cityl  5401.8] 27,009.0 35,385 0.76
TELEBELT, AHFETIIFDORIOALZE LTOE Ishikawa Prefecture] 17,184.8 | 85,924.0| 207,489 0.41

Bita 1 [FZA/NR] &L, ZhBICEENDSIE

50000

—ll— Recovered amount
45000 (drums)
w = & "=Participants
40000
35000 [ A IA
\
30000 [ H ‘ n 4 A
. A [ ’

25000 u

|

20000

15000

10000 [

5000 F

Fig 4.1 Conversion of Recovered Oil / Water into Drums (Data of Suzu)
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TERIAEEDTTOILD L 5 7B BN e B EER BT & 424k
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Fig 4.2 Concept of the oil skimming system
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b) R R O i SR

WNETA ML LTEDL Y RLDNRH D HE
L7z, Ol OEERT T TIOEEZT 5729012
WILZELET Ty N7 4 —2NREERS, £72, Zh
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MERHY, VAT LAELTUIHE LW LDIZRD. £Z
T, Vb R_RTEFALT, 2kl b okke
P45z && L. Zokd, L hoRbVicxy
FeHWLRy har_XTERB¥EL, Ax~—& LTH
ETHZ L L.

FREEmA Ry hEBB LIS WZ EiZZhE T2
BIFEENTE TS P, £/, BUVEH & LTrkheE
HEIN R > b ASHOHE ERZAICEF ST,
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Y T SRR S ERTED. E, REMEW
HEICEAEVE/NSSTRIERVWI EAbrs.

I 0il /
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Time
counting

Fig 4.3 Time test of high viscous oil passing through nets
Table 4.2 Results of time test of the high viscous oil passing

through nets
Oil viscosity (mPa-s)
Mesh (mm)| 184,000 | 286,000 | 726,000
2.5 10~ 10~ -
10.0 5.0 9.5 -
20.0 2.0 3.5 10~
25.0 ~1 3.0 5.0

(s)

c) Ax~v—otEiE (Fig 4.4)

AX~v— 3B EEMY 7 ORTEHIZK Yy b3
N7 ERYSTFEERE LTS, Ry MMIATEROMHE
EMLLIEHOTHD. F v hOIEIE 50em T, K ED
HiExry FEIZED B, 2OFFE 40cm 1T E LB
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FRIE DA U TIEIARERD T OB X ITBERETE D LB %
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DIRE R CHARDBERZET L, MWEIRZFRITE .

AT VLA NR=IZARDIRO RT 22k D 5KT, E
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Fig 4.4 Outline of the oil skimmer
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Fig 4.5 Configurations for Boom Deployment
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. Coverage of Floater
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Fig 4.6 Collecting oil boom (net is adopted as the skirt)
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Fig 4.7 Oil is pushed back in front of the conveyor



U—FIMEINEE O 7 L — A LR ETRICBEIT
EITEICHE V7 B—Z 2 XY [BlfET 52 S L CH
DTN TS, EfTEIEMEET—F —IC L ) EEE) S
NAav=A itk 7r—a LICEEENZT v 7 &

Net conveyor

HE-THBTS (Fig 4.9). »&FEBETERDL
HESEE L, BT ERARDBITY v = o 7 ASEIEE S Alfe
RO ICEHE L.

Fig 4.9 Structure of the raking device
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Fig 4.10 Tube pump



b)  EFE VB IExR ORG
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JEHRR THERE (WeB]) BERES IR E 5 & & %, 50 7 mPa -
s OMOESI A REEBEZ LT 4.1) R TRET S &
2em &7, ZOFEETEHERICRLR.

Ap= Y J+n . - (4.1)
2gD
ZZiZ
AP : 1K [m]  10[m]
h: E{EZ%E  [m] 1[m]
1: W5 AT RE FERfE[m] 0.02[m)]
v iR Fi A S[m*/h] & v 0.71[m’/s]
D: B 0.05[m]
. 64n
c:ﬁﬁ%ﬁ(wwﬂ,nzﬁﬁﬁoﬂﬁm)

SENR TR E 2 B E TR LM TH 508, Lz
~NTa L CEMOLEIZ0I U ETHY, FHE
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Fig 4.12 Diagram of the recovered oil / water fluid transfer line
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Table 4.3 Test results

Viscosity | Mesh Conveyor
(mPa+s) | (mm) Speéd State
(m/min)
2.5 15.0 |Oil /water fluid was reflected by low transparent net
40.0 Oil /water fluid was pushed away by the flow to opposite
direction of wave
10.0 30.0 | There was water chopping in front of the net conveyor
500,000 20.0 |Good performance
10.0 |Good performance
250 High transparency of water made calm water surface in
25.0 ﬁont of the net conveyor _
15.0 |little turbulence of water makes good condition of
5.0 |Scraper worked well
250,000] 25.0 15.0 |Good performance
100,000| 25.0 15.0 ]Oil stuck to the scraper
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Fig 4.18 Tank test of the oil skimmer installed the oil raking system

Fig 4.19 Photograph of the tank test with oil
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Table 4.4 Test Results(Oil Viscosity :460,000mPa - s)

case 1 | case 2*| case 3 | case 4*
Raking Ve19c1ty 9 6 4 6
cycles/min
Conveyor Yelomty 20 20 20 10
m/min
Recovered Fluid
3 0.03] 0.022] 0.013] 0.023
m/20s
Recovered Oil
3 0.024] 0.018] 0.01] 0.018
m/20s
Recovered Water
3 0.006] 0.004| 0.003] 0.005
m/20s
Water Content Ratio 20 18 23 20
%
Fluid Recovery Rate
h 5.40 396 2.34 4.14
m

* case 2,4: was controlled operation that the operator waited

to rake until the oil on the net cnveyor falls into the tank.

