1 Carrying Method of Crude G| and Naphtha by Dirty/Cude QI Carrier, and
Transfer Method of the Crude G| and Naphtha fromthe Carrier Technica
Field The present invention relates to a method of transferring crude oi
and naphtha to a land storage tank froma carrier. Background Art As a
carrier for use in carrying oil, in general, a tanker has been used which
can carrying a large anount of oil at,once. Mreover, the tanker includes:
adirty oil tanker (carrier) for carrying the crude oil produced from an
oil field and fuel oil; and a clean oil tanker for carrying clean products

(white oil) such as. na ht ha, (girosene, and light oil, that is, other clean
refined product s“B8HFR1AE Makhed | of Korude, Qi fhed Harhthakd¥ for carrying

the crude oil, D§r¥fy&rﬁaé95if£F5¥*féyri%ﬂﬁf@ﬂﬁﬁ%féfsﬂatﬁghpk* used, and it
car : on

is high in carry efTiciency an rTes s or more. Unless a big
terminal is provi déd @xudd @ie @adeNaphthhSrdbhf thel tafLiesrude oil
supertankers such as the VLCC to cone alongside the pier in general ports
and harbors. Therefore, usually, the tanker is brought al ongside a
termnal for, cargo handling called a sea berth and installed in the sea,
and t he cT%%lénb‘?gli%l%ﬂrﬂ oaded. 2 Alternatively, while the tanker is noored

onto a sea buoyThe present invention relates to a method of
transferring crude oil and naphtha to a land storage tank

from a carrier.

Background Art

As a carrier for use in carrying oil, in general, a
tanker has been used which can carrying a large amount of
oil at once. Moreover, the tanker includes: a dirty oil
tanker (carrier) for carrying the crude o0il produced from
an oil field and fuel o0il; and a clean oil tanker for
carrying clean products (white o01l) such as naphtha,
kerosene, and 1light o0il, that is, other c¢lean refined
products such as gas oil.

For the crude oil tanker for carrying the crude oil,
a very large crude carrier (VLCC) is a mainly used, and it
is high in carry efficiency and carries 200,000 tons or
more.

‘Unless a big terminal is provided as a rare case, 1t
is difficult for crude oil supertankers such as the VILCC
to come alongside the pier in general ports and harbors.
Therefore, usually, the tanker is brought alongside a
terminal for cargo handling called a sea berth and

installed in the sea, and the crude o0il is unloaded.




inthe vicinity of the harbor, the crude oil is unloaded. Moreover, after
the crude oil tanker arrives at the sea berth of a destination, a piping
is used to transfer the crude oil to a crude oil tank on land froma tank
of the crude oil tanker. On the other hand, in general, the clean oi
products 1is carried by a clean oil products carrier. Wen the clean oi
tanker arrives at the sea berth of the,destination, a piping for the clean
oil products is used to transfer the ©¢lean oil products to a | and cl ean
oil products tank froma tank of the clean oil products carrier. However,
in sone case, the crude oil tanker having reached the sea berth is
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for transferring cléean products al | ed.
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products to the tank on land via the piping for the crude oil. The clean
oi | produdtestins @heaofleséfinaedomat er iplsi nobt i neddi noa tpaeeEss afheoi |
refining, and further distilled, or used as such, when it is not necessary
to perforfhaiedidth | tat f oRTEFBatAdnttamhere| ki of Fopradtans oifs theed as

ram/naterggmdg ean gghk%roducts of an ethylene manufacturing plants
(thermal deéeconposition pFénts) or an aromatic series manufacturing plants.

Moreover, the naiefhal ogheamapid, Pioductis d s THLquested, Not, Loy cqntain
nore than a given ratio of heavy
is carried by a clean o0il products carrier. When the clean

0il tanker arrives at the sea berth of the destination, a
piping for the clean o0il products is used to transfer the
clean oil products to a land clean oil products tank from a
tank of the clean o0il products carrier.

However, 1in some case, the crude oil tanker having
reached the sea berth is connected to the land tank built
apart from the tanker usually by several kilometers only by
the piping for the crude oil, and the exclusive piping for
transferring clean oil products (such as naphtha} is not
installed. In this case, there has been a demand for the
transfer of clean oil products to the tank on land via the
piping for the crude oil.

The clean o0il products is one of refined materials
obtained 1in a process of o0il refining, and further
distilled, or wused as such, when it is not necessary to
perform a distillation treatment. The c¢lean oil products
is used as raw material clean oil products of an ethylene
manufacturing plants (thermal decomposition plants) or an
aromatic series manufacturing plants.

Moreover, the material <clean o1l ©products 1is



conpounds. Furthernore, the "given ratio" means the ratio of heavy
conpounds contained in the clean oil products, which is determned by a
treatnment capability in the ethylene manufacturing plants (thermal
deconposition plants) or aromatic series manufacturing plants with respect
to the heavy conmpounds. Contrary to the above-described request, however,
when one piping is used to transfer t clean oil products and crude oi

in batches, the crude oil is mxed inthe clean oil products. As a result,
the clean oil products contains heavy conpounds such as the crude oil in a
certain ratio or a higher ratio, and cannot be used as the material clean
oi | produttduenFedsnPhet@i SONtREN dwne ddtafem PsveperfSime@f Teasf or e,

t here hascg§§?h§.genand for a technique for transferring the crude oil and
clean oil “pr dud?s‘ wi thout m xing the crude oil with the clean oi

products, —or Wb MIbdY Zeden xed aount jof the, ¢L udgoi Lo Frome his
vi ewpoi nt, there have been proposed several techniques for transferring

t he crudeh®aty andmpdrends eadnvainedr doduchse wilehnora 1pigiiciigictEQr wexaml e, a
techni que of a nethod of carrying the clean oil products with a pipeline
for crudel®i dekgsmpaed B oposkertdfinsydparapabpai byt iMpptheatatdry legied- Open

No. 2001-_108200. This techni que, conpri.ses: carryi, the l.ot of clean 4 oi
product s HEFH BetHedi t q{h% oft %ghﬁ%uxHQ§qHWEY %ﬁ§ plants) or
aromatic series manufacturing plants with respect to the
heavy compounds.

Contrary toc the above-described request, however,
when one piping is used to transfer the clean o0il products
and crude oil in batches, the crude o0il is mixed in the
clean o0il products. As a result, the clean o0il products
contains heavy compounds such as the crude oil in a certain
ratio or a higher ratio, and cannot be used as the material
clean oil products unless the distillation treatment is
performed.

Therefore, there has been a demand for a technique
for transferring the crude o0il and clean o0il products
without mixing the crude oil with the clean oil products,
or with a minimized mixed amount of the crude oil.

From this viewpoint, there have been proposed several
techniques for transferring the crude 0il and the clean oil
products with one piping.

For example, a technique of a method of carrying the
clean ©¢il products with a pipeline for crude o0il has been
proposed in Japanese Patent Application Laid-Open No. 2001-
108200.

This technique comprises: carrying the lot of c¢lean




head and tail |lots of condensate via the pipeline for crude oil; and
recovering the ot of clean oil products at an outlet of the pipeline,
when passing through a boundary surface of head condensate/cl ean oi
products or before substantially conpletely passing through the boundary
surface, and when a boundary surface region of clean oil products/tai
condensate appears or after the region, substantially appears. Mreover, in
this technique, to use the pipeline whose t ot al | engt h ext ends about
several hundreds of kiloneters to transfer the crude oil and clean oil
products, a_.timng to recover the lot of clean oil products is determ ned
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results in a_ problemthat the technique is not practical. Mreover, in
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products/tail condensate appears or after the region
substantially appears.

Moreover, 1in this technique, to use the pipeline
whose total length extends about several hundreds of
kilometers to transfer the crude o0il and <clean oil
products, a timing to recover the lot of clean oil products
is determined by colorimetry or specific gravity
measurement of a transfer fluid.

However, when the technigue described in the Japanese
Patent Application Laid-Open No. 2001-108200 is used to
transfer the crude oil and clean o0il products, the
condensate is used as a special partition agent, therefore
a transfer step becomes complicated, and further it is
necessary to newly dispose a recovery apparatus of
condensates. This increases the cost and results in a
problem that the technique is not practical.

Moreover, in this technique, since the boundary of
the crude oil and clean oil products is determined by the
colorimetry or specific gravity measurement of the transfer
fluid, it is impossible to precisely obtain the timing to

change the receiver tank. This results in a problem that



cannot be mnimzed. This problem becones remarkable as the pipeline
(pi pi ng distance) lengthens. Additionally, it is also assuned that
solutions (such as water) described in Japanese Patent Publication No.
1981- 21960 are used as the special partition agent for separating the
clean oil products and crude oil to transfer the clean oil products(such
as naphtha) with the piping for the cgude oil. However, also in this case,
a problemis that the transfer step i$ conplicated. The present invention
has been devel oped in consideration of the above-described problens, and a
object thereof is to_provide a transfer nethod of crude oil and clean oi
products FREWATEACOREIpAPPRELCAR BE TE&E% dn thhenFlean el loIwmdusys

products u |1 . torage_ tank froma carrying tank.in batches
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Di scl osur enéfpl py¥entd orpiieide hiemedde akiRtherds a result of intensive
researches, the inventors of the present invention have carried out a flow

anal ysi s (sonetidest herel hafter refelsedisduneas tHdwigblanalomss s{'Juadf crude
oil, naphtha, and mxed fluid including the crude oil and naphtha in the
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transfer n a_and crude oil .to the storage. tank fromthe carrying
tank. . Th%gg%v%£§%¢ fas 6u?8§ndﬁih§§ea Pantter B Fﬁgéogané%%?ﬁs ¢*based on
the flow sapatysisgtend ransierothe Raptha 4y a Sl & ifored Hhiiddng the
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the clean oil products({such as naphtha) with the piping for

the crude 0oil. However, also in this case, a problem is

that the transfer step is complicated.

The  present invention has been developed in
consideration of the above-described problems, and a object
thereof is to provide a transfer method of crude o¢il and
clean o©il products in which one piping can be used to
transfer the clean oil products and crude oil to a storage
tank from a carrying tank in batches without wusing any

special partition agent for separating the crude oil.

Disclosure of Invention

To achieve the object, as a result of intensive
researches, the inventors of the present invention have
carried out a flow analysis (sometimes hereinafter referred
to as “fluid analysis”) of crude oil, naphtha, and mixed
fluid including the crude oil and naphtha in the piping in
a time when a piping for the crude oil is wused to
alternately transfer the naphtha and crude oil to the

storage tank from the carrying tank.. The inventor has



Wi t hout using any special partition agent, and has conpleted the present

i nvention. Thereby, even when there is only the piping for the crude oi

bet ween the crude oil tanker and the tank on |land, and there is not the
excl usi ve-use piping for transferring the naphtha, it is possible to
carrying the naphtha together with the crude oil with a |arge-scal ed

crude oil tanker. As conpared with the_carrying wth a conventi onal
napht ha ship, the carrying cost can Ia?gely be reduced. Concretely, for a
transfer nmethod of the crude oil and naphtha of the present invention,
according to claiml1, there is provided a nethod of transferring the crude
oi | and haphthhhakt A &HBNBERrnEctBod sebr Bge usgak bosem #n dher \ilmy t ank,

t he method ¢ rising; (1) .usi t he piping to discharge the naphtha or
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anount of the crude oil or naphtha remaining in the piping via which the
carryi ng whokout s aenngct ediyt o dgwe-isilor agert kobef agehand; a0d) disschar gi ng
t he naphtha or crude oil fromthe carrying tank, and neasuring a discharge

armount ; (29MBRVpPA nghe Herefsgehdrygiang ish -t he naphtha or crude 7 oil fromthe
carrying tank r tank to . the tank for the naphtha or

d changing a recei p
crude oi | fromthe" ?%#ntﬂ enc&EﬁgemHS(ﬁHH%pﬁ?%aPlﬁﬁ%ﬂ £tRE di'Schar ge

amount of .ffi o0il between the crude oil tanker and the tank on
land, and there is not the exclusive-use piping for
transferring the naphtha, it is possible to carrying the
naphtha together with the crude o0il with a large-scaled
crude oil tanker. As compared with the carrying with a
conventional naphtha ship, the carrying cost can largely be
reduced.

