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Development of Apparatus for Testing the
Oil Content Meters

By

Koujirou YosHIDA, Sadahiro NAMIE, Kenji YAMANE,
Satoshi TsusHIMA, Michiaki IKAl, Shouichi HARA, Shinya HAYASHI,
Kenji Taca, Katsuji YAMAGUCHI and [zuo AYA.

Abstract

With the advance of marine transportation, serious marine pollution due to drainage
containing oil from freighters and passenger boats became an important and urgent inter-
national problem. Coping with this problem, the International Maritime Organization (IMO)
proposed the OILPOL Treaty in 1954, and through several revisions the MARPOL 73/78 Treaty,
in which oil drainage is severely regulated, was adapted at Marine Environment Protection
Committee of the IMO. In order to observe the Treaty, Japan was required to conduct official
tests for check of the performance of an oil content meter which is demanded by the treaty to
fix in every ship concerned.

This report deals with the research and development of the facility to supply standard
mixture made of oil and water for use in official tests to such oil content meters. General
performance of each type of oil content meter to have been examined by using the facility
developed at Ship Research Institute is presented. And some unsolved problems concerning oil
content meter are also discussed briefly.
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0.8

Total Flow Ra
Type of Oil
Initial Conce

te 5 ¢/min
Light Diesel

ntration 100ppm

CONCENTRATION RATIO TO INITIAL VALUE

0.4 F—r——2x
W\(Z) Glass Loop
0.2 {0 SUS Loop ~O—__ ]
o - N
N I s S S B o
0 20 40 60 30 100 120 140 160 180
TIME (sec)
* -5 AR
o '
o l\F'O’\“—’O/v()— ]
(3) Damper Air Volume 10mg

Inner Diameter
of Injection Needle 150 u

W\';" S

Period of Rollers

‘ Deviation 3.0%
Fluctuation Range +4.7%
O 6.2%
fﬁ,o——--;glx
-~ X (2) Damper Air Volume 1~2 mg
g Inner Diameter
& L of Injection Needle 150 g
= i Deviation 9.8%
2 i +
£ 20 Fluctuation Range 6.5%
o -
&=
o | R
2 AR
© ‘
.18 L
S

(1) without Damper
Deviation +0.7%
Fluctuation Range + 30.0%

!

5 Total Flow Rate 5 ¢/min @ Measured from Flow Rates
I~ Type of 0il Light Diesel ¢ :
0il Injecting Punp Roller Punp O Grat Sasple Analysis
Type of Loop SUS Circulation lLoop
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THRBEZEBECEESEZIRS> >0, M-9 13
CEHEMDBEBLH IOV THIBAKAER Y ZLIETE
BRI T AHE LT ODT, HMOMEMNE <,
O—3 « RETHERTERBID, 770V v « K
CTERERL, SNl RBAK T AF AT EAR
0.5~1.0mm OIESEOMAELE &2 i, X,
HER(1)1% B2 505000rpm,  #i%R(2)128500rpm IBE T
HY, HIETEIEHMENIT% R ORE LD, BE

20

-9.6%

15[ O nge O . Deviation

= - vy 4 - <O" — Fluctuation Range [ +4.1%

g ey ange |
-5.52

: L (2) Total Flow Rate 10 ¢/min

S s

=

=

o

= O ~

a3 - '* R S

= perg

8 10}-- Deviation -7.0%

= (1) Total Flow Rate 2 ¢/min Fluctuation Range [06.71

=)

-8.42

Type of 0il Light Diesel 0il
0il Injecting Pump Roller Pump

5| (with Air Damper)
Type of Loop Glass Loop

~®- Measured from Flow Rates
-O- Grab Sample Analysis

L
0 10 20 30 40 50
Time (sec)

H-8 WREDOR




20 '
/N
¥7~A§?. ﬂzkf—

8500 rpm

15
(2) Mixer Speed Deviation +14.02
_‘ Fluctuation Range +14.02
§ L - 5.82
2 20f—
a
a
&
: P
=3
= ' :
ol J
R W ey P2y
= z
g T
8 (1) Mixer Speed 5000 rpm Deviation + 4.9
= 10} Total Flow Ratc 10 0/min Fluctuation Range +22.0%
3 Type of 0il Bunker C 0il [ 5oz

0il Injection Pump Plunger Pump
(with Tube Damper)

Type of Loop Glass lLoop

~®-  Measured from Flow Rates
~O- Grab Sample Analysis

L ‘ L L
o 10 20 30 40 50 60

Time (sec)

H-9 #WIRAFEORE

TIX20%FRE & OREHESBL L T, Ihid,
C EMM»EMETH 2 72 DK T A PRI TIIMDITE
ML S T, MR TORESAORD (CREET S
TENEHE TE R kbbb tELOND, Thbb,
15ppm DEE DB 25m OFREGEIHIC T & L
TEHENDHDOEIL0.3Tul TH Y, —FFREH200k,
400x, 600x- DKL 1 ADAHFEIX0.004 £, 0.034
#0,0. 11300 oo THd006, Zhs {EOERE L
ZmBECchHE» 3EERERERN, 1.1%, 9.1%,
30.1%:--- DRESIIHD, BlEICL % & CEMDE
£8500rpm D iF A [BIERE T & 5006 B2 FE O ik H37E
TEL T T I ORFORIGEENE T c /- 2 70 IBAT
LE DML - THSTEITTFEEL SR T2
JEicr, ChABREEEO—OOERIZA > T
BHDEEZOND, BMOBEE I EEEAHI3000rpm
T b B L S L A 5 TRARE L 100uA T TH
Ll PEOEEN C EHIECEECHEAR VLD
ERbhs, 7., HEGRHROEREMEtNIET
DEELHLEENSLSTHLIELARETH %,
#E, CEMOLEIIEMmEER, B3 AN
BAH33000rpm TIE K & 72 b D EWNEE DO H HHE
L <, 5000rpm, 8500rpm D3FE I b RHEEFKIC
# 7 AN OIEAER 7% AT E I L 25N E
Haft,
3.3.6 HEEBRCTORE(TER TOERER
)
BEZLICKE o EL2RIZTTER L L THERSR
7O SE Z o S, KERTEO -5 - K

9

ST, )Y e R TBEUT TV KU
DVWTHH L, U—F « R 72 O0TIRT TIZH
AT ER Y TN T 2 REEEOERF
HER L7 H-10I 3B DB E I D T A R
%3000rpm & L, # 7 ATERFKE L UOERS >0
Lo TEEER L 7B ORERE5ppm B L U100
ppm ST A BEREE R LD TH S, 6D
WERpoO—F « ROTEFEALLBESELEER
&b EICE - TI5ppm TY9.6%, 100ppm T5.5%
BEOEENRICK S ZEnbhb, 1272L, u—3 -
Ry TRERT L F -7 2FERAT2EETHL D
C &Elm7z YOSk Ems L OBl & OBRIKS * %

KEDMCHT2HEHEEL TRV EEZ >N,

B-11133 ) > ¥R 7OHBEMES T LI 6D T
EENMEN RN & &, BHEHS 1 ~2 0 BECELI RO
WREIH S5, Zhid, HREBERENC L D EEE &M
HECHLUADEEREOILS D X RHEHE L o 5 B
B SEBIESCERNL TAEL 260 EEZSND
», ERBOIRENIZ B ICHTICRA B2 ORETH
ZF OIHIDREETH 2 O AREEBROBRNICHEH T 2 ¢
BRy 7L TEESTRWERbRS,

—F, ForY v e K FIEER N OFEEENC
Lo THRMT 21-OFKRMBORENKEHIZTTH
205, FED 1 R L DL Y A nikic & -
THRNES Y —2tmFEsfBon s, 72, #
I L > TIHEEWRHESS S N 5 7 okl
WL CHHRATE 2, K- 123 8mc>n TRERE

120 l !
100 {&E\O}OAILW O'il’ —

Total Flow Rate 5 ¢/min Deviation +4.5%
Fluctuation Range +3.2%7
-2.31

80t
20F

. -
- ;
-
-4
: |
&
=
2 15 . O~ On O
= \?_)cr
=
= Total Flow Rate 10 ¢/min Deviation -9.02
% Type of 0il Light Diesel  Fluctuation Range[+4 1%
S 10T 0il Injecting Pump Roller Pump -5.51
= (with Air Damper)
e Type of Loop Glass Loop
Mixer Speed 3000 rpm
st 1 |
|
-®-  Measured from Flow Rates
-O- Grab Sample Analysis
il L 1 1
0 10 20 30 40 L 60

Time (sec)

R-10 o— 5K 70k 2Bt
(587)




10

(m¢/nin)
b
P

j«ﬁ**

Fluctuation Caused
by Friction

OIL FLOW RATE
o
o
-~

Fluctuation Range  +25%

0.02f Type of 0il Light Diesel L-182

Oil Injecting Pump Syringe Pump

Time  (sec)