ZPICHBIMNGIE, AERKRETHIRIER DL Z L
WoNd. 2B, EIRIIOLEBETOHRPEDO S
NLRB, ZOFERBRTIIRY b3 7 ECTHSLo RIZH
S TN ARRLMENICE CiA s b1 TR BE L & e
Mol RN 20%DD EBEZONDTD, BERDHTD
RN E S DT RHMETH 5.
Table 4.5 Suction test result
<viscosity 880,000mPa - s,
valve relief point 58.8kPa,Suction pump;5.2m*/h>

. Recovered water
o suction pressure
case situation content
kPa o
%
1 Flash valve is shut -58.8 20
2 Air inlet -49.0 20
3| Flash valve is opened -29.4 40
4| High pressure water jet 0 60
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Table 4.6 Improvement of place of the flash valve
<viscosity 650,000mPa - s,
valve relief point;58.8kPa,Suction pump;5.2m*/h>

case A B
Wave height - 20cm, 2s
Recovered fluid (m*/h) 0.9 2.4
Water content (%) 6 1
Suction pressure (kPa) |-39.2~-58.8|-39.2~-58.8
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Fig 4.21 Layout of equipments and materials for operation test at the site
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Fig 4.23 Launching operation of the oil skimmer
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Table 4. 7 Results of the each operation period at the site test

Operation 28, September| 29, September
Crawler carrier round-
First, 3min20s| Carried by hand|weights,
hoses,etc
Second 5min40s| Carried by hand|cables,
scaffolding
boards, etc
3rd| 8min5Ss 8min40s|oil skimmer
4th 6minS59s Sminl6s|hydraulic
power unit
Sth 11min 6s 4min50s|control panels
6th| 4min 2min55s|transfer pump
subtotal 40min| 21min4ls
launching oil skimmer 8min23s 6minl0s
carriying by hands, 7Tmin37s 24min5s
pipeworks, cable
arrangements
Total preparation time 56min 51min56s
Total time of back off 37min -
works
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Fig 4.24 Dr.Kaiyo

Fig 4. 25 The net conveyor skimmer installed by the side of
Dr.Kaiyo
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Fig 4.26 A photograph in left is the developed original net conveyor oil skimmer with rake,

in right one is the customized one for Dr.Kaiyo
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Fig 4.27 Installation of Net-conveyor Skimmer on the side of Dr.Kaiyo
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Fig 4.28 Comparison between the original net-skimmer and the customized one for Dr.Kaiyo
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Fig 5.2 Requirement of the barge deck space
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Fig 5.5 Illustration of the bucket oil skimmer with rake
model (1)




( Floats are attached both side of the skimmer’s frame )

Fig 5.6 The bucket oil skimmer with rake model (1)
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Fig 5.7 1/4 scale model of the grab bucket



(b) Scoop up the oil / water fluid

(c) Opening the grab on the storage tank (d) The oil / water fluid was recovered in the tank
Fig 5.8 The experiment of the grab bucket model

= —_— -

(¢) The oil / water fluid flew into the tank (d) Tipped the bucket and the oil / water fluid was recovered
in the storage tank

Fig 5.9 Experiment of the bucket oil skimmer with rake model (1)
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Table 5.4 Results of the tank test (the grab bucket model )

Grab bucket model

Emulsified | Emulsified | C Hevy Fuel [C heavy Fuel
Oil condition Water content 62 62] 0] 0|

(%)

Viscosity (mPa-s) 100,000| 100,000

Wave height 0.25] 0 0.125 0

(m)

Wave condition Period (s) 2) - 1.5
Wavelength 4 35

(m)
Water temperature °C primary 10.7] 10.6} 10.1 10.2
end 10.7] 10.7] 10.2] 10.4]
Time of recovery s 1,015 895 1,083 1,123
Actions of di number of times 5 8 10] 10]
Recovery Fluid hight cm 19] 24| 19) 21
0ily Phase hight cm 3] 5| 3| 3]
il Recovery Efficiency % 16| 21 14 14]
Recovery Fluid Liter 252 318] 245 278
Recovered Oily Phase Liter 40) 66| 33 40)
Recovered Water Liter 212 252 212] 239
Oil Recovey Rate Liter/h 141 267] 110} 128]
Recovery Fluid Rate Liter/h 894 1,280 815 893

(4)  SEBRRER

EEEOFERIT Table 5.4, 5.5 [Z/”9. ARG TILim
[FNZh= (Oil Recovery Efficiency) % (5-1)z(, Ji[EIIL
(Oil Recovery Rate) % (5-2)=NCEFRT 5.