Concretely, for a transfer method of the crude oil
and naphtha ¢f the present invention, according to claim 1,
there is provided a method of transferring the crude oil
and naphtha with one piping to a storage tank from a
carrying tank, the method comprising:

(1) using the piping to discharge the naphtha or
crude oill to the storage tank from the carrying tank, while
the piping is connected to a tank for the crude oil or
naphtha;

(2) calculating an amount of the crude oil or
naphtha remaining in the piping via which the carrying tank
is connected to the storage tank beforehand;

(3) discharging the naphtha or crude o0il from the
carrying tank, and measuring a discharge amount;

(4) stopping the discharging of the naphtha or crude



naphtha or crude oil fromthe carrying tank is substantially the sane as
the pre-cal cul ated anbunt of the crude oil or naphtha remaining in the

pi ping; and (5) restarting the discharging of the naphtha or crude oi
fromthe carrying tank after changing the tank, and storing the naphtha or
crude oil into the tank for the naphtha or crude oil. In this case, when
the crude oil or naphtha remaining |n7the pi ping is discharged, the crude
oil or naphtha can be pushed out into the tank for the crude oil or
napht ha by a punping action, and the anmount of the crude oil mxed into

t he naphtha_can effectively be reduced. Moreover, since the speci al

partiti onChfehtoRofheseparainagtenk ﬁé@hpﬁénaﬁﬂGCﬁud@ﬂﬁﬂvedoééhﬁoﬁxhave to
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stopped. In this manner, the m xed anobunt of the crude oil in the naphtha
can be coﬁ@b%ﬁ@@%ﬂ@ﬁlm @@%dsem%caglehe e pﬁlcuéapeesambent00§reﬂent
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crude oil from the carrying tank after changing the tank,

and storing the naphtha or crude oil into the tank for the
naphtha or crude oil.

In this case, when the crude o0il or naphtha remaining
in the piping is discharged, the crude o0il or naphtha can
be pushed out into the tank for the crude oil or naphtha by
a pumping action, and the amount of the crude o0il mixed
intc the naphtha can effectively be reduced.

Moreover, since the special partition agent for
separating the naphtha and crude oil does not have to be
used, the transfer step can be simplified.

In the invention according to claim 2, the method
comprises: analyzing a flow of the crude oil, the naphtha,
and a mixed fluid incliluding the crude o0il and naphtha in
the piping; and using the flow analysis result to determine
a timing at which the discharging of the naphtha or crude
0il from the carrying tank is stopped.

In this manner, the mixed amount of the crude o0il in
the naphtha can be controlled with good precision, and it
is possible to prevent disadvantages that a fixed ratio of

or more heavy compounds are mixed in the naphtha, so that



is cal cul ated beforehand, at |east a tenperature, density, or specific
gravity of the remaining crude oil or naphtha is used as a correction
elenent in the method. In this case, the flow anal ysis can be perforned
with good precision. For exanple, when the discharge amount of the
naphtha or crude oil fromthe carrying tank is neasured based on the
anount of the crude oil or naphtha pushed out into the receiver tank, the
di scharge anmount of the naphtha or crude oil can be neasured with good
preci sion. Mreover, in the invention according to claim4, a fixed scale
of the receiver tank is used to neasure the discharge amount of the
napht ha ofheriRheid It orentaninatadivvHgh dhie heaitve ceepPRoddskn this case,

t he di scharge appunt, of .the naphtha or .crude oil .fromthe carrying tank
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tank. In this case, the crude oil .or n phth% can b transferred,. while
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t he di scharge speed of
good precision. For example, when the discharge amount of
the naphtha or crude oil from the carrying tank is measured
based on the amount of the crude o0il or naphtha pushed out
into the receiver tank, the discharge amount of the naphtha
or crude oil can be measured with good precision.

Moreover, in the invention according to claim 4, a
fixed scale of the receiver tank is used to measure the
discharge amount of the naphtha or crude o0il from the
carrying tank in the method.

In this case, the discharge amount of the naphtha or
crude oil from the carrying tank can simply and securely be
measured, and the timing to change the receiver tank to the
tank for the naphtha or crude oil from the tank for the
crude oil or naphtha can be obtained with good precision.

In the invention according to claim 5, the method
further comprises: changing the discharge speed of the
naphtha or crude oil based on the flow analysis result,
when pushing out the crude oil or naphtha remaining in the
piping into the tank.

In this case, the crude o0il or naphtha can be

transferred, while the mixing of the crude oil with the




t he naphtha or crude oil immediately after starting the discharging of the
napht ha or crude oil and imedi ately before stopping the discharging. Wen
t he di scharge speed of the naphtha or crude oil is changed i mredi ately
after starting the discharging in this manner, the |l ength of the m xed
fluid of the naphtha and crude oil in the piping can be shortened, and the
m xi ng of the naphtha and crude oil in the piping can be mnim zed.
Mor eover, when the di scharge speed of T he napht ha or crude oil is changed
i mredi ately before stopping the discharging, the timng to change the
receiver tank to the tank for the naphtha or crude oil fromthe tank for
the crude2ppthadrifdpht el zsth be obtai ned with good precision. Mreover, in
i scha

the i ti di t im7, t d d_of t ht h
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nmethod. In this case, the mxed fluid wth the cruée ol napht m xed
t herei n ceie bewaportiad ¢n arsker toil nemmkHattely, dfed esghhrOfigt heigm xed
fluid of the naphtha and crude oil in the piping can be shortened. Brief
Descri pt i @hsetax®iendr & rigse Frephthis @ f cowdharailshendngangslicdedur e of a
10 carrying_nethod of, the present invention. FIG 2 is a schematic
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is changed immediately after starting the discharging in
this manner, the length of the mixed fluid of the naphtha
and crude o¢il in the piping can be shortened, and the
mixing of the naphtha and crude o0il in the piping can be
minimized. Moreover, when the discharge speed of the
naphtha or crude c¢il is changed immediately before stopping
the discharging, the timing to change the receiver tank to
the tank for the naphtha or crude oil from the tank for the
crude oil or naphtha can be obtained with good precision.

Moreover, in the invention according to claim 7, the
discharge speed of the naphtha or crude o0il immediately
after starting the discharging of the naphtha or crude oil
is rapidly raised up to a predetermined discharge speed in
the method.

In this case, the mixed fluid with the crude oil and
naphtha mixed therein can be formed in a short time, that
is, the length of the mixed fluid of the naphtha and crude

0il in the piping can be shortened.

Brief Description of the Drawings

FIG. 1 1is a flowchart showing a procedure of a



and the amount of naphtha | oaded into the crude oil tanker. FIG 3 is a

pl an view of a crude oil supertanker for a m xed |oading of the naphtha
and crude oil. FIG 4 is a schematic bl ock diagram showi ng transfer
situations in an enbodi mrent of a transfer nmethod of the crude oil and
napht ha according to the present invention. FIG 5 is a schematic flowchart
in the enbodi nent of the transfer me&pod of the crude oil and napht ha
according to the present invention. G 6 shows schematic diagrans of a
m xed fluid in a piping in the enbodi rent of the present invention, (a)
shows a sectional view of a state in which the naphtha is discharged into
t he pi pi ng2WF YRR Hee e oithe e santg invieatdion,. and (b) shows a secti onal
view of a state_i ich the c¢rude .oil is discharged.into th i.ping with
Uhe'" napht har Sk flg ThePoi SIS SHERAL BTCHIT: HAFEy SBqdnTone 1) |
nonent um uadd ) oft W bu Solatd oy ,aqp% MARIRY

equati on ?I%q 1;‘lf%draglg)r%%IZyqz)1ifnglélr aHPI@gﬁv@rsl?g%gﬂpof theé p?ggg%t e nggc}:llndé%tlgﬁﬂ G 8
shows schemagés dhagranernfnas analnigics orXatphkeof tbheef | istratteof the
present enbodi nent, (a) shows an analysis nodel diagram and (b) shows a
graph i mReathing@reewHamfe refeldidi dorglege iopeedhef cowdeard). tankerG 9 is a

graph show ng t transfer state of th crude oil, .and napht ha and
i ndi cating a tr@ﬁ%‘f e hﬁoﬁn?i?a gle’f’rﬁﬁsf"‘er‘:rﬁdﬁe St SRPEHTANErs & anpl e of

the presenty; &Oid®g of the naphtha and crude oil.

FIG. 4 is a schematic block diagram showing transfer
situations in an embodiment of a transfer method of the
crude oil and naphtha according to the present invention.

FIG. 5 is a schematic flowchart in the embodiment of
the transfer method of the crude o0il and naphtha according
to the present invention.

FIG. 6 shows schematic diagrams of a mixed fluid in a
piping in the embodiment of the present invention, (a)
shows a sectional view of a state in which the naphtha is
discharged inte the piping with the crude o0il remaining
therein, and (b) shows a sectiocnal wview of a state in which
the crude o0il 1s discharged into the piping with the
naphtha remaining therein.

FIG. 7 shows a continuity equation (1), momentum
equation (2), turbulence model equation {(3), and diffusion
equation (4) for analyzing a flow state of the present
embodiment.

FIG. 8 shows schematic diagrams of an analysis
example of the flow state of the present embodiment, (a)
shows an analysis model diagram, and (b) shows a graph

indicating a change of a discharge speed (flow rate).



FIG 10

s a graph of a concentration curve showing a naphtha

concentration distribution of a piping length direction in the analysis
exanpl e of the present enbodinment. Best Mdde for Carrying Qut the
I nvention Preferred enbodi nents of the present invention will be described
hereinafter in detail wth reference draw ngs. [Description of Carrying
Method] FIG 1 is a flowhart present invention. First, naphtha and

napht ha
crude oi

port of the conbination to the of a carrying nmethod of the a

t he

tanker for a mxed |oading of the <crude oil is designated based

on an anmount of or crude oil to be carried crude oil tanker (step Si).
t he napht ha andFEfud® afdaa et hewimd nthei sreaséer sthtpy odhitéle

carrying

cost is, post inexpensive is selected froma
crude cil and naﬁ%%%a and 1ndicating a transfer amount to a

transfer time in the analysis example of the present
embodiment.

FIG. 10 is a graph of a concentration curve showing a
naphtha concentration distribution of a piping length
direction in the analysis example of the present

embodiment.

Best Mode for Carrying Out the Invention

Preferred embodiments of the present invention will
be described hereinafter in detall with reference to the
drawings.

[Description of Carrying Method]

FIG. 1 is a flowchart of a carrying method of the
present invention.

First, a crude o0il tanker for a mixed loading of the
naphtha and crude o©il is designated based on an amount of
the naphtha or crude oil to be carried and a destination
port of the crude oil tanker (step S1}). In this case, a
combination of the naphtha and crude o0il by which a
carrying cost 1is most inexpensive 1is selected from a
plﬁrality of combinations, so that the crude oil tanker may
be designated and the amount of the naphtha to ke loaded
may be determined. Additionally, for the crude oil tanker
having a possibility of the mixed lcading of the naphtha
and crude o0il, to prevent early corrosion of components

such as a tank and/or a packing because of a difference in

of



a plurality of conbinations, so that the crude oil tanker may be

desi gnated and the anobunt of the naphtha to be | oaded may be determ ned.
Additionally, for the crude oil tanker having a possibility of the m xed
| oadi ng of the naphtha and crude oil, to prevent early corrosion of
conponents such as a tank and/or a packing because of a difference in 12
properties between the crude oil and qaphtha, t hese conponents may be
repl aced wi th conponents which do not “~“quickly or easily corrode by the
napht ha and crude oil. The designation of the crude oil tanker and the
determ nati on of the ampunt of the naphtha to be |oaded in the crude oi
tanker caPtBReBut®fmt BALUSPRg FhEgnertdeappidat @9es wehtds a ddmma er.