Y YRy FOmEE

120 |
100 qm_oﬁjm#n; = o = =
(2) Total Flow Rate 5 ¢/min Deviation
Fluctustion Range .7 5;
of | [ e
~
-4
E 20
3 L.zo,_m”o‘ Pe
E - Mﬂ;,«o
=
& ST (1) Total Flow Rate 10 g/min
2 Type of 0il Light Diesel Gil
< 0il Injecting Pump Plunger Pump
= (with Tube Demper)
S 10 Type of Loop Glass Loop
Mixer Speed 3000 rpa  peviation 7.4
Fluctuation Range +5.7%
5
~0-  Measured from Flow Rates
-O- Grab Sample Analysis
N N "
o 10 20 30 40 50 60
Time (sec)

X-12 75> Y v Ry 7OEERE @)

15ppm 3 X T100ppm iZKf§ 5 7T ¥ v « K7D
BEEEETRLLELOTHD, MEAFICHNE. 15
mmoObLDEEG, ERITLF2—T7%25 LT
AL TWwS, MAuR& 3 & 5 1215ppm DR ER
FEwzxt U C11.4%, 100ppm T3.9%RE O ZHEHF
shtc, BiicxL Tidu—3 « Ry 7 e EREOHE
BENBo NS 2 Lasam-oicnd, C ElMM O B
YT AFERAERTLET TV v « KUTHERL M
LTwseEZoh35,

X-13, 4Z 77> Vv K> 72FHL-55D C
Ela S N AL FEicB T 2T 2F D
0T C EHOBE I3 A BEEH#8500rpm, A. L.
B DBHE123000rpm & LT 5, CHEMA S TIC A
L. FHOBEIIEmICHRTEEFHEI AL, #0%
fls5ppm T19.2% % & U31%, 100ppm T4.7%% &£

(588)

120
100

Total Flow Rate 5 ¢/min Deviation +9.82
Fluctuation lange +1.6%
»3 1z
220 S l\
e
=
S E V4 O\ oI\
<o/~ o T i i
2 154 el o
= =
&
2
8 Total Flow Rate 10 ¢/min Deviation +8.7%
- Type of 0il Bunker C 0il Fluctuation Range [ +8.7%
S 10| 0il Injecting Pump Plunger Pump . -10.5%
(with Tube Damper)
Type of Loop Glass Loop l
Mixer Speed 8500 rpm |
5
@ Measured from Flow Rates
~O- Grab Sample Analysis
L " I

0 10 20 30 40 50 60
Time {sec)

H-13 75o vy Ry 7OEESE (C B

120 .
- < | oLy Ly - ——

100 T
Total Flow Rate 5 ¢/min Deviation +2.1%
Fluctustion Range ;+3.0%
80 (Coz
Yy I
o | |
a
: P
~ \
= \ - }Jl ;2 _.}l.l' -
= ) N\ A
& 5 o~
=
&
=
=3 Total Flow Rate 10 ¢/min Deviation + 8.9
EERT Y Type of 0il Arabian Light Crude Fluctuation Range [+17.52
=) 0il Injecting Pump Plunger Pump -13.52
(with Tube Damper)
Type of Loop Glass Loop
Mixer Speed 3000 rpm
s |
@ Measured from Flow Rates
-0 Grab Sample Analysis
L ' s L
0 10 20 30 40 50 60

Time (sec)

K-14 75> v Ry 7OEEEM (A L FH)
PT%ER>TNSE, Zhid, CEBOES, NED
KERFEASEFEHAL T3 0eHEHEIC BT 28R
EKREL B L, £, BIEITHRR LD ICHIZ
AL ABHMESREETH L e bDko EEZS
b, —FH, A. L FEHOBEC O WL TITREEM TR
WitHE Y FRGPTMIEZTATEBY RSO S5
HHIEMNFEREVEZONLZVHL ML TR,
3.3.7 THBRANEN : v RURBBHBED
B
Hif & Clzif~ e R EROFEN NRELH OB
AR R B 5 EIRD & 31255,
D ¥, BENEOMESLOEEIBEHOBED




1813 A EEREA3000rpm LI ETIRIZEACHEE
S, CEBAE Y TCHERBIIARTHETY
ETBEhSEL S,
2) ENEABIEWEANOEBEORD OFRREICL S
rTeDERAECFEEYET 5,

—FH, BEMREEE LT,
3) HMBARAHCBULERITICLVEBIAYESL
BT 2 L EFFICHBENOFRIC L - CEBZRE
B—1tx i n b, 72 L, BEEAKRESLLTELHIC
& AWM DI EET 2LEND D,
4) FHHWEOEFIC YV SEERRT 2B LA
Ry Z7ONREN 2 IRINT %, DR, SMELIC L 2 8%
EETLLEND D,
5) WHREIITHIROBME Y 7O ER TRMESEEL
LA EICR D,
6) HIZATNIMBORESTFTROKRE L, Fruz C
EHTRENESKELL SR EIEET 5,
7) KA TEL TEBHICL T -5 - Ko7
ETT Vv R TWEBEOMHRERET M, &
ik, FEMCNTR2EREEZLE ST Yy o R
CTMEREEE L SN S,

INoDERGETRTEELIRBELEEZ SN
HECEEEREEE IC L ) RIFMEENE 2 #Ha 4 2 E5
I, BEOTERSE 2B R K15, K16,
B-1710R ¥, K158 DV TR EEE 15ppm,
100ppm (239 2R 7R L 72 d 0 Tl5ppm T11%,

120 {
00—t g~ |
(2)Mixer SpeedI 3000 rpm
80 T Deviation -2.02
E Fluctuation Range +1.7%
& 20 -1.42
Z
<]
= 15 ~— 3
&
=z Deviation +0.92
2 |()Total Flow Rate  10g/min Fluctuation Range +6.51
8 10| Type of 0i1 Light Diesel -4.52
2 0il Injecting Pusp Plunger Pump
o (with Air Damper)
Type of Loop Glass Loop
5 Mixer Speed 8500

@ Measured from Flow Rates |4 0il Content Meter
-0~ Grab Sample Analysis 1
1 1 1 1

0 1 2 3 4 5 6
Time (hr)

X-15 REFRMHEROBERNE (BH)

11

100 C— =7

|
— ——
1

|

|
(2) Total Flow Rate 5 ¢/min

80 ! I Deviation +4.6%
Fluctuation Range +4.1%
-2.82

(ppm)

20 4 |

+
Deviation +2.0%
Fluctuation Range +10.7%

o -11.32
ey —iL
| ™o

(1) Total Flow Rate 10 ¢/min
10 }— Type of 0il Arabian Light Crude |
0il Injecting Pusp Plunger Pump
(with Air Damper)
Glass Loop
8500 rpm

OIL CONCENTRATION
&

Type of Loop

5 Mixer Speed
|

-® Measured from Flow Rates

-0~ Grab Sample Analysis
1 1 L

I
0 1 2 3 4 5 6
Time (hr)

R-16 REFFBHEFRFOBERHE (AL JHil)

I

120 } —0—— 4 !
1
100 ‘H/ﬁ_l* S
(2) Deviation +11.4%
Fluctuation Range +6.1%
E 80 } -2.92
a
&
= 20 I !
5 AN - |
g . A o
e Dy
&
g 15 :0/ e —*
2 Deviation +18.52
8 Fluctuation Range +12.71
=1 (1) Total Flow Rate 10 ¢/min -16.2%
O 10 -  Type of 0il Bunker C 0il
0il Injecting Pump Plunger Pump
(with Air Damper)
Type of Loop Glass Loop
5 |- Mixer Speed 8500 rpa
@ Measured from Flow Rates
-O- Grab Sample Analysis
1 | 1 1 I

0 1 2 3 4 5 6
Time (hr)

®-17 RERHHGROBRERE (C Hil)

100ppm T3 1% DEENMELF 5 1z, T HIER-121
TR L AR N O EEE L 1IZIFEREOHE TH B, A
L. Fwis L oEmex L CikX-16, B-171Crm3 L5
W215ppm DFE, ThEN22%E L 1929%, 100ppm
DFFE T % B L VI%BIEE DEENELE &, WS

HERTE-13, R-14 L IZZEBREQEETL, 24

BINCEM L D ABESKE (Ao T b,
(589)




12

F-3 3EHMECNT 2 EHREOEE—BERICE &
b DThHb,

%E, Fiz CEROBE, M1TCRs0 S L1,
FLEILHEIAIE L MTEE D 7 h 2 h o FI9ERIIC10%
PUEDRO BRR SN ZH, REEOHFHETI3FEERE %8
BT B EBTELRDS T,

3.4 ASBESHHAERERERE O RE

3.4.1 EBOEE

HEEEREEIC L 2ERERY b &0 L TEHERE
BEOBELYGD 27D LELRASSBRAL, &)
B G SEE DB & ICER 21T 72,4~ 1813 #
OBIED FHAER E R L2 b O TH D, #ME X O
EOHBEHHRERTITEAR L 2 2 BBOEE - HK
EE- 1 OERERER & IZIZR—TH 5%, ELHE
EHEBENT L ERODEBD TH B,

1) RS 7Ry Y o SEEICTEREERAL,
SR UVFHROREBILL > THRBRROEN 28585 2 &
W& DAELOFE LT 5 L ERRC S L SR EE
BRI U TR REL L7,

2) EHEALICHEOMGESS 2 A, FESES
HWETTS 2 82X - TRtEROBEC b i

%3 BELHE-LE
pem O | o | CEm AL
15ppm 11% 29% 22%
100ppm 3.1% 9% 7%

B HBEBREA/ NS B LD ICEE LT,

3) RO EHRME % 10~20 ¢ /min, FAEFETTREE
%400 /min £ L, %70, WIBEI210~65COEEDHE
ICERERIREE L7z,

4) BRARESEICE T DI A BEERIZMO FMH
F4IRD, RE8500rpm ¥ THOBITA T REAS Y
1o $12, BEY V72N T D47 7 ABERFIE
FRALEBRARSHREZEES ST,