ORE=ROP/RF X100 (%)  «+ ¢ =+« =« + « - (5-1)
ORR=ROP/time = =+ + o ¢ ¢« o« o o o« & (5-2)
ZZT,

ORE : Oil Recovery Efficiency, JHFNIZh=E (%)

ROP : Recovered Oily Phase, FIX L7z & (RfEE 7=
WHHEE, =w L Ya ZEENADEED)

RF : Recovery Fluid, [ENYH/KDOE (BFEEITE &)

ORR : Oil Recovery Rate, JH[AIIY

time : [EL{EZERER

Table 5.4, 5. 5005, 77737 v N OFEIO 523
FEUNERKRE L, WRLOT LY g U ALOEE TiX
75 7Ry hOF) 267 1h Ik L ToE FELAr
FRA ¥~ —HAITIE 68 Vh Thotz. LMLRRS
CHEMTHRRLOEEIEXT T 737 v P23 128 Vh (%t
LThrEmEATry hAAF~—TI3 67 Vh & ZED
ZEINEL e D WEIBERIZ Y 77y M KEET
$21% Th oD L ThEFERAT v P KA F~
—TIEHRETHR 19%, KETIE56%E m>TEY, R
RBEHBERE DR TN S,

A & 2 R~ D BRI OV T, SRIOER
TIXHIERI O 7 DFHH BB L 2N &/
BTERWEDFEBIREIIRR DD, TV RGTOHK
TROLND. DEFEANAT y A X~ —TlX, EH
BTy PRI AV AT /28, & 25cm Re D FEER %
kL7,

KGMOKEDOEENL, 7T Ty hOFIZHA LN
RO HENDN, NEFEANT v P AR Fv—DFHIX
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Table 5.5 Results of the tank test (the bucket oil skimmer
with rake model (1))

Bucket oil skimmer with rake model (1)
Emulsified | Emulsi ) d| C Heavy fuel| C Heavy Fuel
0il condition Water content (%) 68] 64 64 0} 0
\(’:;‘;5'3 110,000 110,000( 110,000 7,700) 7,700)
Wave Condition Wa;z::_%)(m) N 4 N u 0 112; U 112; N g
Water °C primary 10.7) 9.8] 9.9 10.1 10.4|
end 10.8] 9.9) 10.5} 10.1 10.5}
Time of recovery s 3.277) 3,525 3,837 3,279 2,368|
Actions of discharging |  number of times 3 3 4 5 4
Actions of raking number of times 8] 114 109 89 76|
Recovery Fluid hight cm §] 9 11.5] 12| 9.5]
Qily Phase hight cm 4.5] Rl 4.5] 2.3 3.3
Oil Recovery Efficiency % 56] 56| 39 19] 35
Recovery Fluid liter 106) 119) 152] 159 126
Recovered Oil Phase liter 60) 66) 60| 30| 44
Recovered Water liter 46) 53| 93| 129 82|
Oil Recovery Rate liter/h 66] 68] 56] 33) 67
Recovery Fluid Rate liter/h 117 122) 143 175 192
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Fig 5. 10 Diagram of the raking device type
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Fig 5. 11 Illustration of the bucket oil skimmer with rake
model (II)
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Fig 5. 12 Improved bucket oil skimmer with rake model (1)

d)  WAKOPHTFTER AL — 3 VOER

_44 -

ANy FAOMIKIL 2 S E FERICE R 2R E T,
Ny EDLIFRY v 7 ~EERENT X TH L. -
ZL, Ny MOEZBMAT LI LT b—AEE
O & > 7 A TR BT HEER OEE A I
Liz. /A7y MNEOBRPIIER CITFENC L2, Ak
ITHBBBEXRZEE LY. 20— EOEEICE LT
X, 79777y FERFEOWMYBNMEOR S EZTY A
NizWEEZTHLDOTHS.

JEKDOHEHIZOWTIEZ A Y7 T AR FIT L VAT
RN, N7y MEENK 401 1K LT, HEKE T D
RE L 40U/min & 7R >7=D TR T % 1 4SEEE S8
&Ny NREIZR D, EKITHMENR O 72 O &%
BEITRIIZON TP LT 2, N7y hOkET
RN OHKICHALDRMABIRC 27y b
Fl& LIF Ty v 7 ik EHET D 0D FIEE L
7. ZOEKOYEHICET 2 HENIH N FE W RESE S
SFELTLE 7R, 2005 Y HIOFHE TR D £ 9
WZARE LT e,

P& FHEEIC X DMK OEREE, BRI OE[IC X
D 3EITRTy NADRHIKE -T2 LD, 1 [BITH
131 DWARPERISND EFETED. ZOMAKDRK
Z 90%EET DL, 1 BICOWT 121 DLRKEHEHT
T b BERICRAKOPEH N TE 5. ZD7 DT
ISR TS EIZ LWz &k s. L ZARE
BRI II & HEIMED &L OMKOEREIT —E Tk <,
FARL— & —NEGME 5 E <D AL D L b B
KHFEEIT 720, ZhERBRLIZYD T 570N T
L8R, FiilE OEBBEERSBRNESICT D
DITITEKRIEREFELE N W2 EOMERH -2, =
N ERAIC AW U CHEHREEZ 5 2 & 2ME
(LI olo e, HEFEROMKOETRE
TN NNO KA D B E D> X FF 8 E o MR % 3
I BRI, EAKROPEAKITIEAIIIZ I3 A PEAK I e
BINDHETHRTITARI>Z L L L.