FIG 2 i hengt Stitut h le of
| udgmont SPETACIES WiESh St GHRCPESH v § LogeeraRARHaL SPHObeos. drie of

tanker toq@fcré§§l@ﬁ%@&lﬁ%ff&j@wrttheofnatpha%h%a%%h@rhaebslhoaded in the

crude oil =~ tanker. A judgnent apparatus 21 includes: an input neans 22

such as a keybomtel famsiignattildnngod cahéyidwndd aniaf thekeer uged oidheand
napht ha; a sailing situation nonitor neans 24 to nonitor sailing
S|tuat|on@eiﬁrﬁﬂﬁ§§é§§éd05rﬁﬂ% anduet eah thInﬁﬁhkéﬁstoabﬁeédﬁWﬁﬁtenneans 23

to wite read arr, pl an i nputted fron1 in ut ne ns 22 and

t he sail?%% STt %I(ﬂé; E%Pﬁ% Tcr 788 and C?%Bﬂm%?? Mmefdspect to
a dat abasg,2or 2@, MOCERS NGk MPNF AR L0 J udge and det erm ne the crude oil
tanker to be designated and the

FIG. 2 is a schematic constitution diagram showing
one example of a judgment apparatus which automatically
judges and determines a crude oil tanker to be designated
and the amount of the naphtha to be loaded in the crude oil
tanker.

A judgment apparatus 21 includes: an input means 22
such as a keyboard for inputting a carrying plan of the
crude oil and naphtha; a sailing situation monitor means 24
to monitor sailing situations of possessed crude and clean
oil tankers; a read/write means 23 to write or read the -
carrying plan inputted from the input means 22 and the
sailing situations of the crude and clean oil tankers with
respect to a database 25; a processing means 26 to Jjudge
and determine the crude oil tanker to be designated and the
amount of the naphtha to be loaded from the carrying plan
and sailing situations of the crude and clean oil tankers;
and an output means 27 such as a printer and display to
output a processing result of the processing means 26.

The sailing situation monitor means 24 successively
transmits the sailing situation telegraphed from the

sailling crude and clean oil tankers to the read/write means



amount of the naphtha to be | oaded fromthe carrying plan and sailing
situations of the crude and clean oil tankers; and an output neans 27 such
as a printer and display to output a processing result of the processing
means 26. The sailing situation nonitor neans 24 successively transmts
the sailing situation tel egraphed fromthe sailing crude and clean oi
tankers to the read/wite neans 13 23, _.and wites the situations in the

dat abase 25. The dat abase 25 stores t%ﬁes and nanmes of the possessed crude
and clean oil tankers, |oading capabilities of the crude and cl ean oil
tankers, the current sailing situations (current position, destination,
port of cébt, aneésiihegedhs el ofatdirisvan thed defrebiiskefSef the crude and

clean oil tankers inputted fromthe saili situati on nonitor neans 24,
schedul e of peﬁ}b%i RS i gy, SrRFeS upc&%ers t ﬁélcﬁeﬂan@a?r ryifng FH%an

inputted fromiheqidpie RANS (Say ryd n ! ﬁﬁ% il: .and
napht ha, %ort of call ?suppp?é%%éf t g%%?%Eégo?fggﬁéﬂﬁap tqgfgtlE%
desti natiof, thar ratude dahe, @A heili kehkeThe pracessirpgnieans 1261y
determ nes the crude and clean oil tankers by which the carrying is
possi bl e $htuaccvrdandcarwenh tiesidaratyi ngeptanabased @orthec§aidailig
situations stored in.the database_ 25. Moreover, the _processing neans
obtains_t?ﬁ?%ﬂﬁﬁﬁﬁ {#m?hBEnéﬁﬁﬁﬁﬁlwhﬁﬂq ih%}%%ﬁqbaﬁ%dth?oﬁFPﬁﬁ & yi ng
capabi | 119 ol theyy detendaed optdecnl | sEgakernand, e prowite of Lhe crude
y u Y., e

oil to be carried by the carrying plan. bsequent processi ng nmeans

26 consi degsitde means 24, schedule of pericdic inspections, and
further the next carrying plan inputted from the input
means 22 (carrying tons of the crude oil and naphtha, port
of «c¢all (supplier o©f the crude o¢il and naphtha),
destination, carrying date, and the like).

The processing means 26 determines the crude and
clean oil tankers by which the carrying is possible in
accordance with the carrying plan based on the sailing
situations stored in the database 25. Moreover, the
processing means obtains the amount of the naphtha which
can be loaded from the carrying capability of the
determined crude oil tanker and the amount of the crude oil
to be carried by the carrying plan.

Subsequently, the processing means 26 considers the
supplier (port of call) of the crude oil and naphtha
indicated in the carrying plan, calculates/obtains a total
carrying cost of the crude o0il and naphtha in the carrying
plan, increases/decreases the amount of the naphtha to be
loaded if necessary, and determines the crude oil tanker
and the load amount of the naphtha sc¢ that the total

carrying cost is most inexpensive.




supplier (port of call) of the crude oil and naphtha indicated in the
carrying plan, calculates/obtains a total carrying cost of the crude oi
and naphtha in the carrying plan, increases/decreases the anount of the
naphtha to be |oaded if necessary, and determ nes the crude oil tanker

and the | oad anount of the naphtha so that the total <carrying cost is nobst
i nexpensi ve. 14 The crude oil tanker é%r al so carrying the naphtha is
determned in this manner, further the“port of call and tinme schedul e of
the crude oil tanker and clean oil tanker are determ ned, and these are

outputted to the output nmeans 27 such as the display. V%en t he crude oi
tanker for al solRar¢yndRy ehke TRl hEOY 2 bR epa g rtftﬂwélaaiﬁtt\l@— descri bed

d boar.d tank to be | ith th bt hs
esi gnat TP B ACHI dial T15° of T BBAr d WIEE df SpoSBS: P T 1 RBLEr e o

t anker ba@?ﬂeogcﬁgguﬁngﬁttHE Egﬁd@agh&h%ah%erb%anQQ%%. %iqpcﬁ%gg G 3

is a schematic plan view of a crude oil supertanker suc or al so
carryi ng dhe daphathined) candleclpide tankesutipitiaddides whaldirmhitt ¥ne@fng nboar d
tanks 11. A naphtha 3 is different fromcrude oil 2 in density (or

speci fic gf a¥i¢ly, asledes ibetblay t he density in the following) Therefore,
when t he napht and carrjed, it is

3 d | both | d
necessary to IQQHB aﬁgmiggﬁﬁﬁﬁogoﬁftﬁagﬁﬁﬁ bgpgﬁcggﬁBt THOERE &5 oubl e
in_the Sabbiiih olotBELEEHEReG! knt RAKCLpbyaFlscd 80 HRRLLRS ngphtha is

| oaded into five of
inboard tank to be loaded with the naphtha is next

designated from a plurality of inboard tanks disposed in
the crude oil tanker based on the amount of the naphtha to
be loaded (step S2).

FIG. 3 1is a schematic plan view of a crude oil
supertanker such as VLCC for alsoc carrying the naphtha.

A crude oil tanker 1 includes a plurality of inboard
tanks 11. A naphtha 3 is different from crude oil 2 in
density (or specific gravity, described as the density in
the following). Therefore, when the naphtha 3 and crude
01l 2 are both loaded and carried, it is necessary to load
the naphtha 3 with good balance not to cause a trouble in
the sailing of the crude o0il tanker 1.

FIG. 3 shows that the naphtha is loaded into five of
the plurality of inboard tanks 11. In the drawing, the
inboard tanks 11 for carrying the naphtha are denoted with
cede N, and the inboard tanks 11 for carrying the crude oil
are denoted with 0. Moreover, WBT denotes a ballast tank.

As shown, the inboard tanks 11 for carrying the
naphtha and the inboard tanks 11 for carrying the crude oil

are designated with geocod balance from side to side and back



the plurality of inboard tanks 11. In the drawing, the inboard tanks 11
for carrying the naphtha are denoted with code N, and the inboard tanks 11

for carrying the crude oil are denoted with 0. Mreover, WBT denotes a
bal | ast tank. As shown, the inboard tanks 11 for carrying the naphtha and
the inboard tanks 11 for carrying the crude oil are designated with good

bal ance fromside to side and back 15 gnd forth with respect to a traveling
direction of the crude oil tanker 1 23 that a gravity center position of
the crude oil tanker 1 is as immbile as possible. Additionally, for the
i nboard tank having a possibility that the tank is designated to carry the
napht ha, a‘Padiditd wWayhbes®sicdcetionia htapvehénd pabidansionchofs tBR
Nitrile _Butadi ene Rubber) whigch corrodes.little by the naphtha. Moreover,
50 | oad t‘ﬁjéu%%p(ﬁjfﬁfa??e?si n%%e@%%tfyat%ra‘ﬁjr%’ nc?rhtee%rﬁﬁfeltdi N Andifii ng in
the pipi ngr@fet hgyjorudgsnQkl tanker sl opsboargyigea drai n., the dippoard
tanks 11 connected to the drain are to be useg exclu5|veI§)for the crude
oi |, and Radl utleda bef or ebandtii¢ o rdest gnat ieviely &hedgrigand thanks 11
for carrying the naphtha. When the inboard tanks for carrying the naphtha
are designat ebhei verlons? ddeat vt thecalify efehcwnhihdengs topcMisgneen t he

ht h d de oil, | evel gayge di sposed in each inboard tank is
ggfust2da%%¥g%gS§FPlﬁﬁﬁgo@@F%'t %%ﬁ§?d%gﬁ%lQ%es?ﬂ%andNpganﬁﬁr ryi ng

the napht@a.ig: dRshahnand ey %&'x%%% ‘iri?@?te%&%e AbyAgRal s renmoved
fromthe inboard tank as much as possible (step $4).

Moreover, to load the naphtha, it is necessary to
drain the crude o0il remaining in the piping of the crude
0oil tanker 1 on board via a drain. The inboard tanks 11
connected to the drain are to be used exclusively for the
crude oil, and excluded beforehand from the designation of
the inboard tanks 11 for carrying the naphtha.

When the inboard tanks for carrying the naphtha are
designated, in consideration of the difference in density
between the naphtha and crude cil, a level gauge disposed
in each inboard tank is adjusted (step S3).

Moreover, the inside of the inboard tank for carrying
the naphtha 1s washed, and the remaining crude oil or
sludge is removed from the inboard tank as much as possible
(step S4).

The inside of the inboard tank may be washed using an
exclusive-use detergent or seawater, or may also be washed
using the crude oil carried in the previous sailing. The
remaining crude oil sticks to the inner wall surface of the
inboard tank, but the amount is slight with respect to the

amount of the naphtha to be loaded in the inboard tank, and

the amount of the c¢rude o0il mixed with the naphtha



The inside of the inboard tank may be washed using an excl usive-use
detergent or seawater, or nmay al so be washed wusing the crude oil carried
in the previous sailing. The remaining crude oil sticks to the inner wall
surface of the inboard tank, but the anmpbunt is slight with respect to the
anount of the naphtha to be |loaded in the inboard tank, and the anount of

the crude oil mxed with the naphtha (material naphtha) can be set to be
sufficiently not nore than an all owable val ue. Mdreover, when the
remaining crude oil is drained before the |oading of the naphtha, the

amount of the crude oil mxed in the naphtha can be reduced. The naphtha
may be IO&H@Bﬁ%ﬁﬁkrnéphb%@bréaﬂh@elGﬁﬁiNQD bt eHELEFGERTOYI NoBeftne | oadi ng
t he napht the cr sl udge, remai ning in the bottom.of the

i nboar d tg%%n are S#ngﬁggﬁy it-af fred ?PY%?@p“’%?‘ the ¢ Hisadadd 9 t he
amount of 1lag. csuges i e i X akhe nAPhiha N Jurdher, b ireduged. 1

order to prevent the mxing of the crude oil e nap erever
possi bl e, amdwertic t ket naplet haridel oaded,mistdie qmudehel | nasivehai ngard nehe
pi ping of the crude oil tanker on board is drained into the inboard tank

to be |o&R@esEth the crude oil (or already Ioaded) using the drain (step
Che napht ha | s LOpTRTEGE dHY tiorBesl THES [oadivioter e Wasitha | oto
the designat edei QQQﬁfd éﬁpk | Ber§F8T 18D 65EER O naphtha, the crude

oil and sludge remaining in the bottom of the inboard tank

are preferably drained again (step S5). In this case, the

amount of the crude oil mixed in the naphtha can further be

reduced.