B-18Ic BV T, IEKIIRES L VEE LA L%
MAOO»s#dsxsh 3, 72, Wi, REBREHIS
ppm # & UF100ppm OHFE L, HBHA Y F@» o EE
WMET7 Y r e R 7Q (M=EHBH0.2~2.2ml /
min, FAHHE200kg/cm?) 8L R T > v AHIE I
ko T s, ENE, BEERSY V@ (EHE

-18 i AKEEHEGFHR UG L E

(590)

() Fresh Water

@ 0il Tank

(@) Plunger Pump

J @ Air Damper

&) Needle Valve

® Injection Needle
@ Micro Burette @D Gear Pump

@® 01l Tank @® Premixer

@ Pump for Mass Flow (9 Secondary Mixer
@ Mixer @ Monitor on Test

(D Mixing Tank

12 Auxiliary Mixer

() Oil-Water Mixture
# Sample Point

@® Flow Measuring Tank
(® Fresh Water




BR-1 mkEETRHREREE
B 3 ~30kg/cm?, NEREI0ML ) 2BHL T, =—
FAHOTIHBERE I 2T/ L BIEAMO (FHA
0.15mme, & ih F0.15~0.4mme¢, C = W FH0.6
mmg) H» SBIFABRGEICEAINS, WREZS 7
OE 2Ly @OOWEERE TEE 2 LE R L CE
Bl 24, 2O, BEMTHRETTEEL X 5 /il
Ry NOAIC BV THORED &% KOBEELICERL

LTEaLry hADOKEOBRFE L THEL T3,
77, BEREH1000ppm FRE ORI O HkG ¢ TTEE
BRESICHMY L 7@BLURET TV v « K2 7@
(i B & 2 ~34mf /min, HHF f720kg/cm?, T HE
B) b2 Tn5,

BILARGIMITIIABOL BHRESTHEOL V1
Bah b, BIZABIERERCAVWZ LD LFE—D
§—t >R 2 %4 (EE50mm, [B] & $3000~8500
rpm, H170.75KW) T O, fEBHE & HiEE 12 A 25mm
DA 5 ABTERTCEEY > 7 (5HE3 0, 100, 20
0) BXURBBIZAKD (77 42y B 22T
Wb,

BJ—RE U7 KGR & 18RI B O - S NTE 15
mm @7 7 o > BEREHAEOQICR L GERBEE
Batd 2 VIR T NS HHRBET ST 2, B,
IR EQ R T TR 2RI 2 £ & b
WAy 2P ko TR EEEY > 2O
WLa—Feril ko> THREEOHZITH, 48,
AEE Iy 7YI0 #a 2 koo HEREBERT Bk E
BT 2 2 D OB BABIEW® L & I BRI &
A LEBRRBRETO 2005 > 7B L UFY Ky 70
BERIT TV 5,

3.4.2 BESRFROBENM

HifTOMEEE IC L &M, A L R8sl CE
mE RO EEEI5ppm, 100ppm 12 DU T EFFHER

13

120 | i
100 — 4 —__&—-
I
1) Total Flow Ral 10 i
E 80 (1) Tota m: re O/nin Deviation -1.7%
a I | Fluctuation Range [ +1.5%
- R
20 | ;
=
g
L
Esl e ey g8
2 | I
g _ 1
o (2) Total Flow Rate 20 ¢/min !
© Type of 0il Light Diesel i
& 10{— 0il Injecting Pusp Plunger Pump I
°© (with Air Damper)
{0.15¢ Needle)
| Mixer Speed 8500 rpm Deviation A
s i Fluctuation Range {§5.32
—@ Measured from Flow Rates L-4.02
-O- Grab Sample Analysis
| { 1 | L )
0 1 2 3 4 5 6 7 s
Time (hr)
®-19 \WHOBELAERNE
120 ; \ |
§ 100 7W
- (1) Total Flow Rate 10 ¢/min  Deviation -2.02
| | Fluctuation Range [+4.0%
g % I i | 1-3.52
=}
g 20 ! |
Z
8 — 0\—49—\‘&?:9:"97‘
oS - —%= - = —e |
s (2) Total Flow Rate 20 ¢/min

Type of 0il Arabian Light Crude
| 0il Injecting Pump Plunger Pump

(with Air Damper)
(0.4 ¢ Needle)

Mixer Speed 8500 rpm
| ) Deviation +3.92
5 i ‘ Fluctuation Range [*9~51
@~ Measured from Fiow Rates s
O~ Grab Sample Analysis \ l
L L L L |
o 7 2 3 4 S 6 7 8
Time  (hr)

X-20 A. L. JFRihoBELRER%E

FHE & 6 4 2 EBR AT ORMBE O EEFE 2 H~<
ToAER R K-19~-21aR 7, X, A3 SRERRYE]
ERLTHEORETHEREDERET>Tns,
I Z N ZF OB FEECH L THREHEE L ko
o EEAEEE - SHEE AR L TE Y, WEOFY
REFFIDIR D B8 & O EXBE 1N 3 2 ST ENE
g 8P 5 FicE-4CERL TS, ALK
B LU C ERIZEmICLENTEEIELS K & < X-13,
[X]-140) R EIIE & BIRE A &7 L T % 08, 258
TRl B4 1358512 15ppm (23Xt L T13~14% & » 5 72
EwA L, HHEATEL TWw2,

(591)
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120 i % 4’
_ (1) Total Flwl Rate 10 Q/Tin ::::::‘:‘l‘m Range :: :;
g w } i p—— 332
20 | |
: ]
]
2 (2) Total Flow Rate 20 (/min
§ Type of 0il Bunker C 0il
= | 0il Injecting Pump Plunger Pump
g8 1 (with Air Dasper)
(0.6 ¢ Needle)
Mixer Speed 8500 rpm Deviation 10.61
5 f— ”"Jf | Fluctuation Range [.1..51
@ Measured from Flow Rates .82
-O- Grab Sample Analysis
l | | | 1 |
0 1 2 3 4 5 6 7 8
Time (hr)
®-21 C EMmoBEEERT
-4 HEARBROBRELEIE
e O g o |ALFH| CHE
9.3% 12.6% 14.3%
16ppm 1 (—173%) | ( '3.9%) | ( 0.6%)
3.2% 7.5% 5.5%
100ppm | (_7779) | (=210%) | ( 5.5%)
o 10.8% _
1000ppm (—9.2%)

(YN, FEEHEBREIINT 5 SR ORE
FIHEDRY 2R T,

X-20, 2112 BT —EHOHMTBE ST B HEEBE &
DEL Z->Twn3, INIIRIFHEAEETBOKR
whowEBLrEbh, RBERFCELLI2BME Y b
O A DOERRBRE RN T 2 2720 ERIciHig s h
ZHWENSI 7ot ary MK BETHEIEL D KEL
nohtrvEEIOSND, JOEEIEOE Y C &
DOFHFCREMICH > THA TV S, ZOXE
ELTIEHER Y BB L O R EA L B
RBEEESZ VLI EBORBE2ITo 12,

%nB, LEKEBEICOFEBUMNMIFCEHEHDS
&, SHTBEIREEEBE & 0 EHE T10%MUEXR
B3 I LI EBEEREEIC L 5 REHERRT
EER S Nz, JHIMEHAE Y b (K-18Q) MosHs &
VK THEEEHRB SN TREIEREL T 2851,
PRy 7 THERS T BRy AP EECE DR

(592)

HLWBBEL TEOSE T EBOMEHEL D 2 &
obtaly hOFHAEINS S RS hEEZ LR,
ERTIEIOEREE L,

S > h—D8 > 7 HEKextR L+ 2 HOEE
gt Tix, 1000ppm BEORBE R 7V Ay — 1 E$ 3
E0%n, 22T A L FEHEZOWTRPRETSS >
VreRr7 (K-18Q) #EAL, ZOEHDBEIC
W EEEE R AN, TEIEE L U ODBEF
BEORD I3R-4 R TED Th 3 . LEIBIIMOR
EERELERETHINMRY BETREL LTS,

B-22i38ms L O C Eic oW T, MRERBRERE
DRIZAEM B2 TR B S EOMBIES A 5 8
HMLLDOT, BEENR LU SREUT OIS o
BEIE T M BRERR LI FR LT 3, KESHOH
EHEE L THFCHEZLE A Tw3, &E,
Moo EEMEEZ ICL 26D THD, AIEHE
S BEENETRS LSBT hid e, RifE

OIL TEM. OF FLOW RATE MIXING COND.
WATER PREMIX PRIMARY
(1) LIGHT DIESEL 20°C 20 ¢/min OW x 750 W
2) ” ” 10 ”
3) ” ” 5 ”
(4) BUNKER C s 10 150 x 150
(5) ” ” ” 0 x 750
(6) ” ” ” 150 x 750
7 ” ” ” 750  x 750
(8) ” 30 ” 0 x 750
) ” 40 ” ”