6) MEFEATy bRAF~— 2 1) OKE
B

MEFEANAT v hRAF~—0 2 SHEITEIER BB X
ORI 2 KIEICET L2 L b, KRB S0k
WOWTHEE L7

2 SHEOKIERER TIL, EMHIKE L ONhS 0FH %
FOHEICT L0, HmhEL | SHOFER I HE
L, FILEH1EAS (0.18m®) FREDHAKZEIR LT
LEOEEZFWL, FER, EKOoRKELHEH L Ty
OEBEZFHAILE. 72, EBRF—AZHWOLT, EH



DEEBLEMY (KR OFBIZOVWTRYFEMNCT —#
ol KEICAANT =L (FANT =2 R) HiRE
¥V, 0.2 knt OFETH 72 THAR A LIRICHR LAgv &
IICHERF L7, SEBRITEE L2 &2 ZIE IR Lk 2 7 &
A, HBHWVEEIN LAk OER B L Z 0.18m® IZE#E L
TEER TR TS, BULLZMAKIZ R AHEICBLEZ
T, TOHEBEZEIN L722EOMKEE T 5. T
CHMBINZFOZ< /LY g 20O THAKDESLSHEN
W2, LIEL L HE LIZOBIERICH DRk E PN
LCHEEEZFEIL, 2z LZHmRE Lz, &
BRRO 7T 73y MERZOWT b [AERICERR 21T
Stz KERBRORES % Figh 1312077, £7-, £EB
r—ZIZ2W\WTC Table 5.6 (2777,

Wave generator STORMS

‘/ I:: > Oil
Slight culllllr]ent

Measure the

’«—0Oil boom

(LT

) Storage tank
weight

Fig 5.13 Arrangements of large tank test
Table 5.6 Parameter of the tank test

Case
Wave Height (m) 0] 0.125 0.2 0.3
Wave Length (m) - 3.5] 5| 10| 15] 20| 10] 15
Wave Period (m) - 150 2] 3] 4] 4] 3| 4
C Heavy Fuel Oil
Viscosity (mPa-s) 1,300
at 10 (1/s), 10(°C)
Emulsified Oil
Viscosity(mPa-s) 40,000
at 10 (1/s), 10(°C)
Water Temperature (°C) 10~11

(1) IEFEAT Y FRAF~—2 SO IR R

a)  [RIULEE S O FAl

EBROFERE Table 5.7, 5.8 {TRT. WARLOT—
ZThHDHWR 0m IZONTHDLE, hEFEATy X
TiE C B OBHA L THEI IR 81%, HEIY
LINK) 304kgh, T~/ a AHMOGEIZHEI )
S 64%, WHENLEN 224kg/h THoT-. ZHIZxF LT
Z 7N R TCIE C EIMOEGA MBI E K 37%

- 45 -

B LN 321kg/h, T~ /LY 3 LMD BE IR

PN 55%, MEIFELK 291kg/h Th -7

Table 5. 7 Results of tank test of the bucket oil skimmer with
rake model (1I')

Wave | Wave | Time of | Recover lzeg’_fe oil oil Fluid
. .. . . |Recover| y Fluid iy Recovery | Recovery | Recovery
Oil condition H(erf)ht Pe(rsl;) d y Weight Phése Efficiency| Rate Rate
(min) | (kg) “:iliht ) | kegh) | (kg/h)
g
0 20 119 92 77 276 357
0 19 125 105 84 332 395
0.125| 15 30 120 67 56 134 240
0.125| 1.5 29 138 77 56 159 286
CHeavy fuel| o2 18 46 28 17 61 22 37
02| 18 37 77 23 30 37 125
02| 26 27 128 88 69 196 284
02| 35 24 140 77 55 193 350
02| 35 30 175 100 57 200 350
0 19 111 71 64 224 351
0.125] 15 27 140 38 63 196 311
0.125] 15 29 136 91 67 188 281
02 18 24 82 38 46 95 205
Emulsified 02 18 30 154 58 38 116 308
02| 26 20 67 45 67 135 201
02| 26 29 118 65 55 134 244
02| 35 20 86, 70 81 210 258
02| 35 23 134 90 67 235 350
02| 44 20 124 97 78 291 372

Table 5.8 Results of tank test of the grab bucket model

Time of | Recover Oil Oil Recovere
Wave | Wave | Recovered N
Oil condition| Height| Period Recover| y Fl_md Oily Phase Recvaery Recovery| d Fluid
(m) ©) y Weight Weight (kg) Efficiency| Rate Rate

(min) (ko) (%) (ko/h) (ko/h)