In order to prevent the mixing of the crude oil in
the naphtha wherever possible, when the naphtha is loaded,
the crude o0il remaining in the piping of the crude oil
tanker on board 1s drained into the inboard tank to be
loaded with the crude o0il (or already loaded) using the
drain (step 85).

By the above-described procedure, the preparation for
the loading of the naphtha is completed, and thereafter the
loading of the naphtha into the designated inboard tank is
started {step S6).

Additionally, in this case, in order to further
reduce the amount of the crude o0il mixed in the naphtha,
the naphtha is loaded at a relatively low speed in an early
stage after starting the loading of the naphtha, so that
the crude o0il or sludge remaining in the bottom of the
inboard tank is not stirred.

Moreover, when the naphtha is loaded slowly in the




Additionally, in this case, in order to further reduce the anmount of the
crude oil mxed in the naphtha, the naphtha is |loaded at a relatively | ow
speed in an early stage after starting the |oading of the naphtha, so that
the crude oil or sludge remaining in the bottomof the inboard tank is not
stirred. Moreover,. when the naphtha is |oaded slowy in the 17 early stage
after the start of the loading in thiz7nanner, generation of static
electricity by friction of the naphth and i nboard tank can be inhibited
as nmuch as possible, and this is al so advantageous in a safety aspect. The
| oadi ng of the naphtha is conpleted in the above- described procedure.

After theSebhpl 8E2oh dftehethBadiagt 6f the ASsRERE, ithdhispmaraaZenai ni ng
inthe piping is. discharged into the inbagard tank |oa Wit h napht ha,
and 1osh TERTirE TS e Ent BRI Bheat BTG T o ude
oi | | oadeghd ni H 96 AROVENKdESRT HbRednREBE AN §sakRchakls §blaphhe desiination
by a . common crude oil tanker (step S7) . Furthernore, when a pressure in
t he i nboatldis aink alsesdiuritgiddies Sai la rg.fetwabepenay be spread over a deck
to cool the inboard tank. This can prevent the | oss of the naphtha by

vapori zation. Meolerding vafl vid1d grardtljiss thishg e ek sur dhef almye—i nboar d
ank e hex P08 ool ISRELIZLoN, SHferof, Lie DRENLNS ot orude
ggg;?ga;hggggggzgﬁapﬁ@@aPaQ%EhangﬁﬂthQr%%%5§9H%gbgh§'E%E upl 9aded.; gl n this
discharged into the inboard tank lcoaded with the naphtha,
and loss is preferably prevented wherever possible.
The naphtha and c¢rude o0il loaded in the above-
described procedure are carried to the destination by a
common crude oil tanker (step 87). Furthermore, when a
pressure in the inboard tank rises during the sailing,
water may be spread over a deck to coel the inboard tank.
This can prevent the loss of the naphtha by vaporization.
Moreover, a valve for adjusting the pressure of the
inboard tank may be prepared.
In the destination, either of the naphtha or crude
0oil may first be unloaded. If the naphtha is loaded after
the crude o0il during the loading, the naphtha may
preferably be first unloaded. In this case, an operation
of removing the crude o0il from the piping on board can be
omitted, and the amcount of the crude o0il mixed in +the
naphtha can also be reduced. When the naphtha is unlcaded,
an eductor apparatus of this ship is used to completely
drain the naphtha from the inboard tank.

Moreover, if the <c¢crude o0il 1is loaded after the

naphtha during the locading, the may first be unloaded.



of renoving the crude oil fromthe piping on board can be omtted, and the
anount of the crude oil mxed in the naphtha can al so be reduced. Wen the
napht ha i s unl oaded, an eductor apparatus of this ship is used to
conpletely drain the naphtha fromthe inboard tank. Moreover, if the crude
oil is |loaded after the naphtha during the |oading, the may first be

unl oaded. 18 Subsequently, simlarly g descri bed above the crude oil in
the piping is drained (step S8). After“the piping is filled with the

napht ha, the unloading of the naphtha is started (step S9). Furthernore,

al so duringbthe unl oadi ng, the naphtha may slowy be unloaded in the
vicinity DEPTEEUPRELHm DIt Ly ihosierdaified shavimatther wdeds [03dr 81 udge

remai ning_jin the. inboard,tank s ,not stiryred. ditionall after, the
napht ha i &' TnFodddd  &5r L BHsor i(RGSPr e% hent et]ﬁe%rﬁl nb%ja?WQarJﬂ? such as

the washi ag) obqt hethnheRy dyd H¥h M tBhet RS1GEUIRGO0Idr | SndT BRERARLY scarri ed

out. Wen a land piping (the piping disposed on’land, 1ncluding a piping
portion extendedg(dioerd e )sea berth from the land on the sea) connected to
a ship piping is distinguished for the naphtha and crude oil, the | and

pi pi ng for the HapMeiangRs, belegedurdngnitdd whboadptd hatheamgrtida and

Phe. presdity | Tty it 1 LTa0GDst B 6 Chadiny iy e HGHThEuErRg the
crude olliABOURE VAORE SGALAYENErGESTohe bRCXREASLY FendBH 1hBCLR! AR AN
inboard tank is not stirred. Additionally, after the
naphtha is unlocaded, a zrust proofing treatment of the
inboard tank such as the washing of the inbecard tank with
the crude o0il is preferably carried out.

When a land piping (the piping dispcsed on land,
including a piping portion extending to the sea berth from
the land on the sea} connected to a ship piping is
distinguished for the naphtha and crude o0il, the land
piping for the naphtha may be used to unload the naphtha,
and the land piping for the crude oil may be used to unload
the crude oil.

According to the present invention, it is possible to
carrying the naphtha using the crude o0il tanker whose
carrying cost 1s inexpensive, and therefore an effect is
produced that the carrying cost of the naphtha can largely
be reduced.

A concrete effect of the present invention is shown
in the following table.

This table shows the reduction of the carrying cost

in the mixed loading and carrying of 50,000 tons of the

naphtha with the crude o0il in a VLCC as the crude oil




produced that the carrying cost of the naphtha can largely be reduced. A
concrete effect of the present invention is shown in the follow ng table.
This table shows the reduction of the carrying cost in the m xed |oading
and carrying of 50,000 tons of the naphtha with the crude oil in a VLCC as
the crude oil 19 supertanker. In 2001, the carrying cost per ton was about
$20 for the crude oil tanker, and abo&% $31 for the clean oil tanker oi
tanker for the naphtha. [Table] Carrying unit Carrying Carrying cost

$/ ttonnagecost VLCC$2050, 000 t $1, 000, 000 d ean oil tanker$3150, 000

t $1, 550, 000 Di fference$ll$ 550, 000 As shown above, according to the present
|nvent|onsuP?¥R§Q%ﬁ¥ylh@lc%%Qlcahh%ecﬁéHMé%@ E?SEbﬁﬁf $950W@@Oab@P$ 500,

000 yen i conversiQ 1 = 130,y I n ThIS
ndi vat o5 That S EafRy iRy st BT e AN CAAL beoF ohiFed 1E8 about
2/ 3 of the;conventi anal 408 cHienefong, he%ordl ng to the present
invention, the <cost reduction of the material naphtha, which has

heretof ore been difficult, can easily and largely be achieved. Moreover,
when the properties of the unl oaded

[Table]
Carrying unit|Carrying Carrying
cost $/t tonnage cost
VLCC $20 50,000 t $1,000,000
Clean c¢il tanker 531 , 50,000 t 51,550,000
Difference 511 $ 550,000

As shown above, according to the present invention,
the carrying cost can be reduced by about $550,000
(71,500,000 yen in terms of conversion of $1 = 130 yen) in
one carrying. This indicates that the carrying cost of the
naphtha can be reduced to about 2/3 of the conventiocnal
cost. Therefore, according to the present invention, the
cost reduction of the material naphtha, which  has
heretofore been difficult, can easily and largely be
achieved.

Moreover, when the properties of the unloaded
material or product the naphtha were checked, a slight
color change was recognized, but the mixed amount of the
crude oil was very small, and was sufficiently below the
allowable value prescribed by laws such as a law regulating
the operation of the apparatus.

[Description of Transfer Method]
Additicnally, when the land piping is not

distinguished for the naphtha and crude o0il, the land



material or product the naphtha were checked, a slight color change was
recogni zed, but the m xed anpunt of the crude oil was very small, and was
sufficiently below the allowable value prescribed by | aws such as a | aw
regulating the operation of the apparatus. [Description of Transfer

Met hod] Additionally, when the land piping is not distinguished for the
napht ha and crude oil, the |and 20 pig&zg for the crude oil can be used to
unl oad the naphtha. |In this case, kn t echni ques of Japanese Patent
Application Laid-COpen Nos. 2001-108200 and 1995-83399, and Publication No.
1982- 25760, nay be used to transfer the naphtha 3. In the present

enbodi neM®1PERE oW e FrYEe 1Bl GRnge MeeRododBsdPrBelhai RAPRERRF ence to

FIG. 4 to 10, ile.the _m xed_anopun f the cru il is mnmzed, the
cormon 1 and. i ng TS USRI o PEARs! 7 PREIT DS o1 | B RApHENEF ol G 4
is a scheggti cocdd ook di AgrEseshevs ng2boanshes oo Shhyatisans ghAgbhe sgppodi nent
of a transfer nethod of the <crude oil and naphtha according to the present
i nvent i onPulAddid i ionral Ny,. aldypazs7 @i pmagy, aad udeel | itke arensOat t ttéet from
FIG 4 for ease of understanding. In FIG 4, the |arge-sized tanker 1

i ncl udes B@PHhEality of inboard tanks 11 as carrying tanks, the crude oi

2 and napht ha are | oaded i.n the inboard tanks .11 . different from each
other so that t @}%c%r%ﬁefntan%rﬁ?f}a eﬁgc’ AL S Fed Wi &%ele](@ﬁ"lgf;her, and

the tankefedifodMU L idkd Wi 56 RGN AT J K8 AT 1y iRg 19eSLinaki @Re
mixed amount of the crude cil is minimized, the common land
piping is used to transfer the crude oil and naphtha.

FIG. 4 is a schematic block diagram showing transfer
situations in the embodiment of a transfer method of the
crude oil and naphtha according tce the present inventicn.

Additiocnally, a bypass piping, and the 1like are
cmitted from FIG. 4 for ease of understanding.

In FIG. 4, the large-sized tanker 1 includes a
plurality cof inboard tanks 11 as carrying tanks, the crude
0il 2 and naphtha 3 are loaded in the inboard tanks 11
different from each other so that the crude oil and naphtha
are not mixed with each other, and the tanker is moored in
the sea berth as the carrying destination.

Moreover, the large-sized tanker 1 usually includes a
pump 12 for transferring the loaded crude oil 2 into tanks
for the crude o0il 4 on land. In the sea berth, a wvalve 51,
pressure gaudge 52, and piping 53 for transferring the crude
0il 2 fed from the pump 12 are disposed. Furthermore, a
densimeter 54 is disposed if neceésary.

