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An Analyse for Solidified Accident of Nile Blend Crude Oil
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Abstract

A heating cargo is solidified by several reasons during carriage. This study is to analyse a
cargo accident which 811,202 US barrels of Nile Blend crude oil reamined solid in the
tanks after discharge. There are some possibilities that low temperature of loading cargo
below cloud point and wax appearance temperature at loading time, heating interruption
during voyage or discharging, and prohibition of crude oil washing during discharging
might influence the cargo solidified. But we concluded that the defect of heating system
would most affect the heating cargo solidified locally, and which blocked drain hole of

bottom transverse and web frame and they obstruct flow of heating cargo in the tanks.
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A7 F5Fd 24T 25 oyt HY FFAHES 41 oA YE 8| "° 7 (heating
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2. Case study

2.1 3|¥7}3 Alm go]F 9
|97t AL EA T A-E 2 7HA] &0 AP E
. °57‘4(pour point): A FAFo] EAHT EFFH
H A&
. @E(coefﬁcient of viscosity): BAEE - A =H1E 3, £
WM F& poll WSl AS df xFol FaAQd H <t {FAY SET]EV] H]
= ¥¥8Y X=79 v/dy7t &3], o] W vlAEdsT 2 E 9n
* Cloud point: AfrAFo] ER% =stddlA WzEd o AA <N Hx= D AAA
7t ERAH AFste 2
+ Wax appearance temperature(WAT): Cloud point® Z2 7 do =z Al&&i glony o
A oldel AR =934 (Chained aliphatic hydrocarbons)E ##3l2 Ue
7b = AR olEte] LER WZHAY o] Yold RS &2 HHEo] AT
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axy crude oil sludge: 9 &< E#ste dF7F 12 E £ 1FZE 77ke HHE
t AS 7Ege 224 E29Xe £9
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24 “ATEE 20008 29 Fdol] A A3 Marsa Bashayer Curede QOil Export Terminal
713141 Nile Blend crude oil 811,202 US barrel(60°F 7]1&)& A3t &4t
dAAole 959 %54 (pour point)e] +30C=E o YAewy MHIA 31E 9]
& 3B33CO2P)A 242 &HAZTH 5T 3£ 255 A3 A9 2
T°r A s aEgton 28F 59 He AFAA A FA EFAA FE
T & D0CU22F)7HA dsAZigte 479 AAld met stER I 71ES Al&st
Aot FotFdel =FE YA g 2k T‘:‘ HA 45CAIFF)NA FHi 50CTA22°F)9] H
AE FASAR, ¥t brle=E 81T, dlFeEs 12C74A stgst

Fatate] =aMsted ostRdol AFEHUY HulEFo g wat YFAA (crude oil
washing; COW)2 Al 5] &gty de=Fo th& Aure] Hetste #AZ 19 AHAE 8}
Aztgdo] FAHu T A9 Ay TFOE 4AZ 7t FE7MEe] TEHUL

EAo] AFtstd 9GS AMstAt 2 G5t wiA Y DA ofd o] fF=E 3}
ERa2HE FFEo] 2EHo] A Fstan, AxE &AL FELS nAFFH 5307m
(33,381 US Barre) 9] 7]1&°] 43tE5 ZH7 A,
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23 B4 Fx49 54
Bde 0o ge 724 5L A Qi
D =A% GuAHHMARPOL 73/78) L. A6 o Haj9a) ~EH) 3 (Segrega-
ted b

allast tank; SBT) Autoly} Foddas dd M A (Single bottom) BAolar &4 &
Z ¥ 3(Wing tank) 3t 5m ¥o]9 Lz3 SBT7} &4 3o}

@ & B2 »HeE F
discharge system) 5%

oz ¥ 5 e MBTEES

Holl o 5 FTUdHLAZ FHIEE H AT 2 (Free flow

& dgHoz PHHAY, 4 Fauz ARy
3 QoK 1) B [39 2] #=).
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P/ No.5 P '
P taaP | Noap No.3P | No.2P |[noip
- f 2 3
E.R 1 = F
- /N0.5C No.4 C No.3 C No.2 C No.1 C|* T

n !