BY MICROSCOPE

Smaller than d(p)

ACCUMULATIVE PERCENTAGE OF OIL VOLUME (%)
\

1 ! N
10 20 30 50 100 200

OIL PARTICLE DIAMETER d(u)

M-22 kRS




F—AGICBIIABOE T OBEINE L HOKEDET
EEDINES LB >Tn 5,
3.5 F&®
EREEOML S ICHRERE XL, MAREHERE
WA RRBZEICHIE T 2 FE D0 TEEERREE
(M-1) wkastaiTy, SEOBEEHERELE
BT U7/ E3 4. 1 TR & D B O W R A D38
ShekD, ZORE»SWMIEETHERBRESR
(B0-18) #F&Et - ®WAEL /2,
UE LT HRERBREE 12 B 1) 2 AR OB SR
M L TRKENCE- 4 (R LIERENE S L,

4. D BEFHRERROEKR

ERCHEE T 2 mMBER OMREREBRE KT 51
WicH, WEEFTO—MRRIERER, MNERT CE
EEIc 52 s A HIER Y > 7IVKEIEEE RO EEE
ZHID, FHEBEICS 2 28K TFORELFANLLE
BhH b,

41T, & TBEFTTO—KREE LB O T
WIS 5 L dhio, AR A RV TIT- BT
DOEARFFME L FESORFHIC O L TiRR 3,

4.2TH, EMCBIT 2REROAERR L, 2%
b &, AT TER U 7 BOE R R E W
TEBETHRBECSEZ 2B OLTRILEZ DI
DWTkR B,

EtnD4.3T1E, BIRAGEATRHER & U TEMBL 2m
DEETHEERBODH S 2 LIZOLTHENT 5,

4.1 HPBESIIOVT

4.1.1 —pRIRIB

BRI 21T Hk e LT% < OBBEL s
WHEDS 5, A8 s N MEoms & HExt
RETHEER, BRI > THS EHE LYERC
ERT 2 HE, BLUREHMTEIDLER > T
%o AT, HEFFEHRHEIA TW 2 BESORERE
DB TOBMEE RN,

(1) wHdis JIS &)

ARAUCIRIE T 5 % F IS FHTIC & - TEHEIT 5
HEE LT, HRIESK JIS) cHlEsn s
DTHbB, WMAEECHRKEER  HIBIRARS
L, MDA EBERNCIEL S THEE L BImEAL T
BRI ZERSE, BooMaOERE 2T 2 HET,
BHIELTn-AFSUBHVLRTWD, JO AT
kM SILS AL T &M, e+ 2BHE
BHMOBEENIHEEMBIC L > THEFKETLE, F
W EEMS T n-~FH BB LIZS WL DD

15

BIESHREETHLEREDORENDH D, L VIEVERE
TEEL, BROOBOBEI2ERT 2 HEREDH
BHEZ 5N TW5EH, WKL THIERERS %2
BIE T 2 5E5 3% BORBAKOMENENLETH
2,

(2) Ko

KAk O E RV, WS & B HDER,
WY, BEL & Vo RN R EE 2RI A L CEE 25
HT25DTHY, BOBHFEREOEEICE>T
ROESWHESN 5,

O B E

M EEOHALF % L8 E A SIRIEILERE VDD
% (Y] 235, ZTHIBERE LR TFORE T
MELSND7-DRELCLBRTHY, BERFIELT
EHRBRREEDHT LI EDTES, —RICHER
EEND IS DB EASESE S L, BB
BELEERET 2 L b CEBRT 2 X0MS 3T
%, ZOBE, AFOM ST 5 —ERMEEE
DEBHDES DR FRICL > TEE 50, 0D
CEEFHEL OB TFORE*TERT 2 HERY (B
Eik] EFEATHS,

BEE TR EKEH S8 5 2 &k L EHFC
BEOEENHFKLH, FORHERE ISR FO
%, HPARKEHROEHE, H2vidkdictET 50
PEERFRECL > THELZT D, T, EE
DFFENCE > TIN5 DBERICH T BN ET
b5,

@  FRIMR B SRR

WE L Z DRSS TEFNFNEEORE
DORERIL, EEORINA X2 bV ETRT, SO
REROERIEE H 2 EICED HBE, AFEICHT
5 FEEH DM E DFIEWERDOBEICL > TEESZ
EENRALCMESERT 5 HEY [TIGE] LIEA
TWwb, HEE L TIE—MBICEEM3 4~3.53 7o
OEHEDOTRIMEDE v o, 58, IR
Huesh s,

TRAMFERIN T OREE DO 2 L 5 8 % Hmhy
R L, £, BRELBOLLCOKBE O
WHETEEZONSE, LHrLAHS, KAMSDE
BB L 2MEBLERLDETHE I L, 2512
5 LD (LRSS 2 B o — 3O REE NS GhR
BAD DX 5, RA—FERSICINES S OWE»
HET 2545, FAMNFHHBEECRSZ I En TNt
TENNRPLETH B,
® ®WILEE

(593)
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HACEL RO EZEH T bW [%#
Kl 2RTIHEEOMEN-RICEENTHBI L%
FIHL, COBXOEEIYHEECLH>TEEL I L
DOBEEFERTLLDTH S, BEDLRE L TIEE
BESMESHL SN 5,

BNNEELBENE L, $-HEREELELL
U, HMOBEI L - TRET 2BOBRECHE
DBEAT D700, WNRE T LHOEE I L CBIES
BThb, /2, BNAERTIPHELKELHET S
CEMHEEE kB,

@ zofhoHi

W R LFRICERT 2 COD i, i, KoEER,
FEEL CERNREOZEFBT 2 AERENHD,
BEZFICRBEROREICHVLSA TS, T
NOFEFHREARE L TS AickE sz
DEREFHET L EEHIC, BESERREIBTH R
BER2OTT 2 HE8DH 5,

4.1.2 MAMDREST

AR & L COMmSBET I RicHoBEE L
KBRS > A —DNT R bR EDOHEHAI L
TERsN D, 20k, FHENSRE LT, Rk,
B, BEBRMAL 0% OmE, I i AkPIcE
Y 21D TRIEE 2 S1000ppm 2 #8 2 2 LB
RO EBE L2 LT S 20,

Fie, TS OB AT 38 B R EETRE Y
NEBIZEENTEY, LHACEHOBRACLE-T
Wb AA SV IN TV EEELHE, IO
IO REFIIHL TREL OEIEL STV D,
SHEARC L > TR ERMICGGHIEZE L 22580
D, ThZThOBBEOFERRFACO>LTR+SEES
O BERD 5,

—7%, [MARPOL 73/78%4) RUZhicEDI<E
Bt —a R [A393(X) | iIo B WL TIE, WS BER
RBINC, QL VAT 5 15ppm F (5B
wapatEm | QEIL < EA Y AKESR E L7 100ppm A
O [HHEEERSIEREE | 1o& £ h M5 EER, B
LU, @ryF x + AKED1000~2000ppm O ) E #FH %
A2 [HEEHEEHIEEE | & n2moREst
UTFOz TervE®gRE], @ lerye=¥5], @
(NS AMEZS | LBHTS) CHEL TWL328,
zhoiznihbERESFRISERICZ->TEY,
U bEHERDICERM 220 KRB EREL T2 5,

ChoDEEICIRAEIATL AR IBER,
BEHRL « ARARIE, HIREEEER B L U025
W& « BEMELETH D,

(594)

BER, XM TIEETHIC L 3HSOMEE (R
1b) EREERRLIE L LTIT-o T3 boa% <, HiE
EE L TIEERIRL B0,

1851, BB TERL-FELHEECONVT,
SHHIEE « BHEOBEESENT S,

4.1.3 #HRBETHOERIFMS
D HEBEET ORETEE

-5 35ENRE L HABEHOBEES L UE
BERLILDTHY, Zhs0@EEFICHEERE
G L B SO SRR EOLSEE % -231C " T,
FERIIEALVERBCTH Y, MIZREEE15ppm DE
HMEFEALTCWS, A—0REIC L »2rbosTZFh
FHOFHRFFEORETEHEERL T 5,

MO T LU OHBRERMG 22 B E & CRES
HERFERL-HER, -6 CEEL TRT L BEH
towsaBEEsAEG N, ZhoDS b, RER .. &
I HERIGE T 2 EE(D~3) D EEIKE, mhiE
I mitEmc L 2 BRETAOMETHY, ho
DBERNRIFT HE S EERNRE L ER A2 RIR
D
2) BEAKBORE

K-24ic C EWi%97ppm & R 26 L 71255
DENCBEFTOERMER %, AREHEEC L 5> TR
T, ZOBITIRABMECE SR I E T W
BEBEMET T 2EMERL TWa, Jhid, 58
DHACEEH AR O - o, KKRKER T2 CEmOk
ENE AP+ s RO RREEI 2 HR L
HESNE, JhERFckgrs L3848,
ZIRETERRERTR2ECTHEOD 7203, 2
NIFREI NI PEEORELZ T L0 LHEES
b,