[V 7 144 41 28 351 1234

[V 12 128 58 45 290 640

0.125 1.5 5 144 35 24 420 1728

0.125 1.5 4 126 24 19 360 1890

0.2 1.8 9| 144 72 50 480 960

Cheavyfuel [ of ) g [ 165 79 48 474 990
0.2 2.6 8 197 63 32 473 1478

0.2 2.6 7 141 50 35 429 1209

0.2 3.5 7 137 43 31 369 1174

0.2 3.5 16| 127 88 69 330 476

0.3 2.6 4 160 58 36 870 2400

0.3 2.6 11 166 50 30 273 905

0] 16| 142 80 56 300 533

U 16| 140 75 54 281 525

0.125 1.5 10] 124 44 35 264 744

0.125 1.5 12 155 63 41 315 775

Emulsified 0.2 1.8 [ 140 29 21 290 1400
0.2 1.8 5 151 23 15 276 1812

0.2 2.6 10| 198 50 25 300 1188

0.2 2.6 5 162 32 20 384 1944

0.2 3.5 11 175 64 37 349 955

0.2 3.5 9| 136 60 44 400 907

FEHEOWE L WEEZRB L L 400 1 IThbERET —
2 THDHIER 0.125m O L EDT —HF TiE, NHEFEAN
4y FITI C BIMOB A FE THEIEIR K 56%
WEIR A 147kgh, =< g AGMO A2 A
INEhEDS 65%, BN 192kg/h Th-o7=. Ziuicxt
LCY I 727y b Tk CEIMOSA IR CliE )
HRK 22%, HMEIXERAK 390kgh, T~ = ALl
DIGAITIMIEIL R A 38%, AR 23K 290kg/h T
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Table 5.9 Dimension of the bucket oil skimmer with rake

Ballpark Dimension| Sweep Width | Height | Length Tank Capa01ty
(m) (liter)
Real Size 2.0 2.0 24 4,000,
Model I 0.5 0.5 0.6] 63
Model III (Prototype) 0.5 0.5 1.2] 125
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(a) The state of retracting the rake

(b) The state of extending the rake

(c) The state of opening the bottom hatch

(d) The state of opening the inlet hatch

Fig 5. 14 The bucket oil skimmer with rake down scale model ( III )
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Hol=. Zhb% Tableb 11 IZFE LHTRT. F/2,
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Table 5. 10 Test Case

Tank Basin Equivalent to the coast
Wave Heightl Wave Length| Wave Period| Wave Heightl Wave Length
(m) (m) (s) (m) (m)
0 — — — —
0.125 3.5 1.5 0.5 7
0.2 10 2.6 0.8 20
Table 5. 11 Parameter of the tank test
Case
Wave Height (m) 0 0.125 0.2
Wave Length (m) - 3.5 10
Wave Period (m) - 1.5 2.6
C Heavy Fuel Oil 1,300 (Grab Bucket)
Viscosity (mPa*s)
at 10 (1/s), 10(°C) 3,800 (Skimmer Developed)
Emulsifi il Vi it
mulsified Oil Viscosity | 4 50 (both Grab Bucket and
(mPas) Skimmer Developed)
at 10 (1/s), 10(°C) velop
Water Temperature (°C) 10~11

N

Fig 5. 16 Hang the skimmer on the oil slick
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Fig 5. 17 Recovery action (Raking, the hatch opens, the fluid

flows into the tank)

Fig 5.18 Test oil (emulsified)

b) TR R L B
MEFEANT y FAAX~v—Hi/NTa b F A TET
ST X BRI ERRFER % Table b. 12 1273, £ 7=, Table
5.13 12 2005 AT/ 7T Ny MR X 27
— R LEET 5.
Table 5.12 Results of the tank test of the bucket oil skimmer

with rake down scale model ( I1I)

Wave | Wave | Time of RecoYery Recoyere Oil oil Recovgre
oil . . Fluid d Oily |Recovery|Recover| d Fluid
Height| Period [ Recovery . .
condition Weight | Phase [Efficienc| y Rate Rate
m) [ () | (min) | (kg) (kg) (%) | (kgh) | (kg/h)
0 - 14 151 101 66 432 647
0 - 17 170 156 91 550 600
0.125] 1.5 22 131 68 51 185 357
C heavy fuel
0.125] 1.5 20 195 111 56 333 585
02 | 26 13 114 85 74 392 526
02 | 26 11 121 86 71 469 660
0 25 166 125 75 300 398
0.125] 1.5 18 122 96 78 320 406
Emulsified
0.125] 15 13 99 80 80 369 456
02 | 26 14 123 72 58 308 527




Table 5.13 Results of the tank test of grab bucket model
(extract from Table 5.8)

B Ll e st
iti y Weight Weight Rate
(m) (s) (min) (kg) (kg) (%) (kg/h) (kg/h)
0 - 7 144 41 28 351 1234
0 - 12 128 58 45 290 640
Cheavy| 0125 15 5 144 35 24 420 1728
fuel 0.125 15 4 126 2 19 360 1890
0.125 26 8 197 63 32 473 1478
02 26 7 141 50 35 429 1209
0 - 16 142 80 56 300 533
0 - 16 140 75 54 281 525
Emulsifi| 0125 15 10 124 44 35 264 744
ed 0.125 15 12 155 63 41 315 775
02 26 10 198 50 25 300 1188
02 26 5 162 2 20 384 1944
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Fig 5.19 Comparison of the Oil Recovery Rate
Figh20 xR 5L, HEEICEBWVWTHREFENT v b
RA X~ —OMEBIUENERN 7 Z 73 v M XD ERL T
L ENHAMNTHD. Figh21 215 L, WRbo%LE

- 49 -

DOERFEY 720 B EDR N EFENT Y PRAF~—
WXL T 73y PRI SZ W ER3bnd.