N5 [ Noas [ Noss No.2s |[No.1S
(Slop)

F4RE B3 9571 2BE B3 o2 Pgag Fepte B EAY
e

1
[29 2] Free flow discharge A} 2l

1) IMO(HA A7 )7 7150 A3 edAE A3 APE FAGGer F o #E5A 10 w
1982 69 149 °|F Udx=¥ DWT 70,000 oj¢e #xH& £ EA2ERA(SBTIE AT e
L8t o

_61_



Q@ 8% Baxe k8 &S FA 7] A& R EY FRES P UyrEY
of vjx] gk WA Ft Ao ZE FAS] A 4F FRES A3 &5
2 "jAst Yt

@ F4=H= 5 #BaE Jr—ri HEA 2+ 3k Y(Transverse webs)¥ % L
% (Horizontal frames)oll= 4=l A "*‘3]‘3“"0k 2 3Eo] EYdFA £ IEE AA
20cm®] B} =7 (Drainage hole)7} AAAM 10cm =olol EAA Q.

® Z e8I vdole 7G93 EE EF87 A e FERAS v 2 vpge A
12cm %ol 3| ® 2 Y(Heating coil)o] 22 5o} glct?
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24 A9 34
Fr2A “A"E 9 thEe] ROB 2AYUS t& oAz 334 6-21' T Ut
@ 29 EFAHXRZAMA cloud point7F +30C&tx Hol i, AAAHNA FELET}
cloud point¢l 333C=& o] 9oy, AlmMure] ROBAIA F&3 A Z9] cloud point
) 33~36TC, WAT 33~689CRHU 33stez A-satvotal d@acte s AFIAE
o] HAEAE 75
AAF 54T 2719 S AAehA 5oz QA3 350 §idte SEHA v
“"35“;‘4%01 g S He 4
FAZCOW)S 34 522 npeAl A (bottom wash)& 3HA] @o} sE=A ut
1 UG AEo] B3RS 7H5A
uF Bxdy] ngoR EHIY A JtEFHe] gES SIANAHS 7
"2 Y(heating col)®] EZFCE stERHAUS 3Eo] #58HA 7tEHA Fof IH
Moz gy YFAAEC] JEZFY 52 wEF(drain hole)E HYAAH FE
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3. AP ¥4

31 AAXA gEZE 11?7}

Cloud point®t WAT7} 2Z3AHES 2PN €52 2 u Nile Blend 959 WAT
Q1 49~54TE& HXA A ¥ Heo] ROB oile] 2" dde=z 2 4 Ao, 2y /&
FdANMNE B A 2@ E< Cloud pointet WATE A3 maslx] &3 3359 f54 o
Bg @deles 71#02 Pour pointtg o] &d: vk A EE3H7])T(IS0)A = Cloud

2) 3ld3mdo] uleoA 10~12cm Folol AXHo] glo] 3€AY ol Sl #HFo]l §ud 4 o
v, x7)0 05~19AE A3 7ldstn E42 Heating up HAIA 7S 2~39 A 71dsta
R $usELE FaHT &3] A

3) ISO Standard 8217:1996 Petroleum products - Fuels(class F) - Specifications of marine fuels”

£ 1

_62_



points A “dly Aol THF Ao AEHE #m ARY FFRY 9=
(bright clear distillate fuels for emergency diesel and lifeboat engines)” &, A&

A EFol Mg FASE dow, dut o ot R 7]Fo] EFHe HL A
U3 YE e dutdoez H 4R e 2Xo|t.