3) mWMREOEE

B-251%, B-18DMEREEBRFEE IC BT 5 FHITAHE
@, FHEBIZAKDBSD 2 VI RIBIZABOOFS I
£ o THREKFOMBE 2 K-220F 0 B IZ A RIS

xr-5 fEmoBEEST
UL - BERE | 2othoRR
L | R 7 1 %1
S BER 2 1 %1
WZANK | R 0 0 %2

¥ 1 EBHRE - RAMRTOER
2 HRE - BRSNE
BEURAL - EoRELE
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A~E Type of Bilge Alarm (!5ppm)

A

o]

an

20 |
‘SW

o 'II

OIL CONCENTRATION (ppm)
5

[ 30 60 0 30 60 0

30

60 0 30 60 0 30 60

TIME  (sec)

E-23 Y BRBOWTHETRE]

-6 WMSBRESOEMA LOMITHRE

& A W E R W
N i LB AR

1) AR £ S RETR WL L 2 AL RO R
WEZ (G £ 2 RO R

(2) S, SEEMEIC L 2 BE TN | RO R
L% O P
FLILAE, MEEOE

() W 5 ET R A ORLICEST £  EEOBEET
REEmA e & 3 BT EE

) TLe, BREE, REEAIORA | e

6) ALILBNOTEER ERET, AIRELOTE

6) ERSETICRT bR CETT

(1) BEE AL A

) EEEERED 0 525 REHEOEL, 201

9) FHEIL AR

WIS 5 FNFADOFHED & S B E BB ACT
LT, Bons _fEoRMROHBHIHERLL S
DTHb, EHIETFRBALFICRBIIATH N
EoTwd, Wihd ERITADADIERME & Bini
Eixuwh, RTFEOEICH LGB RI L -
TIHRETCEDOERSH 5 Z Eib b, ZBME
HBDHEHBKESETELTED, ZOFED
SFhTns,
4) WREOR
K-26iZMOREE 2 /85 A — 712 U, Bl R 2%
BB T AR ROEREER LD TH S,

SEHHO 5 HLREN L » B 7w F No. 1 T100% &£ 240,

Momiz C BEMcERZERFREAL CHRLZLO

ThHb, ZOHBETIEL v ¥y F No. 1 THI008 1L
FOXEOHMICN L TAICBREMMETL TV, Z
NIREOERIZ O, ALOBESMET T 2L
XrbDEEZLND,
4.2 MROREKEERNEE

421 ERIBIH»EERORERR

A SIAMCHEE T 2 KR O 2 BER T 5 7%
&, ZOEERHMBRE IR 258, M
BRPL SR LA AEEERICL > TEFEET
EARLZTNIER SRV, 2O, BEEB L UTER
BATIC BT 25 OHE, HAEOREE I L > Tl
SBEETC & 2 EHRESHE KR O M EE O EE &
o WAREENE Z Sh b,

(595)
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| |
I I

o
o

Mixing Condition:750W(8500rpm),100/min
20 0il: Bunker C (R.W.No.l, 900sec)
Concentration Measured, 97ppm

| |

20 30 40 50
SAMPLE WATER TEMPERATURE (<)

g

& (With 0il Heating;60C) v
a0 | v
a | v

£ v/

|S)

2 60 V—//

g ,_v'/ v

z // (Without 0il Heating;18%T)
— v ‘

E 40

g

8

z

8

=)

=

O

X-24 FHEBABOZE

K-27R UR-281c S EIEMFAE LT 9 b v ¥
VA — (FEM) OBEICOWT, MIMEHERERR
VBEAARRABE R 2R T 5, /2, £-TK
EWIIE T 2B BEHHAREEROREGEE R TR T,

ERMFERFIC B 5 BRDOEA L, R 7ED
Sea Chest BEE, MAHEHE &K BRI A HE R
HODZ+FRTH B, 2D BLMAFEHEICOLTIX
Frisfh a) OBHE, BEHERHIC A D Y T8 L 7 ADH
BRI SN THT, ZOFESEDT ¢ EFEH TR
BRI Tb A T %, —F, SuEMb) CIk¥ER £ 9
LOREICET & 0T w2 HEHE H O AT TEREHE
W2 ThbN T 3, PEHER TORBERIUL, HEHE
DKFEHIZ BT, F o7 v IELHEHEERD 1/
4~1/20%&£T, EOMAA» KT, 7203
LD RO SHBETASICEALTITS, 4> 7Y >
TEOHRKIEE TH 3, Y LEOWRRZAE ST D
FITHIZIEEETH 2D, IMCORHBIILAY 2 —F
VIREYTI, Yy 2 AROWASDEROANDIE %
B51L3 2728, RO TRICAG/I-HBDER, &
7oEHREURRr & L T, AUINBA Dz, FEHE
HOFANDRENL E03 D ETORMEHEREL T 5,

AR A X2 EMEITE KRR E*ET 22
S5TNIT IR, HEEEFEAL T, ENRIZ
1.25~25mm@fEE TH %5, —F, BE R S 13K FEHH
¥15m, FREZHHI 8 ~20m BE T, FHEBHF» S8
B & TOE SRR A IMCO OEID & 5200 (B
HEEOIGERM S TM) UTICR3 k5
ERYTBEEBEED TS, Lizai> T, BENHHED
HEEMEIZ 2~4m/s (Re# : 2.5~6 X10°) BELE
ZoNb, BEREEH L L TRIXERB)DY v —0sdh b,

(596)

tA)

z | |
E 15 O Primary Flow Rate:
& Light Diesel 10 f/min
Premix Flow Rate:
a 1 2/min
E Sample Water Temp:
E 10 |- ! 20°C —
Z Bunker C |
= (R.W Nol,900sec)
8 Primary Mixing Power
3! A4 V——y (W)
E 5 | | 1\\ 150
= ~y>350
8 ) 750
=z
8 0il Concentration Measured;!5ppm
= J L 1 L
© 90 200 400 600 800
PREMXING POWER (W)
(B)
100 Light Diesel —
O/ O—T1—0

£ o7 |
8 80 Q—— I
a
g Bunker C (R.W No1,900sec)
<
3 60 g—V \v/
a —
z V'/V
- I
Z
S 40 | Primary Mixing Condition:
B 750 W (8500rpm)
E 10 8/min , 1 Z/min( 2ng)
5 Sample Water Temp:
g 20~ 29°C
8 20 0il Concentration Measured;100ppm
=
=
e}

0 200 400 600 800

SECONDARY MIXING POWER (W)

X-25 #iTASIDE

COBEIIRIEA LV BET E ToBXBEEEL T
5720, BEFREKETER PV —L2RIZHBEL,
K7 7 A=l THEE TAE T2 HEE2E->T
Who Bk, THNSOREZPICEA M —FBLU
BREOERASMNBL TBY, ENEYNTBE
BANOENORIBEICH L TIEAKIC & 2 e mlEe s
LI CHRARERMZ T b,




'S o ® =
5] (=] o o

OIL CONCENTRATION INDICATED (ppm)
N
o

120 [— T T o
Mixing Condition:
750 W (8500 pm)
10 ﬁ/mln
| Sample Water Temp: S,

0Oil Viscosity
(RW.No1)
0 Light Diese 36sec
A Mixed 100
X Mixed 240
¥V VBunker C 1300
Bunker C 3840 /

16~ 18°C (0il Temp.18°C)

0 20 40 60 80 100 120 140
OIL CONCENTRATION MEASURED (ppm)

®-26 MWHEOZE

Sea Chest
(Bottom)

19

4.2.2 SASECCRETHAKEEROEE
) FEREEEREE
EMTERER b & ICER LI AR EEREE
20/ T ABEOHIZENREREF YR 7OB
L7 v v R 7QTHIG E N 1R, BIIAKO,
FRELE Y TOTRIBARSINS, BIZAKE
E-180cFEALZ D ER—TH D, E LR 7IEH
EEH1780rpm, BRATRES L CEfE2.5m*/hx10m T
Hb,

BE S BRI, KGR & /912m, $hEE
#13m OHHAEE RO Erh, ZOREDOAOL L
UHENZ BT % FERR R OMEE O (L& 5 FHENE
B REFIREROEELRD T, £, BHCENA
BIERBEEG, AN —F@, #- - Y$FEEEFA
TEZEEED INOFTEBRBOEEICIODVLTLHAN
77 BB R EMATKR 2 SE 12 L THEI2.8mme
OFEZEHL T8, FlREREERE L TEkY
ZNE, FUYEOEBEOMEICOLWT L ERY
Tot. BEESmM, BX4, 7, 1llmme (F 70 vE)

Main Cargo Oil Piping
Sea Water (Tank Cleaning)
Sample Mixtures Piping
Sampling Point

Pump for Mixtures

-27 #shEEH s L ONREEEHRIARE AKX (9 b5 o —)

(597)
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Fresh Water [unm|
Supply 0il Content Meter
¥

20¢ Flange
r

Inspecting
Water

Sampling Tube

Over Boad .
er Pipe Wall

T ¥ Sampling Tube
Flow
/1} Ball Valve
N

Strainer

Slop Tank
-
Vertical Piping
Length about 20m
Pipe Diameter 154
N\ Flow Velocity 3.9 m/s

\, D
Centrifugal Pump
Piping Material . .
AlBs D25¢ Horizontal Piping
Flow Rate 25000/h(1.4m/s)