100
90 *
S 80 ]
)
g
S
2 60
g IS n
%?, 50 *
S 40 ®
< ) N
3 30 T
# Skimmer Developed/Heavy Fuel Oil A [
20 B Skimmer Developed/Emulsion N °
10 AGrab Bucket/Heavy Fuel Oil
@ Grab Bucket/Emulsion
0 ;
0 0025 005 0075 01 0125 015 0175 02

Wave Height(m)

Fig 5.20 Comparison of the Oil Recovery Efficiency
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Fig 5.21 Comparison of the Recovered Fluid Rate
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Table 5. 14 Estimation of the capacity about oil recovery in

real size oil skimmer and the grab bucket

Capacity Model (1/4 scale) Real size
Fluid _ |Oil 0il Fluid 0il oil
Type Recovery |Recovery |Recovery [Recovery |Recovery |Recovery
Ol T Rate Rate Efficiency |Rate Rate Efficiency
1 hype kg/h kg/h % kg/h kg/h %
Bucket Oil |C Heavy Fuel Oil 577 394 68 9236 6296 68
Skimmer  [Emulsified 446 324 73 7131 5188 73
with Rake 4 yerage 523 366 70 8361 5853 70
C Heavy Fuel Oil] 1160 410 35 18560 6553 35
Grab

ra Emulsified 903 301 33 14444 4821 33

Bucket
Average 1035 355 34 16560 5687 34

@ Mo OMEBENHE & o g

Table 5. 15 IZfill DT DO MMENNHE & DI Z RT . £
ISR PO BIER L b D TH D, WG ORI,
low ##(EH mPa - s FREELLT, med.% 2,000mPa - s F2JE
DEJH, high % 20,000mPa - s FRE D C EHB L=~
N g AL, very high & Z L LD s E R~y
a & UTHIB L7z, MEIRIE, KM CHERT 5
ZEIZEY, RIBIEEDRR U TRAZIETE, B
m’/h BL DR SN D D% high & L7z, llEIL
ZhFIL high % 90%LA |, med. % 70%F2E, low i 50% &
D 2N bOE L TR L., BICK 2B TREM
EIGHRER TR D S OIEHKE TENHDO TS low & L
7z,
Table 5. 15 Estimation of the capacity about oil recovery in

real size oil skimmer and the grab bucket

Skimmer type (Oll Ty’?e g:covery g:covery fff: e gff e Ne.e d of
viscosity) Rate Efficiency |Debris [Wave fraining
1.Wier low high low high [high [yes
zﬁiir)r(lz;ision plane low-med. high low high [med. [simple
3.Suction low-high high low high [high [yes
4.Cylone low-high high low high [high [yes
5.Rope mop med.-high med. med. low |med. [simple
6.Drum low-high med. high med. [med. [simple
7.Disk med. med. high high [med. [simple
8.Belt, brush med.-very high{med. med. med. [med. [yes
9.Grab bucket  [med.-very high{med. low low |med. [no
10.Complex low.-very high |vary vary med. [vary [yes
11.Bucket oil
skimmer with the [med.-very high{med. med. low |med. |no
rake
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Fig 5.22 Collecting boom (outrigger type ; USCG )
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Fig 5. 23 Diagram of the Buoy System to Deploy Oil Boom

Automatically
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Table 5. 16 Standard of Oil Boom in Japan

Minimum height | Minimum length
Type
on water surface |under water surface
A 20 cm 30 cm
B 30 cm 40 cm
C 45 cm 60-70 cm *
D 60-80 cm * 80-100 cm *

*Only A and B type are standardized in the law, C and D are

generally products data.
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Fig 5. 25 Illustration of the Buoy System to Deploy Oil
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Fig 5.26 Measurement of the rope tension
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Table 5. 17 Results of tank test of the buoy system model

(D)
Rudder Wave height (m) Current (k)| 0.5 1 15 )
angle Wave period (s) veloci
(degree) |Water jet pump (kHz) Y s)| 025 | 05 |075] 1
F 2.8] 16.7] 253
S 1.5 10.5] 10.5
R 2.1] 62| 125
F+R 4.9[ 229| 37.8
F 20.4| 32.5
0'22 > S 35| 165
’ R 8| 68
F+R 28.4] 39.3
20 F 6.5 16
i s 1| 92
R 3] 45
30 F+R 9.5] 20.5
F 11 18
: S 11 75
R 3 9
60 F+R 14 27
F 26
S 15.5
R 13
F+R 39
F 33
0'22 > S 225
i R 15
F+R 48
0.25 F 35
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R 15
F+R 50
F 28
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Fig 5. 29 Fixed rudder plate of the buoy
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Fig 5. 30 Oil gathering by water jet stream
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Fig 5. 31 Illustration of the Buoy System to Deploy Oil
Boom Automatically model (II')
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Fig 5.32 Image sensor (KEYENCE CV-3500) captures
position of the buoy
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tension meter

waves, currents

Fig 5. 33 Arrangement of the sensors
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Fig 5. 34 Pitching and rolling behavior of the buoy(wave height : Ocm, current velocity : 0.75 m/s)
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Fig 5. 35 Pitching and rolling behavior of the buoy (wave height : 25cm, current velocity : 0.75 m/s)
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Fig 5. 36 Pitching and rolling behavior of the buoy (wave height : 40cm, current velocity : 1.0 m/s)
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Fig 5. 37 Current velocity and positioning of the buoy from the barge ( wave height Om)
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Fig 5. 38 Current velocity and positioning of the buoy from the barge ( wave height 0.25m)
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Table 5. 19 Dimension of the Buoy System to Deploy Oil