<E 1> Nile blend €89 AA4%

L R DA FHARZA ROB #£ 1 ROB A& 2
15CAA v = 0.8469 0.8491 0.8654
& (water) %w 0.10 0.40 1.40
A A & (sediment)%wt 0.023 0.05 0.023
&4 (pour point) C 30 33 39
WAT C - 33 68.9

<E 1>3 o] ROBe A ENA A L A4S ARG AA wolE A
“STANDARD TEST METHOD"d| we} &7 A3 4x FARSARG A4 o]
gon 2 4 9lnh

mebA oz WaxA Eo] ¥3d d%

m{m

WAT ©ol3t2 H#B3AY £430 ddxos
T 8e

e AERo] BAND, I DEIAB] LAY A =Y F glE o) ohet
wHos JAgoz 81y ojdlE $1W 380l AYPAE FEF /2L W Lnd
sh2o] B &35 ol 71%21 899 % glome MAA B0 AEA] WATHLG W
& Aol gel ROB €00l AYe Rez wnoaly] oA,

32 HAF YAV HEHD F9
AYtng AART 7] FoAA B LEE
Fo2 A%t ARAENI WS ABE FHFZe

¥ 2 Heating scheduled] @2 Aol g &Holn HAH ¥ o”\'é"]‘:}‘n

&, A4 235 dAVI FAL IHS AAEA ¥o, & 257 = AR U
#H71A &9 38 UAY EXHo7Z "Pour point + 0’8 LE(EFEL FIF7F S FEE=
S5)E #FA87 A dEE AAg. a2z 4 =2 HGE Av|RE 2F
e AlFste] Fate & AFALE Y dIXE(FL FIFI 2 FEE 257
A LA g

184 & B9 T3] 27ldle FFHo2 F5¥S 27 2I3e 2ToA 2L &%
stew ERaY 5F 799 2RI FEHS stEEte 4R SuH sEFo] I

4) MEMERE B, BHAZXLine(B), I35 514, @mBIR(KEMGHE), 1984. &4 1, 12%
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1 ]
Non-heating Maintain ! Heat up
[Z29 3] 97 24% heating schedule
A 2AAQ s|HoR it 2E7HA] 7tEEtE It SaFol A3 FEE B oy
2 719" V189 uF 4oz Udste e A Jdd Wax é—E-—E ThAl 4ol A
g} ot 9228 Zo] Fq53tn Y 255 A (High pour point) €529 A9 o2 3§
Blglao] vls] 2~3Y9 X A7 2AAHQ Y-S AlFseE Aol HA H}E} o Sad

FHgo] HFo B o AAZ JAVLEN AAAY LEQ
335C AEE FA3t:= AL A B3 2 AAZQ FErE Wgow Zv|9 38
7' Z=x)7} ool ROBE AMAANZ AAA gololagsn Byl ofHd

fr

LHFA4 A

IMOA Standard COW Manual®oll ¢33 Q49 HZ(CHE)7F 600cSt.(mi/sec) S %75t
2 && A$ FELEE Pour pointRth 10C o]4 Fold ARAA] 7H53 Aoz FHo
Aok 2y FRAe Il -"rd’“—‘?— l’\ir‘:‘ £3] ¥R Pour point7} 23] ¥
< AF 43T COWE AAsA g Aol Aadd 2 olf& A, COWE A
B30l vt HA o] t}zko] Heating 5]’301 Zo0i4 EYEA Hi, EXZ= Bottom
washingAl COW7t =45 %€ 9 Pipe line HolA A77F Tnstoz A oFsto] =gk ]
2g 28 AFel A7l Wil

gy Akl AR AE olE2Ho2E COWE AAFL2ZH 93 37 JAEES
Zoled 7|48 & F Ut COW AP dutzoz AR M AH(Top washing)d 313+ AA
(Bottom washing)0. 2 F®3la AAs=d B3 3322 AASE 2ol 4% “Bottom
washing” © 24 o] ZgL 71&0] gangdo2ZRE 20~30cm 7+F Hols o AAd=
Rol gdolct. gt 3tH FFMAL B3 7] ARFAA7](Sludge)E Z°l17] st 4

o

rlr

5) Crude oil washing systems, IMO, p.34, 1983 edition, 1991 reprinted.
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Nahe Rolmz, WA a3el 7180] o= BE o4 mold v Helgle A% A7
o] AMAZA7 GolA 7] wEojr),