Length about 15m

(-28 PEEHAIFARCE BRI

BLU10mmg HEEE) £ LT, KFELVITHED
WY OREHAIC DO WTEELTAR,

AER R 2 FRREH®s L VERE L O THA
E2ITo 70, EEERNORA MBI & FLITICE 2 &
T THEEES, BRAMRIEROREIEDLETH
3m/sec £ TEBRZIT- 7,

EEBRCHAOmEmE e CEMTHD, REE
FE13100ppm Fifk L Lic, RFHRBEO M AEE L
TIEEEEAOER B & CEEH I8\ T25me O £
A7 ZAa%HG, FAFR1IIEETSET >OHR
FRE R L, FRASTHAEET CBRERE®IT-> 72,
2) EERHOMSTBEDIESDE

B-30ic 8@ E VL BEIz oL BIZAKOD[E
B 0% 30008 £ U°8500rpm 12 U BEOBEA LB &
PO B 2 RO BEERES 25T, WHEHIC
RA S NI-H R I HEREE R & i 5 Ik o3
LU CTERICAE, ERLED, B mOH IR
LD LTTRELTL B, ZDo, 1ZIF—FHE
3 DOAMSMBE N L THOBER—&RIZED,
HorwiziEs "2 %2405, 2 LTIRESHSTER
BEEBINTHRWRRE TR, EROMNE, TR1X
BLHic 25 &z o, FEHEOH M EBE I —#
U ACERERE L D ES K-> Tnd,

% 72, MHPb)DHE Ok RIFR 22127 L 7o EAR(L)
DTG L T 525, (D & 5 12T AMEE K
PN B 22K LI & S S — I b RS
RELBD-OMPBEOTTESELCRTL, H
OBEOCETHERIIMRKTZ2LDEEbNS, L

(598)

2o TUUTORERTIE, BIZAH, BRRHE, 28
L URE AR ELs ¥, K-30 L BRESEHHI%1T-> T
BEOES DX INT 2EE 2T,

B-3113, 13 A BRI E 2 B & ® 2B E OmE
A NEEERK LR LD DO TH D, [EERF8500
rpm TR D50% 535810em LT ORFETH %
DXL T, 3000rpm TiEF40em PLT L > T3,

HM-3203 2o DFEREE LD TRLE LD TH S,
Bl BN R, SECERE Lo TED,
MRl Re —EDMERL T 3%, 72, 12D
RESOEEEFEOHRIZFNFLOERMECT 2HO
BEOIESOE (S) DAE&aERLTED,

g = (AL L HLIOBERE O B RFHIE)
(ACESAE)
TEELED100%ICFHY T 2 H#EF 5k CER) 2K
FIERLTVWSE, TRSOEREMLSLELELTER
2 ZkiE, ENEERESK S EE T LR
DS D EHVNS WSS T 5 & A
WRT 2, 7z, MPHOBEDIES DMK EL
5B AR REEEICER TR LTV 58, FHEAkdo
HRENKEVES (Thbb, BIZATIIAIWE
&) BHEKHOAR S 2MEOGFEE CEBEDIES D EH
RKELSKH->Tn3, Mb@bhobh s ko ICHERE
(@EN) OHFE I AFRE ICHE L CEs o xiih s
Bh& hoTwd, B, CHTRTHIIECEE IS
MNTEZETHY, 77O BEEFERHL-BEICHRT
EF oD EA/NS WHEENCH 523, FhE EEERES

EEIZASNE 5T,




(669)

®R-7 WOBEEAHARERORESRE
b) BP Tanker ¢) IMCO Sweden 2% d)
975 b v 285 b HGER
b FEA EARd VLCC | uLcc| ® & m | ® & M
&ﬂgfﬂfﬁ% Sw%?gﬁﬁ;?&ﬂ Sea Chest Sea Chest Sea Chest
sr o bm - ’ oM, 25 Over Board #E| Sea | Over Board #EH% | Over Board BEHE
R OK R W B A Over Board BHME | Over Board it | WEHL (181 | Chest | (BRHFHD | (Amv7yT o5
(ME» S DER) 3 1) (8m, BEHFF{TE25) ,éié)o HOET| O& I i)
. AR EERR O
. ~ T 1T ACE S KEBC EEHLDEES | SiEARFEA TENTHEE K | $hEEIKFEAREE
e it | ACFE AR A e i ?ﬁﬁﬁiﬁ%ﬁﬁ SRS
® E7N A bV — b A br— & H
(f&ﬁb% 1K) \1/4D{ﬁik . ; NN
w N B E B | 1/3DHEA 1/2D A THREASSME | FRES S M
HEKEEME (WE) | 743 77 A8 (15mme | ] & (15mme) THEKERE
B & U25mmé (12.5mmg)
KEL L A F (£ 15m) K F (FJ 15m)
ShERERS g B (87 20m) % EH ® 8m)
REAEE ALY 7| STELT SFER T SRy 71
EHE R OE 5m?/ h 2m/ h 0.75m/ h
- ) HES L UEMAE 65 FHE)
FEN A 3.9 15 3m/s (Re#t 4.5x10%) | £ 2m/s (¥ 35%) a :
EER ) ms ((Re ) 5.9x10% m/s (ke m(/lfegjz.syx/lo“) b) MEHE (48 FHoEFHM)
1.4m/s (25¢) \ c) X M
(Re#t 3.5%10%) d) X ®k
A b —F A ML —F H7 41y —
i E B #B 8 EH| Bkonig KGR E EAGE RS
x ¥ # x ¥ #
¥ oW X E % 650mmg % 700mmé, 200~1500m/ h
4000cm*/h X 224 3000n?/ h X 44
Over Board #f i & | £ 350mmg
1) ZEREBAOEZESHD | 1) ZEREADRZOAE
Bon % 0 M OB | WAL AREROES | Bk sEERORS | 0 CEXNREIAL ) 2) ki

12
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O\

6m

8m from Ground

Water Tank

®-29 FEREEERBREE

100

{ppm)

50 -

0OIL CONCENTRATION

0

(600)

BI-32h DB I3 E NN DS & BLIRIC AT ¥
% Re=2000~4000D X iR £ 1ZIZFE CMBEICH D, T
NORBCHEEL THWLEEZOND, 1272, BHEIX
Re#—FEOMBEL Ot e k> TBY, LA
BENTFHRERADREENHNZ 2R LTS, O
DEEEE L TRNE S 5 7 _E TS NS,
HEZ S{EL2Z > TERC DY B EHELL-D
MH-33TH 5, MFizid, M-3208ixAH, 770
VBT AE LI, FAECL KO FEES LU
FELORY 7N T2ELEL TS, 7 7a Bl L
2l (FPOHIB L UOHD K20» T, 77— D—
WEBTIZIZITBBARGEOBNC L7V —TEIZ
EfEICFE L E->TWwd, BBO L 5 CHEOREME
EHIZ SERBAYLTEY, HEH0.25~0.3m/s fF
B TEBROAEIELL T3,

—77, $EC L AEREICOWTLTREORINE &
LI SESEL T 2EREEIC TH D, BITABERE
HLESE (MR- BLUNH) BIZEF 7008
WL BEOEERLEICH D, HORY 7E2EHLIS
& (A O S{EI, BIZABZ L 2 Z>OEEKRD
BAOHEDEE > T b, 7, BERPICA L
L—F 2D TS (AHD) 3, 5D EDED
BRLTws, ioEE*E 2Oy C Eifly
(Vv By K No.1, 00MRE) 2#FEHAL B (V
H, 5 & OWEI(R ML —FfP))IZIE S D &5310~30%
ERIRICRELS o T Wb I Edbhd, ZhSDIE
M, B-22THIZATD/NE OIS, B X UHORE
DEOBEICHRENREL LI EEW/BLT, B
WAKEEETOMIDIENKREL D0 EELS

O Inlet
® Qutlet
—~100  0—0—=0
E
o—o 4 & HE e G
S -
[l
'/,/./\ & - O Inlet
E 50 F ® Outlet
Pipe: PTFE. Hor. 8 | Pipe: PTFE. Hor.
(8mxX7mm¢) S o Bax7mmg)
Flow Rate: 0.34¢/min O L Flow Rate: 0.34(/min
(Re.No. : 1030) = (Re. No.: 1030)
Mixer: 3000rpm o I Mixer: 8500rpm
S R W S N -
2 4 6 0 2 4 6
TIME (min) TIME (min)
(a) (b)

F-30 ADOBLUHOKC BT HOEE




95
90 -
w 80 o/
= 70 [
g 60 [
2 50
> 40
-
= 30 /6
5 20 /
g o
2 10
E / A ,
E s Mixer
a (o] O—0O 3000
E 1 / rpm
‘g [ *—® 8500
rpm
g 0.1
2 (/
0.01 I 1111 1 11

1 5 10 50 100
OIL PARTICLE DIAMETER ( u )