Furthermore, as storage tanks, a plurality of tanks 4

for the crude c¢il and tanks 6 for the naphtha are disposed



Moreover, the |arge-sized tanker 1 usually includes a punp 12 for
transferring the | oaded crude oil 2 into tanks for the crude oil 4 on

|l and. In the sea berth, a valve 51, pressure gauge 52, and piping 53 for
transferring the crude oil 2 fed fromthe punp 12 are di sposed.
Furthernore, a densinmeter 54 is disposed if necessary. Furthernore, as
storage tanks, a plurality of tanks 4,,for the crude oil and tanks 6 for

t he napht ha are di sposed 21 on |l and, and connected. to the tip end of the
pi ping 53 extended in the vicinity of the tanks 4, 6 via valves 61.
Additionally, FIG 5 shows a schematic flowchart in_ one enbodi nent of the

transfer PetHGd%f #H: EPOBECHEF &y thaphiRa %%%opéiﬂﬁ“Topiﬁén%réfbnt |
. . ae 0 . . " AR
ienc o Catebgtel Yoot e 6 Sy Crue,oLLy s ganster o

after the e transfer ho t he crude

oi | and napht heddit tdhes presentc enBodHmRRL ,a t Behehsdec Oich oRc8Rdr ngphtha 3
are transferred via one piping 53. When the «crude oil 2 is transferred to

t he r espect¢ venpagikserdt 6f ohhel andnfem mhehodbodr dheacksdél oifli rastd t he

piping 53 is  connected to the tanks for the crude oil 4 (step S11). In
this case?2RHEN2rARCHIIND FRnBihsPTec e PrPiRgOB3. Crisetedy, iy st

when t he Q?BHE i I ans r into.fhe_tanks 6.for the_paphtha, it is
necessary to g?sgﬁaﬁéel(ﬁﬂgﬁéphqwg% (\g/)}ia ?ﬁea%ﬁkaprllsnfge%%e&anﬁfgﬁgh tlhﬁe crude
oil 2 in fdhenhhPing ssbdto the tanks for the crude oil 4 by this punping

action. Subsequently, the anount of the crude oil 2 remaining
According to the transfer method of the crude oil and

naphtha 1in the present embodiment, the c¢rude oil 2 and
naphtha 3 are transferred via one piping 53. When the
crude oil 2 is transferred to the respective tanks 4, 6 on
land from the inboard tanks 11, first the piping 53 is
connected to the tanks for the crude oil 4 (step S11).

In this case, the crude o0il 2 remains in the piping
53. Therefeore, first, when the naphtha 3 is transferred
into the tanks 6 for the naphtha, it is necessary to
discharge the naphtha 3 via the piping 53 and push the
crude o0il 2 in the piping 53 into the tanks for the crude
0il 4 by this pumping action.

Subsequently, the amount of the crude oil 2 remaining
in the piping 53 which connects the inboard tanks 11 to the
respective tanks 4, 6 is calculated beforehand (step S12).

Here, usually the piping 53 having the closed wvalves
51, 61 is substantially filled with the crude oil 2. 1In
this case, a capacity in the piping 53 can be calculated as
the volume {amount) of the crude oil 2.

Subsequently, to start the discharge, the valves 51,

61 are opened, the naphtha 3 is discharged from the inboard



in the piping 53 which connects the inboard tanks 11 to the respective
tanks 4, 6 is calcul ated beforehand (step S12). Here, usually the piping 53
having the closed valves 51, 61 is substantially filled with the crude oi
2. In this case, a capacity in the piping 53 can be calculated as the

vol une (anmount) of the crude oil 2. Subsequently, to start the discharge,
the valves 51, 61 are opened, the naphtha 3 is discharged fromthe inboard
22 tanks 11, and the discharge amount “0f the naphtha 3 is mneasured (step
S13). The ampbunt can be neasured, for exanple, using a flowreter connected

to the piping 53, nmeasuring the height of a solution surface of the
i nboard tBs@kK911ler #MAsEPPNPLIIFHRTE gAPOBRtt I sbhat ingwhddief ade 16f t he

receiver tank 4. Subseq |y, when the discharge anount of the naphtha 3
fromttmaT?&E%E%Ptgﬁf?ﬂgﬁgg'substantially the sanme as the pre-cal cul ated

amount of the req@i Rid@ner Udsn Ad Reabfeedl schay gexahptiBe naphtha 3 from
the inboard tanks 11 is stopped, and the receiver tanE is changed to the

tank for fhewcstste odhndcfesdnde hehéapkpiog BhAe aeaderiapl the( $tedph$ld) .
Addi tionally, substantiallé the sane anount is described above. This is
because thk &l Fohablennprefacandlinthef inkeagdugensi 112 oft gegserdaght ha 3
changes

changes WAL ndfB 241 Bl HERE GOTRONIdS, sOnLagnedcL o Le chydy of | 2

receiver tank igychangetd 0 when the discharge amount of the
naphtha 3 from the inboard tanks 11 is substantially the
same as the pre-calculated amount of the remaining crude
oil 2, the discharge of the naphtha 3 from the inboard
tanks 11 is stopped, and the receiver tank is changed to
the tank for the crude oil 6 from the tank for the crude
0il 4 (step S14).

Additionally, substantially the same amount is
described above. This 1is because the allowable mixed
amount of the crude o0il 2 into the naphtha 3 changes with
the ratio of heavy compounds contained in the crude ocil 2
and the total transfer amount of the naphtha 3.

Subsequently, after the receiver tank is changed to
the tank 6 for the naphtha from tank for the crude oil 4,
the discharge of the naphtha 3 from the inboard tanks 11 is
restarted, and the naphtha 3 is stored in the tank 6 for
the naphtha (step 515).

Additiocnally, when the transfer of the naphtha 3 from
the inboard tanks 11 ends, the pump 12 of the large-sized
tanker 1 stops.

As described above; according to the transfer method

of the crude o0il and naphtha in the present embodiment,



the tank 6 for the naphtha fromtank for the crude oil 4, the discharge of
the naphtha 3 fromthe inboard tanks 11 is restarted, and the naphtha 3 is
stored in the tank 6 for the naphtha (step S15). Additionally, when the
transfer of the naphtha 3 from the inboard tanks 11 ends, the punmp 12 of
the large-sized tanker 1 stops. As described above, according to the
transfer nmethod of the crude oil and2 aphtha in the present enbodi nent, 23
when the naphtha 3 is discharged, the"Crude oil 2 remaining in the piping
53 can be pushed out into the tanks for the <crude oil 4 by the punping
action, and therefore the m xed , anount of the crude oil 2 into the naphtha

3 can effRel | Vet Y RITRRIut el IbtdRasicdsithie TS Sdi & GeaAidnen agent
for Sep%ﬁ?ttﬂg E?ﬁéﬂ?p@%h%aﬁ %ggﬁﬁﬂﬂﬂ§ géﬁtgiﬂrgnkﬁac@gﬁ her. ., dogs, not

have to be use ranster step can sinplifred. SequentTy, the
crude oilc2u@d &he hnboatdet pakpidd aekibRe Lavgehsireedrbarker mh dedt
transferred into the tanks 4 for the crude oil. In this case, since the
napht ha 3amameti nsof n the prpdag 53] i £ idnheceskar ynaphphnah Gut cahe
naphtha 3 in the piping 53 into the tanks 6 for the naphtha. Therefore,
the pipi B tivelef tbq FasB%6hnected to the tanks 6 for the naphtha (step

S16). Subsequen; | t he amnunt of_.t he naphtha 3 r i.-ning _in the piping 53
whi ch connect sr}ﬁ%%écfvnebrdardﬂtné:rﬁ(s tff t CH%e® par%r'{%lon agent ok

separating the naphtha 3 and crude o0il 2 from each other
does not have to be used, the transfer step can be
simplified.

Subsequently, the crude oil 2 of the inboard tanks 11
of the large-sized tanker 1 is transferred into the tanks 4
for the crude oil.

In this case, since the naphtha 3 remains in the
piping 53, it is necessary to push out the naphtha 3 in the
piping 53 into the tanks 6 for the naphtha.

Therefore, the piping 53 is left to be connected to
the tanks 6 for the naphtha (step 516). |

Subsequently, the amount of the naphtha 3 remaining
in the piping 53 which connects the inboard tanks 11 to the
respective tanks 4, € is calculated beforehand (step S17).

Next, the crude oil 2 is discharged from the inboard
tanks 11, and the discharge amount of the crude il 2 is
measured (step S18). When the discharge amount of the
crude oil 2 from the inboard tanks 11 is substantially the
same as the pre-calculated amount of the remaining naphtha
3, the discharge of the cxude o¢il 2 from the inboard tanks
11 is stepped, and the receiver tank is changed to the tank

4 for the crude oil from the tank 6 for the naphtha (step



respective tanks 4, 6 is cal cul ated beforehand (step S17). Next, the crude
oil 2 is discharged fromthe inboard tanks 11, and the di scharge anount of
the crude oil 2 is neasured (step S18). \Wen the di scharge anount of the
crude oil 2 fromthe inboard tanks 11 is substantially the sane as the
pre-cal cul ated anount of the remaining naphtha 3, the discharge of the
crude oil 2 fromthe inboard tanks 1%4is st opped, and the receiver tank is
changed to the tank .4 for the crude oil fromthe tank 6 for the naphtha
(step 24 S19) . After the receiver tank is changed to the tank 4 for the
crude oil _fromthe tank 6 for the naphtha, the discharge of the crude oi

2 fromthet?hboard tanks 11 is restarted, and the crude oil 2 is stored in

t he tanks 4-fcn%f%gg gﬁgdf%ggivé§t@%n§2%%écﬁggé%%ggglkxe %@%ﬂ th%d&ransfer

of the crude oi fromthe 1Tnboard ta the 'punp 12 i's st opped,
and the wavesrife &lilaregrghosede Thenef ose, rihe ghaideRidtrA, remins in
the piping 53. In this case, when the crude oil 2 is discharged, the
napht ha 3drswmardgeigof nthhecpupengildl3 T afrde pushedboatdi henkst hé tianks 6
for the naphtha by the punping action, and the m xed anmount of the naphtha

3 into t HeETrUdedi 120 ddif FfctaVeld Ie stediscedn Add tHedXs 14y fothe
pr esent %ﬁ%@g&ﬂﬁﬂ%cﬁﬁ_aﬁﬁﬁg?%ﬁ% relate to the transfer nethod of the
and ‘hapht ha n

crude oil case 'in which first the naphtha 3 is discharged
from the |argexddzetbdanker dnandisdbsaquardy therpeuds-Qid di1 2

from the inboard tanks 11 ends, the pump 12 is stopped, and

the walves 51, 61 are closed. Therefore, the crude oil 2

remains in the piping 53.

In this case, when the crude oil 2 is discharged, the
naphtha 3 remaining in the piping 53 can be pushed out into
the tanks 6 for the naphtha by the pumping action, and the
mixed amount of the naphtha 3 into the crude o0il 2 can
effectively be reduced.

Additionally, the present embodiment is assumed to
relate to the transfer method of the crude oil and naphtha
in a case in which first the naphtha 3 is discharged from
the large-sized tanker 1 and subsequently the crude oil 2
is discharged. However, the order of the discharge is not
especially limited, and the discharge may alsoc be performed
in the opposite order (after discharging the crude oil,
naphtha is discharged). This order 1s determined in
consideration of the loading situation {only the crude oil,
oxr crude oil/naphtha) of the tanker to be unloaded.