131\/]_ <E 2>oﬂ}\-] HE vie}l Zol FH 7+o] COWE 3}7(] ge H =
g #9d 9auc $YY=0] ROB/ Bol RAsge A of@ o2 oln Y
seway e FxEd 7180 LuHo w4 ?E RE °
olu] ZFrtH COWSE AN % vitel A4Z A5
®ol ollel 938 FSE o o] U2 -ﬂ@“}i A

<E 2> £ A9 7z} 33 ROB €%

] Z o} (m) Ao E g A ZHol(m) | dWrlE
ZFo 1W 893 1.153 753.1 A3 19 °93 0.360 67.8
ZF9 oW "3 1.290 1,151.0 <8 19 893 0.460 86.0
Zo} 3W ®§3a 1.223 1,115.4 A3 2d 93 0.410 94.0
Zo} 49 ¥z 0.920 821.0 ¥ 29 ¥3a 0510 1165
%o} 59 ®§a 0.650 561.0 ¥ 34 843 0.377 72.4

°¥ 39 "2 0.600 114.3
#8491 =®=a 0.330 635
9«8 49 "= 0.505 96.4
33 59 93 0.660 138.6
$d 59 ®H3 0.267 56.2

Z Bottom washing A Ao o]A4A<Ql 20~30mE &
o olFg COWE 31n Aolx & F
- COW mlAd A7} #& o AFE &

278t AAAA ofnl $RHY
Rolwl, mpets EA Al
71 edeh,

>
sk
dg
rlO
2
33
HL “5

34 A3 AN HYF
2Aol Fatsto] Aurste] FaAAL HE F YAV DFOZ 40T o) B2y 3
A, @29 Fetd sF=es 12T, g7le=E 817

=
o tig 71l FRAHUE cyHonz
AL g HEFEe 2 e HJote Hantgd 4 $uEs TAAA
£ F U
a8y odEe FES ML JE gAUANA F |7FE<te] 7} o] ROBE W%
07 MAANZ AAFAHQ] Yoz @ A A= ¢
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35 39=z2d &F
dfAe ZtEFAA 7120 g A A AH Majorel Standard requirement= oS3 2

o}

DO YA 718AAE BT7A 7188 F+ Ae §HE zrFojof 3
@ 71329 MAZIEE d5L5 5T, H7I2% 2TAA AA F=2& o8 717 Wi

44TAA 66T F5NZ = ghelok Bk,
- AMEFY A 49 o)y
- BR S0z FAFY Wt 42 o)y
of 71z W Az AxsE AFAY FHAA A 4T AFF 9¥
BAEFLE 5C, W12 20) #elA 19 A5 o] 55C7 =S A4
92 ¢ 4 oo

a2y 249 Aee dri2EE 26~28T, AT 24~26C WA Wuzy gz
H373 zdstelAE "Bay 3 HEF2E 3H07CAA 50C7HA &y 1190 4%
ste] BER2E A5S 19 HE 1.35Td EFAh o] 45EL F4HA A& 12

H 55T vl3) vj§ FE JMEE2A, YFol 2+ 8ad 2xHAIE A= 1T 9
ol A Feta =RAHAAE 165T7HA BRI Qe FoZ Hol ZF B39 gzd
o BYst dFo] FEHA XIFSE AFAY F Jdo. Ax o] HAAA dur B3 upg
e WAy nFoz LT & §1F Hd FUrE AT §aFo] Adnuig oz RE
10 cm=Eoldl A ¢gE= w4 (Drain hole)E =gt ARolw, AAWF(Free flow
discharge) W& "3 & Al AHuoA wl$77t Doz H 7|89 FFo| AdH
A Aoz B,

36 A%4 942 A A4
(1) $nF A%
ARAY HEYI JBAZ EE AAS Bote] IR PouPt YIede 839

259 s 2 gr|zte £EA ) Rl SHEA FrtgT JtEF o R FERA vy T
A £ Qe $nFe g d&a 2o ohibAd o Axe 4 Aok