B-31 13 A B EIEEL L R D

b, £/, A ML —FEZEORRET D5 & ZDMHE
AEEIN L0 EEDbNRS, &8, MPORHFE
B ERIC B T 2 AERRREN O FMEZ R L2 b
NDTH 5,

M-34iF HIMBEDIES D EBRBICKE L B 25
Mz oW, EEUkRomBOMMEEE B LT,
fiog o RSB EEA LSS B L UKESR
FREEREBEOMBEERLILLOTH S, CEMIC
L CEIERRSBEEA LSS (VH) OfFEIXH
33DEEREE L, S THEAL HIEEESRO
oo S EBEARBEE TR P, &8, B,
FEOB >N T S EHMET LK-33 L OtER S
Honan, ZHKENE-33DBEICHTETS
WicdEREOBE, ERESR TOMNHZRIZA
TIERIC L DNBENEEIC LB O EEZOND,

—7, FEEKEE0°CEE FREI5E, B
@iz A SR L TR OMMboiEE S n s L Bbh,
CEmTRIESDENIRBEE LAY, KEHMRIH,
ROEETCHL, I FABEMOBEICOVWTS CEHM
CREREICAKR ERICE B 5 D X EREIRIZK XV,
FerE, 3 AEBMTIRMEOMS L UOHITRT &9
WHEIRTD S fEH200% L L L BiHIcKE < k70,
50°CD AT L T 3 10~20%HIEDOE & 72> 72,

BB, RXPOMIBETHERED 7— 513, EE
DOFEEN N RBE I T A ERIEE DO A ER L
bDTHY, TEEEZRETIZLOTHELI L&

23

T 1
Mixer 3000rpm | Material Direction
Q| PTFE Hor.
@ | PTFE Perp.
| pvc Hor.
&| pvec Perp.
_ ¢ o
E \
- S 100%
=]
E
-
a
=
i Re. 8000
Y] \
\
o oy \ °
\ lRe.AOOO Re . 6000
Re.l2000
Re.lO(l)O
0 0.5 1.0 1.5
MEAN VELOCITY (m/s)
(a)
15
Mi 1.
ixer  8500rpm Material Direction
QO | PTFE Hor.
@ | PTFE Perp.
O | pvC Hor.
@& | PVC Perp.

\

1007

PIPE DIAMETER (mm)

Re. 8000
. . |
L Re. 6000
\ Re. 4000
Re.2(|)00

Re. 10?0

0 0.5 1.0 1.5
MEAN VELOCITY (m/s)
(b)

X-32 FEEHIIEEO NN DX

Y5,
4.3 hoyRESERERBROERE
MAMBEEOMAEREBR 2 HMIE I EMT 2 o0 R
HEE L UCRBRAREORMSET L, B 1RO
BEF L CRRARTOADOHEEREB 2L 72,
BEFI61 (1986) HFiTid, WMMBEIHCNLT, L0&
FEOMREZERT 2 NEDFRHWNE,STTHOA, ZhiZ
LR WRBEEL L UBRRAZO—HREL 21T
fo LT, BEFI62EL VEIEEEE Zh o8 2 HDOHS
BETOMREREBR 2 EML T 5,
HET X REOREHAE VL SN 588, KETIZZ
NS DB Y, WU HERERBRER IR L 72 >
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Piping System

Mixing Cond.
o Teflon(11® x H8m) Mixer (3000rpm)
) ” (8500rpm)

0il Other Cond.
Light Diesel 18-30C

a o~ P
& Copper (12.87 x H12m. Vi3m) » (3000rpm) 9-14T
=] ” ( ” ) ” (8500rpm) ”
Centrifugal
a ” { ” )} Pump (1780rpm)
A~ ” ) ( ) ” ,Strainer
A ) n ) Bunker ¢ 6-8C
v s (e ) ) ” ,Strainer
100
b O
S50 |
L
} O

S ( % Of Inlet Mean Value )
W
T rrreT T
@]

FLUCTUATIONS IN OUTLET OIL CONCENTRATION

1 i i Ll 132l

Actual Cond.
On Tankers
1 1

0.1 0.3 0.5 1.0

3.0 5.0

SAMPLE WATER VELOCITY (m/sec)

X-33 EEHOBED/ NZ D&

PIPING SYSTEM  MIXING COND. OIL OTHER COND.
COPPER (12.8%) CENTRIFUGAL ¢ STATIC MIXER
v ( ) PUMP (1780rpm) 23~24C
v g ” . STATIC MIXER
50°C
o . MINAS 20
CRUDE
é ” ” ” 50°C
100 o
x 200%

X

///
///
s
oS

/
ql‘l
A

Ay

77

|

L Actual Cond.
on Tanker

<
<
<,
\\\l\

A}

IS

0.1 0.3 0.5 1.0 3.0 5.0

ARY SR 21

FUCTUATIONS IN OUTLET OIL CONCENTRATION
( % OF INLET MEAN VALUE)
. . s
T T
j
AAAY

1

SAMPLE WATER VELOCITY (m/s)
E-34 FEEHOBEDO/NZDE
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T NIKDOHSHBEDSHEEIC DL THENT 5,

4.3.1 HEhoWBEMMHE

Fz# OELEIC & D F DS, DEANESER
B50T, FHRAUCABEROEL D DI DOWTHE,
FEDORIE %1T- 72,

HEIZDWT, LEF2BALLCEEHN 1 BRE
L7-BBIE LA, FEOBEVEIZ DL TIZMOERE
E50°CITHIBA L TIT- 7o FEERIEICBHERTE LT
Ly Koy R No. 1l #FV, EEMEVGIBSICIEE
37.8°C£ 2°C, ¥MiEOBEVHEITIZ50°CiThnzA L TH
ERToT, T8 CHRBMOYHENEE 2R,

432 & #F

SHTi: IMO A.3933: % C ¥ U CREGEE D Ome
POERTZC L DE L, FROMEEEE KT 2
FHiETITo 12,

(1) BREHLOIER

WSBELZEET 280, SWECHS 2REEE
K7z, BREMRIZ15~150ppm DOEPHT 3 ~ 5 ADE
HERETIERR L 7, BREROFIEB-3510R 7,
(2) MEFOMES

HOMBEEANEIRHETH 2700, LTI
DEEEAFEEGIRICLDIRDL, ARV Y I L
DERERL, RERERDL, LarL, mE (F
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%-8 HEMOVEAMNE
GtlL 75 D)
H & E & . 2 #E () wE S (CC)
75E€7 54+ | vy 7se7 | 0.860(15.7C) 54.1 (38.0°C) —15
N OF v s T ouw | N %2 X x T | 0.967(25.0°C) | 3760.0 (38.7°C) —30
z ¥ 2 | 4 v F 3y 7 | 0.832(50.00) 68.1 (50.0°C) +37.5
23 i — — 35.91(38.0°C) —
C & i — 0.958(25.0°C) | 3841.7 (39.3°C) —
(FRHEl L D)
il & E W teE15/4°C A (cst) g E (°C)
L X 7 5 N X | FAYzY T 0.845 4.6(30.0°C) — 2.5
FAVIVTIFA4T L | FAY )T 0.898 10.5(37.8°C) 20
NARXZS by 7| N 3% X x5 0.972 310 (50.0°C) —-12.5
AN B ARV S ) = 7 0.850 12.6(50.0°C) +30
(RLF/ 3547 L)
70w oz = | 7 v oz o=k 0.868 7.0(50.0°C) —35
72V N 7 T 7EREEH 0.838 2.9(50.0°C) —15
H( DHEDICCTIX0.9508 7% 2, 2 DR R IZH
1.0085 & 7 D #9 1 B DB\EMNEL 5,
, 3 # H
4 SHEHZ0.10 OFEBRA S HE Y 5 ABRITHRL
, 7o RIS H IS B 2T L 2 WiBE130.1 2 o3
. 02f ° FHZ0.5me DIEREE A TIRET 5, 72, SHFIEER
& BHEEHE 2 7 HRANIZIT- 72,
< (1) BREORES
% HEMERD R EEATHET Y Y Y EDOBEIE
g 8 REERE L TBL LB TERVLLD, FRLE
o'r 7// b ey TCRAHEATo 8, SIRRE L 2 OO
® Light Diesel  X=433Y DBTHEEFIIOWLTEETLILENH L LEBbh
O Kerosene X=407Y %o
(5) A
L , BT O FIETIT - 720
0 30 50 100 i) FE (100me ) 25RO . 5me & AN EEMELALRE S
OIL CONCENTRATION X (ppm) 50
®-35 HEHREO B Z0HE pH ORER TV, pH2 LIFic Ak 2 £ 512
T2,
ZIZCEM, TFAFEMRE) KLo> TRERTER i) HAEEoRREhEE, EEF MY Y A0.58 &2

HEETZ2LDLHD, BREBLETRZFDEET
BAAYD DD I ENHEREW®, HEXR
VI UrYOWMBGERED LULEND T, TOBE, B
B EREVERBROBMNELC S, fl2 1 CEl%
15°C (BiR) 75 30°CIziB D % &, 15°CIZAWv70.958

Z %

i) AEERCHEEOMELRFEE AN, B L UR
gL etk SHRshcE T, %L CamIRSERI105
R L <H=RET 5,

iv) Fo, MERRTHS L2 EEC R %
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BLU KR AR 75 23108 T, AHULSENT
JTEEYI2.5cm O DEFERL Tw3,
(6) FRHHSHT

STE S 7N E— ADFNFHEET (B IR-400
B) 2HAWTITo 7o, BEARIGENH, RENEM
BETH Y, WEERIZ4000~650cm ™' TH %, KElE
122930cm ™ TiE@EL %I LD KA BB E R EFEH
LTwa,