In the transfer method of the crude o0il and naphtha
according to the present embodiment, for example, when the

amount of the crude o0il 2 remaining in the piping 53 is



i s discharged. However, the order of the discharge is not especially
limted, and the discharge nay al so be perforned in the opposite order
(after discharging the crude oil, naphtha is discharged). This order is
determned in consideration of the |loading situation (only the crude oil,
or crude oil/naphtha) of the tanker to be unloaded. In the transfer nethod
of the crude oil and naphtha accordi g to the present enbodi nent, for
exanpl e, when the anmount of the crudé&”oil 2 remaining in the piping 53 is
25 cal cul ated beforehand (step S12), at |east a tenperature or density of

the remaining crude oil 2 is preferably used as a correction elenent. In
t hi s casesabpieaiere W@%@Ja@ﬁﬁﬁﬁ Sdlfz tthet degstfttha 3 Fmsmaties wioar d

tanks 11 is obtaln d_fromthe .anou of the_crude oi asur%? u5|ng a

fixed scal@anty oftt aC AR Fy ‘Eﬁ‘éd%rﬁa 6i >0 Prgfreéégﬁg’eﬂlse

possi bl e § o-SPFEECLoR JEAHENENt error by tenperature and den5|ty
differences fromthe crude oil 2 already stored in the tanks 4 for the

crude oil. Therreiorghid heddey nghed ehangeitbeatedk dndare t kef crode oil to
the tank 6 for the naphtha can be obtained with good precision. In the

present eMpRibend, frea déﬁ%l%vb@emdbeaﬂhéaééreusb?bt%eH@@n§rﬁ@t§h654
attached to the Mpr eover.,, sim | a
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PIPINg 53£5 4,2l cyhpt od petonghand(sge 1§}117)>f Lhe Lemnerat ur g, of o densi ty

of the nap tha 3 may of course be use
possible to correct a measurement error by temperature and

density differences from the crude oil 2 already stored in
the tanks 4 for the crude o0il. Therefore, the timing to
change the tank 4 for the crude o0il to the tank 6 for the
naphtha can be obtained with good precision.

In the present embodiment, the density can be
measured by the densimeter 54 attached tc the piping 53 on
a pump 12 side.

Moreover, similarly as described above, also when the
amount of the naphtha 3 remaining in the piping 53 is
calculated beforehand {step 517, the temperature or
density of the naphtha 3 may of course be used as the
correction element.

Furthermore, when the discharge amount of the naphtha
3 is measured (step 813), the discharge amount of the
naphtha 3 from the inbcard tanks 11 may also be measured
using the fixed scale 42 of the tank 4 for the crude o0il of
the receiver. In this case, the discharge amount of the
naphtha 3 from the inboard tanks 11 can simply and securely
be measured, and the timing to change the receiver tank to

the tank 6 for the naphtha from the tank 4 for the crude



correction element. Furthernore, when the discharge anount of the naphtha

3 is neasured (step S13), the discharge anbunt of the naphtha 3 fromthe

i nboard tanks 11 rmay al so be neasured wusing the fixed scale 42 of the tank
4 for the crude oil of the receiver. In this case, the discharge anmount of
the naphtha 3 fromthe inboard tanks 11 can sinply and securely be
nmeasured, and the timng to change th% receiver tank to the tank 6 for the
naphtha fromthe tank 4 for the crude ?6 oi | can be obtained wth good
precision. Simlarly, when the discharge anount of the crude oil 2 is

nmeasured (step S18), the, di scharge ampunt of the crude oil 2 fromthe
i nboard t thgﬂﬁ%W%yO?ﬁah%%ﬁ§@uﬁé‘%%%%&Féﬂﬂﬁ&ﬁnng a fixed scale 62 of the

tank 6 for the f eiver,._ Additjonall i nce the specia
partition agentgl?rgﬁ%le}g’arﬁ]ele[}lg{f%eéln%%ﬁ%e <3 néonlﬂlatcrc}/ufdetsrbﬁ 15 2'%% dth-each
other is 2nos Wegeuiadt herdsesent, !W@@iﬁha%@%ﬂﬂﬁ{ﬁ/ A die cAgphtha 3
and crude oil 2 corresponds to a mxed fluid with the naphtha 3 and
crude oiloRlnExddomheéhel ninbiwsi niaxed flliday bf foumed ibe teaqidaidng 53 by
a distance, determ ned by various conditions. Therefore, when the mxing
of the crdndi? BLE%R oS¢hke napmhatlz itenkreviai ddie grartidaniofedtgnount ~ of
t he crude g&%i%%into the naphtha 3 is controlled, it is necessary to know
0

the state e mxed fluid 7 in accordance with the di scharge anount of

the naphtha 3 ota@ittemdily 2. sEh& €nshowssichenplici @i A9r agenef dfie m xed
flurdin separating the naphtha 3 and crude oil 2 from each other is
not wused in the present invention, a boundary of the
naphtha 3 and crude o0il 2 corresponds to a mixed fluid 7
with the naphtha 3 and crude o0il 2 mixed therein.

This mixed fluid 7 is formed in the piping 53 by a
distance determined by various conditions. Therefore, when
the mixing of the crude oil 2 into the naphtha 3 is
prevented, or the mixed amount of the crude o©il 2 intc the
naphtha 3 is controlled, it is necessary to know the state
of the mixed £luid 7 in accordance with the discharge
amount of the naphtha 3 or crude oil 2.

FIG. 6 shows schematic diagrams of the mixed fluid in
the piping in the embodiment of the present invention, (a)
shows a sectional view of a state in which the naphtha is
discharged into the piping with the crude o0il remaining
therein, and (b) shows a sectiocnal view of a state in which
the crude oil is discharged into the piping with the
naphtha remaining therein.

In the drawing (a), when the naphtha 3 is discharged
into the piping 53 with the crude o0il 2 remaining therein,

the mixed fluid 7 having a distance L1 is formed in the




the piping in the enbodi nent of the present invention, (a) shows a
sectional view of a state in which the naphtha is discharged into the
piping with the crude oil remaining therein, and (b) shows a sectional
view of a state in which the crude oil is discharged into the piping with
the naphtha remaining therein. In the drawing (a), when the naphtha 3 is
di scharged into the piping 53 with tag crude oil 2 remaining therein, the
m xed fluid 7 having a distance L1 is“formed in the 27 piping 53, and the
di stance L1 of the mxed fluid 7 depends on the length of the piping (see
FIG 10). Mreover, a concentration curve indicates a ratio of the naphtha

3 to the RibHeIoP?/ 25¢%h Bhedisnet kheobhiiadisg fhedhaprigrendstio

i ncreases_to d e qti d aof. t.he mxed, flui,d .7, and the naphtha ratio
dr ops tom%lild%@érle%%gt%n% ur theériot e(,selenqﬂtI € &(r&éwl ng (b), when the crude

oil 2 is di schasgeskdnt 0at BEnPERE PG BSn WehiPvbhenpaphtba 3 HeuRi Ny
therein, the mxed fluid 7 having a distance L2 is fornmed in the piping

53, and ttlee displarice I 2 ofthdecrumeest I |ith % sHandian widepends pdmdg he
| ength of the pipi ng. Addi tional ly, the concentration curve indicates the
rati o of the ERadeasfhfh2 gtike inapieises3 iavanse Yeettbn ofd ife thiepi ng 53,

t he crudem&ldr iodq creases, ftoward the tri . end of the mixed fluid 7, and
the crude™ort rgﬁ”% |§Creae{§ st1t ol Fﬁe g&ro e(ﬂtocqu—le{]%‘}'a]f% Br d&f %t o
mnimze ghe m xture of the crude

Furthermore, in the drawing (b}, when the crude oil 2
is discharged intc the piping 53 with the naphtha 3
remaining therein, the mixed fluid 7 having a distance L2
is formed in the piping 53, and the distance L2 of the
mixed fluid 7 similarly depends on the 1length of the
piping.

Additionally, the concentration curve indicates the
ratio of the crude o0il 2 to the naphtha 3 in the section of
the piping 53, the crude cil ratio decreases toward the tip
end of the mixed fluid 7, and the crude oil ratio increases
toward the rear end.

Here, in order to minimize the mixture of the crude
cil 2 and naphtha 3, it is necessary to execute a flow rate
control of the naphtha 3 or crude o0il 2 to discharge and a
changeover control of the storage tank with good precision.

That is,' when the flow rate control (control of the
discharge speed) of the naphtha 3 or c¢rude ocil 2 to
discharge 1is executed, with the shorter distance of the
mixed fluid 7 in the piping 53, the mixed amount of the
naphtha 3 and crude oil 2 can be reduced.

Moreover, 1in the changeover control of the storage




oil 2 and naphtha 3, it is necessary to execute a flowrate control of the
naphtha 3 or crude oil 2 to discharge and a changeover control of the
storage tank with good precision. That is," when the flow rate control
(control of the discharge speed) of the naphtha 3 or crude oil 2 to

di scharge is executed, with the shorter distance of the mxed fluid 7 in
the piping 53, the m xed anount of th napht ha 3 and crude oil 2 can be
reduced. Moreover, in the changeover control of the storage 28 tank, that
is, inacontrol of the timng to stop the discharge of the naphtha 3 or
crude oil ththqaftate of the mxed fluid 7 being transferred cannot
directly b8" obselfedIStherfef 8r €4 idw st afestht thBiBEUdE oBtoR, HEpht ha

3, d m j i he., pi pi 5 . , d_this f | ysi
Cesult | <Cereraran ot uan RO S e ERMNITE A st S S the

m xed anompkeadf ttheidcrude wéing@ i Bkankherpa@ht Bandow t hy1Ge4 19 egisi on,
and it 1is also possible to prevent disadvantages that a given™ ratio of or

nor e heavgbgenpodndsharef oixetllom stwtamphf hiehs crantk tdiel mMphdphthd s
contam nated by the heav¥ compounds, In the fluid analysis, the flow states
of the crudedldi IMEeqabhthd 3, HhdtRex&dPingi ¥ arehanedpyeed, t anche

di schar ge w y rom a contlinuity equation 1), .nonent um
equat i on E%Q tfulr ul %ﬁ%%§gn%%elzleeceéd;&§t |mEL)%l (%Se,fera d i FPGET on %é]uaﬁl'iloqn (4)
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pi ping 53 can be calculated fromthe continuity equation (1), nonmentum
equat i on ¢2Yde apdl d2f fuspbohhequabhbtha(4) with good precision, and it

is also possible to prevent disadvantages that a given
ratio of or more heavy compounds are mixed in the naphtha 3
and the naphtha 3 is contaminated by the heavy compounds.

In the fluid analysis, the flow states of the crude
oil 2, naphtha 3, and mixed fluid 7 with respect to the
discharge flow rate are analyzed from a continuity equation
(1), momentum eguation (2), turbulence model equation (3},
and diffusion equation (4) shown in FIG. 7.

In the drawing, a concentration distribution in the
piping 53 can be calculated from the continuity equation
(1), momentum equation (2}, and diffusion equation ({4).

Subsequently, the flow state of the mixed fluid 7 is
analyzed, the flow analysis result is used, and the timing
to stop the discharge of the naphtha 3 or crude oil 2 from
the inboard tanks 11 is determined. In this case, the
naphtha or crude oil ratio in an arbitrary position of the
piping 53 can be obtained. Therefore, for example, even
when a part of the mixed fluid 7 is pushed out into the

tanks 4, 6, the crude 0il or naphtha amount of the mixed

fluid 7 in the piping 53 can be calculated with good




Subsequently, the flow state of the mxed fluid 7 is analyzed, the flow
analysis result is used, and the timng to stop the discharge of the
naphtha 3 or crude oil 2 from the inboard tanks 11 is determned. In this
case, the naphtha or crude oil ratio in an arbitrary position of the

pi ping 53 can be obtained. Therefore, for exanple, even when a part of the
mxed fluid 7 is pushed out into the anks 4, 6, the crude oil or naphtha
anount of the mxed fluid 7 in the pgéing 53 can be cal culated with good
29 precision. Mreover, when the crude oil 2 or naphtha 3 remaining in the
piping 53 is discharged into the tanks 4 for the crude oil or tanks 6 for
the naphtH&7“tht°®di scharge speed of the naphtha 3 or crude oil 2 is

changed o (LN L AT Tl S B, 1

is pOSSIb|e to se the di arge spee

so that the dihst angesd! 5312 s0fqidigdrigeed Iﬂn%dthé Gahie feguged.,cThe
crude oil or naphtha can be transferred, while the m xing of the crude oi

2 into therudaphihaoc® itmnkisnidn zed. tha aaphyhas ekanplie oNadgenededae
described with reference to the drawings in which the transfer nethod of
the crude®®di Fhﬁn@aﬁ’élﬁﬁtaha@ REOLHNAY b1t He Jp?e@l"emge@nb@aiinﬁme famw t he

o0 P2 UL RN 51 uBe, 0012 L MEBEILLD AL, (P e ol 2
on land fsomphe +Hbgardeotapks d1lschAPELYSheeEX8RPLBL naphtha 3 or
crude oil 2 so that the distances 11, L2 of the mixed fluid
7 can be reduced. The crude oil or naphtha can be
transferred, while the mixing of the crude o©il 2 into the
naphtha 3 is minimized.