Qr = kA(to - tsw)T [Kcall (1

Qro = mCc (to - tp) [Kcal] 2

Qr = Qr - Qro (3)

mp =Qp/ pp=7rAh (4)

h =mp/ 7A (5

6) Digest of Charterers Requirements for Crude Carrier and Product Carriers, Shell International
Marine Limited, Revised May, 1987.
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3714, Qr ; WEd"

4 2% (Kcal)
k ;48 dg&
A ;A 25 AHEA
to ; FE2L
tsw ; AFLE

Qpo ; Ao o|27)74x ¢ W (Kcal)

tp ; 312 9] Pour point
Qp ; S10) AeH g

oP > 712}
h ;$13 %7
y  HF

s
o
o
i
2
N
X
&2
3
llo
2
o
i)
ox
o
(v
o

deld s
O 474 FxEYas ASUAZ B},
@ 44zt Azkoll Qo] A ]9 HA dojyrmz

SRS A449 Polt 283 2
D25 3 Wb B o3 2 WY wawe fyoz AT A4S #4
@}

ol FAFE A EHBRH.

AFE Mgz 3d ¥ AFHAd SEEXS F54 odz J& FuEe o

+ (2" 4 2 (29 519 2o
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Height (30m)

o
(2]

(24 4] st="3W

323548
4 321.007
318.645
316.194
313.7142
311.24

309.839
306.387
303935
301484
289.032
296.581
284129
291877
288.226

& o|st Hulb|

1o
o0F

0.012
'0.01
0.008
0.006
0.004

0.002

1

40
AlZH

—

60

(29 5] 397 Aztol meh $E8(F 30C) olatz WAHE 22 23 )
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AFEH ABUolA 29, 30 F AR AAL o 1%9] AFE ol 45 ol
WZEE wol:m Utk o AWE UfMY WEEFHY YAER $H 2 YAEAL
9&“‘8}71] peaA Relgome Az AYRchs ARYL udA Boler @ ol

o Fw

Z, 444 U f54 FRE AT AHE AEFHog {fAH o 3, W] FYH
IX“‘Ei HAo2iy dfe ¥4H7] *1146}" Hd :Lz%“ &L ARl #FEH o3
2 YAHAAAN O FAE AS5Hos AR Y, #¢ ROBE ¥ & vt

d"Ilne S5 ohgdt 9 . s
9] ROB7} 24 YYdBA=dfo SIS ez At A3 A9 &3
A5t Btk

"7tz AAFAGoldt 27 EFHAFAX FFH(pour point)el FAIE LEE {315t
Bade] <kziel Ay AEo] A Fodr o]F HALE ojFoR FHES NMEY FS
R dFAAEL Lol dfEoz AAFY] o 2719 AALE7} pour pointH

%2 cloud pointY} wax appearance temperature ©]3t¢] ZAeo] B3] tizke] ROB Q<!
oz E & gt dFARCOWE utgte] ddAAEE Folvd 42+ & + Joy, Iy
Ao A 387 e] AFAAL FRtEE F-a8o] A 2 + 93, oy Bavge] dF
7t EaEo] w7t B Ao A AdHAAES uirt ¢ Bk stERAY] dAA Tt
FAE IR0l Aol old AL AlEHA A, FuHE FEFo] MAA I o] 1%
W ejoll Ex3l7] WEol dAA JtdF ool thEke] ROB A 2R A 9FS vXA= &
%e Aoz B

o] A Aol 3E71E FE(1.3BT/Y)L 539 o HAEG5T/Y)d vl&) uf$
EFste FeT #Had 2EHA Hd 165CYH HUT, F9 /tgEFoE TR0
! SastEo] B 3Fe Iy} HY E%"‘ﬂ*"} Az de] wWiFTFE Yo} FE
o] ZES AGAZHLZA ALY FXE Atold FEo] Zo] AFHoZ g ROB

A

netA BRIt E EFse RS tE oud aduOr JEFe] 3Eo] FEI

A Aol wl$ Fo3m=2 ol 93] 3| A
o2 fAHI AHEE davt o
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London, 1991.
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