Boom Automatically

Float Rudder Boom

Dimension (m) width | height| length| height| length| Type, Length|
Developed buoy model (1) 0.70 | 0.30 | 1.50 | 0.40 | 1.00 A, 10m
Developed buoy model (1) 1.20 | 030 1.50 | 0.30 | 1.50 A, 10m
Prototype down scale model (IIT)| 1.90 [ 0.45] 2.20 | 0.60 | 2.20 B, 20m
Estimated real size buoy 190 | 0.60 | 2.80 | 0.80 | 2.80 C, 20m

S Skirt depth of booms: A type: 0.3m, B type: 0.4m, C type:

0.7m
oM, WEEBRA &S EHENT SER] e R B AR
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Bz RT. Table 5. 20 Test case of tank test
current velocity (m/s)
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Fig 5. 39 Prototype down scale model of the buoy ( III)

installed water jet nozzles

Fig 5. 40 Back view and the rudder of the prototype down
scale model of the buoy (III)
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Fig 5. 44 Tank test of the buoy model (II) changed towing
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Fig 5. 45 Positioning stability of the buoy model ( 11 ) changed towing point of the boom
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Fig 5.46 Wave height and positioning stability of the buoy model ( II)
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Fig 5. 47 Wave height and positioning stability of the buoy model ( I1 ) changed towing point
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ZUTANEDT 78 AP RGEIE, 4 FUOHE2 A
2352 & CEETED (Figh. 49). FEAIAATZERE
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Fig 5. 49 The oil recovery system package on the 11 ton class
truck bed
Table 5. 21 The list of the oil recovery system package for
the test of operation at site

(a)Bucket oil skimmer with rake

Materials Characteristics counts| Remarks
Main unit 250kg 1 Air drive
Control panel 1 |100V, 100W
Compressor Capacity 5m’ /'h, 875kg 1
Air hose 1 Compressor— Control panel 1
Air hoses 2 Control panel— Main unit 6
Air hose 3 Compressor— Diaphragm pump| 1
Electric cord Generator— Control panel 1
Signal cables Control panel— Main unit 4
Slings 4
Discharge pump Diaphragm pump 1 Air drive
Hose joint Swivel type, One-touch coupler | 1
Discharge hose valve 1
Suction hose 30m 1
Discharge hose Sm 1
Air hose 1
Air connector 1
Flange for pump 1set

(b)The Buoy System to Deploy the Oil Boom Automatically

Materials Characteristics counts Remarks
Buoy 340kg 1
Mounts 4 For buoy
Qil Boom B type, 20m 1
. Tow the buoy. Weld to
Winch ! the deck.
Rope 10<30m ) Withstand ‘load 1t. for
winch
Submersible Pump High pressure 1 3-Phase, 200V, 2.2kw
Rope ©6x10m 1 For water pump
Flange for pump 1
Water jet nozzles 5
Bracket for nozzles| 5
Branch pipe 1 For water jet hoses
Water hose | | Submergible pump— Branch 1 10m
Water hoses 2 | Branch — Water jet nozzles 5 30m. Mount on the oil
boom.
Hose band 1 set
Control panel Inverter 1 3-Phase, 200V
Electric wire 1 [ Inverter— Submersible pump{ 1
Electric wire 1 Generator— Inverter 1
Generator 1 3-Phase, 200V

(c)Other
Materials Characteristics | counts Remarks
Plastic tank
Storage tank ®150emxh90cm 1 |For recovered water
Plastic sheets [3.6x3.6m 5
Nylonrope |p6mmx20m 1
Nylonrope |@l12mmx10m 1
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TOSEAN, BEMOFEN 1.2kl (K7 A 6 AK4)
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Fig 5.50 Kojin 26th, crane vessel
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Fig 5.51 Loading goods on the barge from the truck
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el

Fig 5.55 Connecting the wires to the control panel of the oil

skimmer

Fig 5.57 Arrival at the test site
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AT 2 70T &0 BT L CRBE) L7, BRI B A,
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WZEE L7 (Fig 5.56~5.58).