An analysis example will next be described with
reference to the drawings in which the transfer method of
the «crude o0il and naphtha according to the present
embodiment, and the piping 53 filled with the crude oil 2
are used to transfer the crude oil 2 and naphtha 3 to the
tanks 4 for the crude o0il and tanks 6 for the naphtha on

land from the inbecard tanks 11.

(Analysis Example)

FIG. 8 shows schematic diagrams of the analysis
example of the flow state of the present embodiment, (a)
shows an analysis model diagram, and (b) shows a graph
indicating a change of a discharge speed (flow rate).

In the drawing (a), the piping 53 has an inner
diameter of about 1.2 m and a length of about 9 km, the
crude oil 2 remains in the piping, and the naphtha 3 is

discharged from the pump 12 of the large-sized tanker 1




FIG 8 shows schematic diagrans of the analysis

exanple of the flow state

of the present enbodi nent, (a) shows an anal ysis nodel diagram and (b)
shows a graph indicating a change of a discharge speed (flowrate).
drawing (a), the piping 53 has an inner dianmeter of about 1.2 mand a
| ength of about 9 km the <crude oil 2 remains in the piping, and the

naphtha 3 is discharged fromthe pungglz of the | arge-sized tanker

(not shown). Moreover, in the draw ng

shown by

manner,
di st ance
state of

b), for the discharge speed

a]g /]?aﬂ)é’u:ri legn%lré%lg%?rcajns b MY edt T
dhecrxgd tbued.7 ifefore stopping the transfer, the Fflow
rate 1s reduced similarly and substantially in proportion
to time, and the transfer is stopped. |

On the other hand, in the transfer method of the
crude o0il and naphtha according to the present invention,
the discharge speed of the naphtha 3 immediately after the
discharge start is rapidly raised up to the predetermined
discharge speed.

When the discharge speed 1is rapidly increased
immediately after the discharge start of the naphtha 3 in
this manner, and a turbulent state is obtained as guickly
as possible, the distance of the mixed fluid 7 can be
minimized.

That 1s, when the flow state of the mixed fluid 7 is
simulated, and the discharge speed of the naphtha 3 or
crude oil 2 1is changed immediately after the discharge
start, the length of the mixed fluid 7 of the naphtha 3 and
crude o0il 2 in the piping 53 can be shortened, and the
mixing of the naphtha 3 and crude oil 2 in the piping 53
can be minimized.

Additionally, the method of changing the discharge

speed of the naphtha 3 or crude o0il 2 based on the flow

In
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naphtha 3, the flowrate is usually increased in proportion to tine. As

a usual discharge curve, wth a predeterm ned di scharge speed
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simul ated, and the discharge speed of the naphtha 3 or «crude oil 2 is
changed i medi ately after the discharge startf the Iength of the m xed
fluid 7 of the naphtha 3 and crude oil 2 in the piping 53 can be
shortened, and the m xing of the naphtha 3 and crude oil 2 in the piping
53 can be mnimzed. Additionally, the method of changi ng the discharge
speed of the naphtha 3 or crude oil 2_based on the flow 31 analysis of the
naphtha 3, crude oil 2, and mxed flui'd 7 including the crude oil 2 and
naphtha 3 in the piping 53 in pushing out the crude oil 2 or naphtha 3
remaining in the piping 53 into the tanks 4, 6 is not limted by the
change ofNehesH? sehat§eé $s@bdhaard FHUds 01% of, erBApMméxedi thuidi Jposi ng
condition he_pi.ping, reover,_the di,scharge speed of the naphtha 3 or
crude oi If% in%@lrg% e %n‘gre%fi\élbr%@d%taer@ rbaé?%&éa tﬂelrbﬁg'b%é?lé)emgstf’gp.lq n this
case, it hSsPOS§i Bhe tae0kLAWR the td g ang ecei:ver . tank to
the tank % for the naphtha or the taﬁip4n%%?t§%egc§3gggg?ﬁgfﬁgnfﬁﬁé tank 4
for the cpiwingobd bdntohehtanknbsf oy Bhesnapht Namiitel @godHer etissigen, and

the crude oil 2 can nore securely be prevented frombeing nixed in the
napht ha 3t Fitde odigchaggapts i ngnehedikfgmwter forat exafplhe wirtdde oil

and naphtgfsandwgnq;ca.iana t%gq_fer.annunt toa transfer tine in the
anal ysi s &xanpt & bf QQég%ﬁég%ﬁ} 3%56&@&&%: First, the situation of the
pr esent n'anal ySivoRx Rt & chk! lahefesey 1 Bededi tr Tefier ence ki the Jfil onchart
> crude oil 2 may be changed immediately before the discharge

stop. In this case, it is possible to obtain the timing to

change the receiver tank to the tank €6 for the naphtha or

the tank 4 for the crude c¢il from the tank 4 for the crude

0il or the tank 6 for the naphtha with good precision, and

the crude o0il 2 can more securely be prevented from being

mixed in the naphtha 3.

FIG. 9 is a graph showing the transfer state of the
crude oil and naphtha and indicating a transfer amount to a
transfer time in the analysis example of the present
embodiment.

First, the situation of the present analysis example
will be described with reference to the flowchart shown in
FIG. 5.

The large-sized tanker 1 is a 300,000 ton class
tanker, and carries about 230,000 KL of the crude oil and
about 70,000 KL of the naphtha in a plurality of inboard
tanks 11 so that the crude o0il is not mixed with the
naphtha.

Moreover, the crude oil 2 remains in the piping 53

before the transfer start.




FIG 5. The large-sized tanker 1 is a 300,000 ton class tanker, and
carries about 230,000 KL of the crude oil and about 70,000 KL of the
naphtha in a plurality of inboard tanks 11 so that the crude oil is not

m xed with the naphtha. Mreover, the crude oil 2 renmains in the piping 53
before the transfer start. 32 Wen the piping 53 with the crude oil 2
remaining therein is used to transfe 2the naphtha 3 into the tanks 6 for
t he naphtha fromthe inboard tanks 117"the piping 53 is connected to the
tanks 4 for the crude oil (step SlII). Subsequently, the anount of the crude
oil 2 remainin in the piping 53 _which connects the inboard tanks 11 to
the tanks 4 f%?h‘%rhetéﬁud@Rﬂiqgig%éﬂl&?l atle’dl KEreeeing Estrnaisdimg  For

the | arge-sjized tanker ored at the sea_b h, , the inboard tan 11

| oaded w%lﬁéltz IR n%lsph‘fﬁ%&BgDr ra%%%%]écggﬁ ngﬁkéapﬁnﬁn%? &i?‘?p&—_?élﬁfsi ?t he

| ar ge- si zegh t @ik e apHs h ANek- drh e KU Mh s RUSHES O Uty t R Lrdids Qi 1532 sremai ni ng
in the piping 53 into the tanks 4 for the crude oil, so0 that the naphtha
3 is di schamgsdaedtion tite pigpikeg HIdr amet keudenboar dstapks11y.

Subsequently, the discharge anount of the crude oil 2 is neasured using

the fixed scal SUBsIueEdch ttitk At tofe theudeusia idt & rSmB)iniFgre, the
raSTa, Sk L SET ST B SEDBNAS e SN MR RE S B o,
tanks 4 for the crude oil is calculated beforehand (step
S512) .

For the large—sized tanker 1 moored at the sea berth,
the inboard tanks 11 loaded with the naphtha 3 are
connected to the pump 12 disposed in the large-sized tanker
1, and the pump 12 pushes out the crude o0il 2 remaining in
the piping 53 into the tanks 4 for the crude oil, so that
the naphtha 3 1is discharged into the piping 53 from the
inboard tanks 11. Subsequently, the discharge amount of
the crude oil 2 is measured using the fixed scale 42 of
each tank 4 for the crude oil (step S13).

Here, the naphtha 3 1is discharged in a discharge
curve shown in FIG. 8(b) based on the analysis result.

FIG. 10 is a graph of a concentration curve showing a
naphtha concentration distribution of a piping length
direction in the analysis example of the present
embodiment.

In the drawing, concentration curves A, B, C are
naphtha concentration curves in piping lengths. For
example, the concentration curve A shows the concentration
curve of the naphtha of the mixed fluid 7 extending in a

piping length of about 2350 m to 2650 m about 0.6 hour




napht ha concentration distribution of a piping length direction in the
anal ysi s exanple of the present enbodinent. In the drawi ng, concentration
curves A, B, C are naphtha concentration curves in piping |lengths. For
exanpl e, the concentration curve A shows the concentration curve of the
naphtha of the mxed fluid 7 extending in a piping |length of about 2350 m
to 2650 m about 0.6 hour 33 after thej@ scharge start. That is, when the
naphtha 3 is discharged in the discharge curve, only the crude oil 2
exists in the piping 53 after the piping |l ength of about 2650 m the crude
oil 2 and_.pnaphtha 3.exist in the piping 53 extending in a piping |ength
of about §§g69n¥F% %%%@hﬂ¥g% %e®brdance with the concentration curve A

and only the na a .3 ex] i th Lping, 53 _before the piping length of
about 2350 m I\/gfr?gegvel%,’ thggrﬁﬁ xed fﬁﬁ?ﬁlcgéhg% a°l e%ﬁ%aoﬁqeégogp %O}ﬁe min
the pipingibdhasgd auraphtBalyathe chudeModd! © ROMIEHAN i iR pAARPI LI 0N
of the piping |l ength of about 2500 n) is about 40 vol% In this case, a
reason why3taétaaphhhapiping lengtie ofri aobet pp30 an, ofhd herudexaegi flauid 7 is

not about 5Q vol%is _that the density of the naphtha 3 is snaller than
that of ®he BROQENBI P 2X1GheAnt AECd@HHIN0ed ofexipadingdd roid 2 rimy

o1 ping. 53" 2an"Be Ckarti it oot i P RDon B Bei ¥ oRcSRE#E00EY M ihe Hisad
fluid 7 | epgtdensat®f curve A, and only the naphtha 3 exists in the
piping 53 before the piping length of about 2350 m.

Moreover, the mixed fluid 7 has a length of about 300
m in the piping 53, and a naphtha ratio in a middle portion
(i.e., a position of the piping length of about 2500 m) is
about 40 vol%.

In this case, a reason why the naphtha ratio in the
middle portion of the mixed fluid 7 is not about 50 vol% is
that the density of the naphtha 3 is smaller than that of
the crude ©0il 2. When the densities of the crude o0il 2 and
naphtha 3 are measured with good precision, the flow
analysis in the piping 53 can be carried out with good
precision.

Moreover, the mixed fluid 7 lengthens when
transferred in the piping 53. For example, about 1.2 hours
after the discharge start, as shown by the concentration
curve B, when the tip end of the mixed fluid 7 is in about
5225 m, the rear end is in about 4775 m, and the mixed
fiuid 7 has a length of about 450 m in the piping 53.