B L 2 BEIER & R U 2 A T 2 Bl
L7z, 2o IicHHERRE L TiTo70 —HD
MR MBI RFER L T, ALk
R L E HE3200cm H 52700cm™ E TO E— A
THEET S, 13RO E JEDEERTV, ZDFE
BHED & BREERD 12,85 I EROF % K -3612
KT, %8, RHERPOMmMEEILRORICE DR
Dz,

EAE (Y) = 2 —logi (FeAfE T)

BL T:&&8% (%)

B (X) =Bt (Y) xREHOME
4.4 3 & ®

HBEETEREEEREE (K-18) %, IMO oEH:
WCHEDE, FEMCICEYEL, TOEEIC L BHK
HEERERZAV T, -5 0T TRENEA B L 0
HOWMMBEEHCDWT, FOEXRSELTN, M
FEtB L LTHBES2ET 2 LELNEEE2FE-60D &
HTRD Tz,

—%H, MOMBEFHAFEEREE ROV TOER
FIEMRER (F-7) b L, MEEEEEZEELT
BEGABE CRIZT EE R, ERETIIRE
PESFE AR 2 ~4m/sBBELEZ S35,
DHEFEOFHICE T, BoEitmoBsi4$Eon
HErEew B (1 AR LT CEBT
10~30%%E, I+ AFMT200%L LOBREL4EL

72o EMTORRRMEHOBE IR, KHERTOE
AMERAIC L > THEICIES DEBBAT L LD L
ZoNd, IOFTHBEEANGSTIHELLTE, (1)
TO—Y 3 OFREZEDMOEELSD B TR ENR
HEED D, Q)EEmic L TidAE RS, ENE
BROBAZFIC L > TR OMMLE 355, (A +
V—FEORRERIITE SR AL L, S
ROBFEEBEET R ENE LN D,

5. MAUSELf#) AREBOUGE

AT F Tix, IMO 3% A.393008 TF A496(2)ic & &
Duic i B EBIEEE O MBI T 2 AR
ATTHREOMREREBRIC DWW T, RBREBOMZE» R
BREBICES  TOMERRB LR, 20Ok, WS
BESEY > 7VAKPICEET 281 d 5 WIid 1,
HEBEZORYPREBBEICHELRIZE R WEL Y, X
DEOMERE KR HBETICER T 2R EHRE A
586(15KFIR & 41, 19864E10H 2 HLAB O FE ¥ > 4 —
ERAENREE RS, FO0B, ENIIBWLTS,
HEAI614E 2 S 62 T TMH A SR ERE2E
BREe L T EAHHEBEZEESMNRE S 1,
IMO #2&uki#E ASS6(DHE I ES T 5 Pk HER
HIBSEE 12 1R 5 i, AAATRBREER URE
HEIZOWTOEE"BER S L1z,

RE T, Fe n BREREICES LB gt (1
koborE1ItHRETZOIIHL, 2 R0
WERTEFRT) WGl Tinb - 2 RBEHON, M
HESRBEBOMENDLE L £ 2 BREBALIIEED
RERC DV T, WBEHERERBREE OURE & R
BEHC L 2E5TORTERBERIC DL TN 3,

oM, FE#EC LD RS SELRBIER -
L TRBEARBRLSH 2, H 1 HROMIMBET DS
BRTOWROERY (JIS HBHS A N 3L 21T 8

Minas Crude

Light Diesel

Lead Added Gasoline

3-36 HIHTIC X 2 EBEDH
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fE) »—EEOAFEHRLY, 2oz nicstL
TiE, #t%0 Attapulgite L N=EALEDESY %
RV 2E L k-7, BREICHT 5 RBAZIGHETED
100ppm (ZxfL, #E1X300ppm & EEAOL 7248, HERE
HEEE - L COBEAWLIY RV IRRIETH S0,
FRCEVIREACE L TREBYEE I DL TORENZT
bimotz, 1272, ROBABOHE R, 100EEED
AEYNRABI %, K> 7 TH-180OFEAMBICES
FCOREETHSFEEE T2 & THBL T
72, WIEBOFERICH LTI, £=E%300ppm (2
BUREAREEBOKRM Y > 7 ICHM L, TRE&L %
WEIBBA LD OEKEBO»roftiasT 2F L L
72o

5.1 MY BEIHERBREBNYE

ABS614IZ X D, FTL < b - - REBREH (AT E
D1%DES [ZHETICE T 258 #1550/
bR OEBELI0BUANTHEE T 2) b 2 T%, B
ERITATERNC B W THE0.5mm OEAR % v
THEREHEPICZEGRBATIE L L, #EEH
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371, 2 HBEETAFEALOFMEEE- 2 10K
T

ELMREREIEEERE, EER, =— FILVH, &
K[MEFHB & EAS S 2D, BERERIERD
EH (BHRE) 22 LARBRY ERREOLEEILE
B oNED o Tz, FRERLICDWTIR, KEFHE, &
EREETIRIE L7 & 25, 155472 b B KX T0.1ke/
CM:DEENTED SN, IOBETEREBRICLTE
KOUDEF L 212, ZDRNELEHIHGEARED
ZALICHIGT 5 6 DT, EEOHEBITH - THHFRK
EIIEREHARIATHL 2100, ZREZLIZ0.05
kg/cm?LLF &% - T3,

5.2 HEBESHC S5 ERIBARER

BI-381C HEERIBEET A (BREERENEOEV D
D), H-39ICHERERH B (BRI E AL
724 0) ORITHBERE T,

B-381%, IRAZREN.5% (AHD) OHBE, BLIU
1.0% (OHI) HEDBERRENDEE 2T~ HE
ERY, COBEDSE, HRIEADENGEICHA

controller

< 0il Inlet

—%i—ﬂ—&—g—— -~ Air Inlet
\

\ \Fixed Pressure Valve
\ Needle Valve
Flow Meter
Air Pressure G.

< Fresh Water

B-37 ZESREMIL -RBREE

80 T Fiow Rate 15 0/min
Temp. of Sample Mixture 15T

Temp. of Air 16.0 ¢ o
Pressure in Pipe Line 1 Kg/cm*G e
Diameter of Needle 0.5 ¢

g

/

AT 0.5% A
o:////EL/f///
-

OIL CONCENTRATION INDICATED (ppm)

200 A_O /
— ,/,’u,il)*’f“‘,""l//—/o
O
Y 100 200 300

OIL CONCENTRATION MEASURED (A.L.Crude 0il) (ppm)

ERPEREMNRD 2 HRBEHOD

X-38

#

BEH-2 ZREAH
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O
30T Flow Rate 20 ¢/nin O
Temp. of Sample Mixture 14.5 T
Temp. of Air 12.5 T
Pressare in Pipe Line 1 Kg/cm*G
Diameter of Needle 0.5 ¢
t o
g o ¢§//<f
5 s
g a
= P
E y
E
5 o /
2
g5 o r O
6 L - J
0 100 200 300

OIL CONCENTRATION MEASURED (A.L.Crude 0il) (ppm)

-39 ZREWHEARA ERBEH B0 A5
R

T, BAZRE TG U TS EOBEE R Hn
Sind, MOBEREICNT 2 IEREOERTE I RETF
THH>DT, FAITARABOHWICIXEI L DD,
REE I L 2 HERBER A ORBRERE (OH) »ERE
DBFEIEAREI1/2BETH -7,

-39 3 BERBEE B sy Tid, EREER
EBEEDIEENIC L D, WFhOMOBEICEWLTY,
WABEHICERINIBENICBES > THEER
5ind,

6. #

M & 2MgPEBE R 2B IE T 2 7 I IF BRI £
BEHRAR L & b, MIAOHITHICHEH S WS
SORFPLETHY, HEOERFTH L L TOM
SBEFOMEEERT L I ENEETH L, KL
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& v —FIHEE S N S PR E R EIEEE I AR
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EHEREBRENCHSLICLI D TH D, DI,
HBEERET 2 HEEL 2 2 —~TBREOHKARS
e, BEICREEHET 2700 %HICO20T, #
BEBEE AV THANG, Z0OER, HEEXRY 7
LLTFS oYy —R7ERREAT S I, Wi
WWERSY v = RE T THOWRE 2 RINT 25H, 2o
12, BIZARGHICERRE S HO TRIZASR 2 H
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EL, ZOBEATNCOWTLREDHFTHRIAS S
T3 (REEDBHE750 W, 8500rpm) % ¥ 03ERITH
ZENHES M E T,

IS ERMROBR 2R, WMOBESHERESER
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H15pPM B W T HISKUNDOREE L LEMENES
iz,

W2, FEMRICHE# S WL MEEHOMEECEE
ERHIZIZ1E, BESTO—RAMERR, EHROT L S
KEHEEE R R EORTH, FHBECESZ 2 5E %
FARBLEND D, 2010, FFKLHRERBRED
EROCTHARBETOEREOER 252 i, E
MORIE#FAEL, FCEDOTEYWEL 7 e
EERTFAOTERTFPBETIREICS 2 28810
DV EERINTRET L 72,
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BLEHOWENTONRI, ¥, BB X UELE
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BA%E U 7o SRABREE B O —Hus 21TV, BBRI62E S 53,
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