1

Fig 5.52 Put the buoy on the mounts

Fig 5. 58 Fix the winch on the board (winch tows the buoy)
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Table 5. 22 Current velocity on site

Measured point Near the oil boom Near the thruster of tugboat
deployed 1 #2
T running the | running the stop the
situation stop the thruster thruste% (1) thruste% 2) thmpster
Vx (envs) 8 40 120 10
Vy (cms) 20 100 100 10
Vxy (cmvs) 22 108 156 14

Fig 5.59 Setting of the buoy

Measured point 3 1

\@

Current by
thruster

YHORBETZY T, FEINTEAERVIRIT, W
HIE (Table 5.22, Fig 5.62, 5.63) DOfERNG LD
AN EL ASNRNE D RS TH 7. i
B A B T O R/ OiE 25cny/s & FlEI->TH Y, A
FHRENXA A N T — L O ABERIL D £ AT Tz,
M H D HE O BRRRINZ MR T 2 72DIC@h b ¥
TDAZAZIZKBKFEEN T2, X T DRATAF LT
THI 108cm/s DL % M T 72 1 [BIH THo 72 BIENIT 2
7.

MEFEAry b AXAF~—DAX L — 3 2o
WO, FE T WS 2 E R TE RO THM
WCHEKRE TS HMEEICE EDT. L LAaRND, o
FHEIZD D D BREIC DD TR B ORAT CRIfiE T & /= &
Ronsd. BN % Fig 5.64~5.65 (277,

[

Fig 5.61 Water jet

Measured point #2

«— Tug

Barge

Fig 5. 62 Measurement of current velocity on site



Fig 5. 64 Operation of the Bucket oil skimmer with rake

model

Fig 5.65 Scoop the seawater and discharge into the storage

tank. Operator is nearest man.

T il W P e 1
B

Fig 5.67 Returning to port
e)  HUINAEZE
UFE R EBRI T &2 B L TWRNO T, (G

7<, FERICMBICTE 2. BBREREXS A LT — 20T
RISV T O R DS DA A NT — L OHT Y 1212

RV =y MROBR—=ZAOWY 4 LICETFRB 157

THEI SRR R — R FHDE W 4 L & F & OEER T
THY, EOSAETH 72, BUNERICFE L b
v 734 bUE2 BT, MR O G B3E A
Wiz, Fig 5.66~5. 68 |ZHULEF DRI &R .
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Fig 5. 66 Putting back the buoy

Fig 5. 68 Unloading to the truck bed
(4) T2 IRETHER & B

a)  EIEHNT & (E3ERER

Table 5. 23 IZ{ESE WAL Z & ACRHAI U 7= (R3] 2 7R .
FZ v 7 Mo EM E~OREN, o7 L—rE A
TAT- 7208, VR 30 042800, &< MRV,
HENEBEXA AN T — LOMIIT 1 FE 1S 02 L TR
v, BO(EERE) B AT ONES & PR DR, EBe
DM OREICET DM, AT =2V =y bK
AR —A%ZEET DM E, ZDFRII DR DB



Sz PR OMSLIT R ER 3 2 < e <,

SHCHR & R —RAFORERDO AT, T 24 3 TR o T2,

B OB B Z RIS LI 1T, F—#
JVTHRI2 IR A BE L 72,
Table 5. 23 Time counts of each work unit
Preparation
Work units start | end | time

Loading froml 950 9:48] 028
trucks to the barge
Building of the 9:50| 11:08| 1:18
buoy system
Building of the oil |}, 5af 11351 .24
skimmer
From depature to 13,51 13.08] .28
the site
Operation First day Second day

start | end | taime| start | end | time
Fixing the winch 13:36f 13:45] 0:09] -
Setting of thebuoy | 1551 14.00] 0:10] 9:36| 9:45 0:00
system
Trial operation of | -y} 551 11501 g.15[ -
the oil skimmer
The oil skimmer st 1048l 0:03 9:44| 0:51] 0:07
operation (1st)
The oil skimmer -, ol 14.51] 0:03 9:51] 9:57] 0:06
operation (2nd)
The oil skimmer ) 1154l 0:03] 9:57 10:03] 0:06
operation (3rd)
Hanging up the

14:55] 15:03] 0:08| 10:26] 10:30] 0:04
buoy system
Removing the materials start | end | time
Dismantling the buoy system 11:10f 12:10] 1:00
Dismntling the oil skimmer 11:10f 12:10] 1:00
Unloading on the trucks 13:00
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L—3 3 NZOWTEEBRICHZ BT 5 b TiERn
TEDDFERITRL, MBEICHEAKERE ST T
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Table 6.1 Characteristics of the developed skimmer

compared with general skimmer type

A oil |oil Effect |Effect | oo
. Oil Type of
Skimmer type (viscosity) Recovery |Recovery |of of traini
Y Rate Efficiency|Debris [Wave rammn
1.Wier low high low high |high |yes
2.Fixed submersion low-med. high low high |med. |[simple
plane
3.Suction low-high high low high |high |yes
4.Cylone low-high high low high |high |yes
5.Rope mop med.-high med. med. low |med. [simple
6.Drum low-high med. high med. |med. |[simple
7.Disk med. med. high high |med. |[simple
8.Belt, brush med.-very high|med. med. med. [med. [yes
9.Grab bucket med.-very high|med. low low |med. |no
10.Complex low.-very high |vary vary med. |vary |yes
11.Net conveyor oil . .
skimmer with the rake high-very high |med. med. low [med. |no
12.Bucket oil .
skimmer with the rake med.-very high|med. med. low |med. |no

The developed skimmers are 11. and 12.
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