Further with the transfer, for example, about 2.4
hours after the discharge start, as shown by the

concentration curve C, when the tip end of the mixed fluid




transferred in the piping 53. For exanple, about 1.2 hours after the

di scharge start, as shown by the concentration curve B, when the tip end
of the mxed fluid 7 is in about 5225 m the rear end is in about 4775 m
and the mxed fluid 7 has a length of about 450 min the piping 53.

Further with the transfer, for exanple, about 2.4 hours after the

di scharge start, as shown by the con%%ntration curve C, when the tip end
of the mxed fluid 34 7 is in the position of about 9365 m the rear end is
in about 8635 m and the mxed fluid 7 has a length of about 730 min the

pi pi ng 537 Wien the concentration curve is calculated with the tip end of
the m xed’fLGi d77 Y¥adhPsgttHe ehd@8PUENE3EPpithg t53 Feak headndsnd™ t he

crude oil Nt - he _oix fl Ui 7-can, b alcul ated, wt od
precision?gﬁﬁgrgﬁgge&’tﬁed‘ggﬁﬁéﬁgg?jé%ggh @bﬁ%ﬁngd%§9ggﬁkf$é%§F’ t he
crude oil73anpuit tie thpidaxess fluid 7 fromthe crude oil ampbunt remaining
in the piping 53 is pushed out into the tanks 4 for the crude oil, and it
can then be knowren hahet hentteptrefndoof durerem Xedchloudaedeadhas tthke end of
the piping, 53. That is, it can_be known that the tip end of the m xed

fluid 7 hasPreaehed the Bieedf Tk pl pierrisand dihaiiqnd qleddte theiswd _
several sEsonecRliehapBLEOKGE (BUBD MOI"orlhB-UiR TAL Ffilhe plinep 11

7 is pushed out "I'n e “tani _ S _ gt!
concentrati eAn WY VEaPEuldeed %eenhf ldddh pr&fBiNbNY | Brbherpi-Ri NgHR3 can

be obtained fromthe flow analysis result, and the m xed crude oil anount
can be catcwdat ediw shogobd girtecirsiconby subtracting the crude oil
amount in the mixed fluid 7 from the crude oil amount
remaining in the piping 53 is pushed out into the tanks 4
for the crude oil, and it can then be known that the tip
end of the mixed fluid 7 reaches the end of the piping 53.
That is, it can be known that the tip end of the
mixed fluid 7 has reached the end of the piping 53, or will
reach the end several seconds after. Moreover, even when
the tip end of the mixed fluid 7 is pushed out into the
tanks 4 for the crude oil, the length and concentration
curve of the mixed fluid 7 remaining in the piping 53 can
be obtained from the flow analysis result, and the mixed
crude oil amount can be calculated with good precision.
Therefore, while the crude cil amount mixed in the naphtha
3 is controlled with remarkably good precision, the crude
0il 2 remaining in the piping 53 can be pushed out.
Additionally, to minimize the naphtha 3 to be
transferred into the tanks 4 for the crude oil without
substantially mixing the crude o0il 2 in the naphtha 3 of
the tanks 6 for the naphtha, when the rear end of the mixed

fluid 7 passes through the piping 53, the discharge of the



Therefore, while the crude oil anmpunt m xed in the naphtha 3 is controlled
with remarkably good precision, the crude oil 2 remaining in the piping 53
can be pushed out. Additionally, to mnimze the naphtha 3 to be
transferred into the tanks 4 for the crude oil without substantially

m xing the crude oil 2 in the naphtha 3 of the tanks 6 for the naphtha,
when the rear end of the m xed quid3g passes through the piping 53, the
di scharge of the 35 naphtha 3 may be Stopped. Mreover, the crude oi

anount which can be mxed in the naphtha 3 is set. In this case, since the
di scharge stop position of the mxed fluid 7 can be calculated from the
concent r atFBRERAr ¥ MEN RECHYWRBRE with the mixed crude oil anmount, the

m xed anount of de, 0] | Lnto.th napht ha 3 can be cantrpolled with
good preci sion. d%%%%ﬁbn?ﬁ%,cmﬁ%% %ﬁ% §P88H§r§é15nn&ﬁF EP tHé&hapht ha 3
fromthe tnboarghtanks llsisesubstrantipld ycibe, saBeasrHche M@HajLul ated
anount of the remaining crude oil 2, the discharge of the naphtha 3 from

t he i nboasdopt pnkstidni sfsttdped, xcahdf Tuned r écebuebet arald dud. atlkangadnt o t he
tank 6 for the naphtha fromthe tank 4 for the crude oil (step Sl14).

Mor eover , taf t PR ERREFREEPV eFUFERK NS AERARFRACEOWERE thgnRiFeorcnusie napht ha

1 om k| GblE, R s fanfl SSbateg, ot gepnita o gm the
for the papitihga {step sl Vontitled RE & YR POre21386dS to be transferred.

Subsequently, when the discharge amount of the
naphtha 3 from the inboard tanks 11 is substantially the
same as the pre-calculated amount of the remaining crude
oil 2, the discharge of the naphtha 3 from the inboard
tanks 11 is stopped, and the receiver tank is changed to
the tank 6 for the naphtha from the tank 4 for the crude
0il (step S14).

Moreover, after the receiver tank is changed to the
tank 6 for the naphtha from tank 4 for the crude oil, the
discharge of the naphtha 3 from the inboard tanks 11 is
restarted, and the naphtha 3 is stored in the tank 6 for
the naphtha (step S15).

Next, the <c¢rude o©0il 2 needs to be transferred.
However, in this stage, the naphtha 3 remains in the piping
53.

Therefore, in the same manner as in pushing out the
crude oil 2 remaining in the piping 53 by the naphtha 3,
this time the naphtha 3 remaining in the piping 53 is
pushed out into the tanks 6 for the naphtha by the crude
oil 2.

Additionally, the subsequent steps can be carried out




However,

pi ping 53 by the naphtha 3,

in this stage, the naphtha 3 remains in the piping 53. Therefore,
in the same manner as in pushing out the crude oil 2 remaining in the

this time the naphtha 3 remaining in the

piping 53 is pushed out into the tanks 6 for the naphtha by the crude oi

2. Additionally,

t he subsequent steps can be carried out 36 simlarly as

descri bed above. That is, to naxinize3%he naphtha 3 to be transferred into
the tanks 6 for the naphtha without m™Xing the crude oil 2 in the naphtha
tanks 6 for the naphtha, when the tip end of the mxed fluid 7

reaches the end of the gé i.ng 53, the discharge of the crude oil 2

stopped. SNBFedURY, 2% e
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NAELS+O8] Nghtherpuep k2 antbvadt vesieh, Bh dd fsSd in the
naphtha 3 1is set. In this case, the discharge stop
position of the mixed fluid 7 is calculated from the
concentration curve in accordance with the mixed crude oil
amount, and the discharge of the crude o0il 2 may be stopped
so that the mixed fluid 7 stops in the stop position.

In the present invention, the calculation of the
crude oil remaining in the piping, the comparison of the
calculated remaining crude oil amount with the measured
crude oil amount, the flow analysis of the mixed fluid, and
the like are performed by a control apparatus (not shown).

Additionally, the control apparatus may also use the
flow analysis result to automatically control the
opening/closing the pump 12 and wvalves 51, 61. In this
case, the mixed amount of the crude oil 2 into the naphtha
3 can be controlled with good precision.

When the wvalves 51, 61 are of a manual type, an
operator opens/closes the valves based on an instruction of
the control apparatus.

Moreover, when the amount of the pushed-out crude oil
2 or naphtha 3 is measured by the fixed scale 42 or 62, and

the amount of the naphtha 3 or crude o0il 2 discharged from




case, the m xed amobunt of the crude oil 2 into the naphtha 3 can be
controlled with good precision. Wen the valves 51, 61 are of a nanual

type, an operator opens/closes the valves based on an instruction of the
control apparatus. Mreover, when the amount of the pushed-out crude oil 2
or naphtha 3 is neasured by the fixed scale 42 or 62, and the anmount of
the naphtha 3 or crude oil 2 discharg%q from37 the inboard tanks 11 is

cal cul ated fromthe nmeasurenent result, the neasurenent result is inputted
into the control apparatus every predetermned tinme, and the flow state of
the mxed fluid 7 can then be known. Here, for the timng to input the

measur enehf€r dSNRTS ntdPkhe ldont P olCedSarieds, T¥Qr ERGnEIASWRRISAT i me t he
anount in S I about 5000 kl. of guant.i t

i ndi cat ed£%§@?ﬁb ﬁ;{?(ﬁggé%%%?g?ﬁer%%rlesrrelnr%pl?t(r)te%é(uIJtn%%%}hepﬁqrétdxgﬁnt o the
control appassitss chEEyherEBEecrRYBEYN tHifR,! NG AMPMEL £i BGT 835¢s by about
200 kI from about 1000 k[ of the quantity indicated by the fixed scale,

t he nmeasutleeentxedstlyiarely deen itipaut thed kmatwm. t he control apparatus. In this
case, the flow state of the mxed fluid 7 can be known with good

precision. The Heferfed ERBoSLRERY 6P tHOUS ddentngaspaismest Hesulieen
d to the_above-descri bed

d i bed t i tion i t |im
et EL M LS ce B e A A S At
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the VLCC or a crude oil tanker
quantity indicated by the fixed scale, the measurement

result is inputted into the control apparatus.
Furthermore, every time the amount increases by about 200
k1l from about 1000 kl of the quantity indicated by the
fixed scale, the measurement result may be inputted into
the control apparatus. In this case, the flow state of the
mixed fluid 7 can be known with good precision.

The preferred embodiment of the present invention has
been described, but the present invention is not limited to
the above-described embodiment.

For example, the present invention can alsoc be
applied not only to the VLCC but also to a ULCC as a crude
oil tanker much larger than the VLCC or a crude oil tanker

smaller than the VLCC.

According to a transfer method of the crude oil and
naphtha of the present invention, the crude oil tanker is
loaded with both a crude o0il lot and naphtha lot, and a sea
berth to piping exclusive for the crude o0il are used in
common. While the mixing of the crude c¢il and naphtha is

minimized, the crude oil and naphtha can separately be




smal l er than the VLCC. According to a transfer nethod of the crude oil and
napht ha of the present invention, the crude oil tanker is | oaded with both
a crude oil lot and naphtha lot, and a sea berth to piping exclusive for
the crude oil are used in common. While the m xing of the crude oil and
naphtha is mnimzed, the crude oil and naphtha can separately be 38
contained in tanks. That is, even whenthe naphtha is transferred to a

| and tank fromthe crude oil tanker having carried the naphtha via the

pi ping for the crude oil, the m xing of the crude oil into the naphtha
(contam nation, of the naphtha) can be suppressed to be not nore than a

| evel usabPRtasnedut®ri@tkfhapht ha. Industrial Applicability The present

i nvention can be _appl.j ed, xanpl e, .to a railroad car with a
tanker, car, a?#% %ng?’ gﬁﬁg}h%ﬁ$$kggeiggg%&iaidﬁstgr?ﬂ§§?ﬁﬁﬁgr%%sﬁ1p). 39
CLAI M5 1. 1énaethat ofrear raHdgcenyde Kl apfdxbapHha i t Baar-i€QMByp carrier
and transferring the crude oil and naphtha to a storage tank froma

carryi ng rapkthy vhe pheingpingofrishagtide sdéieps fe {iYintsiory i d

pi ping to discharge the naphtha or crude oil to said storage tank from

sai d car r%%%etahi, 10 |t s aidPpi i ngcpstedineeied 08 &hearerdtdyrhadhe crude

oil or qgggtg%;suppressed to be not more than a level usable as

material naphtha.

Industrial Applicability
The present invention <can also be applied, for
example, to a railroad car with a tanker, car, airplane,

and the like, in addition to the tanker (ship).




(2) calculating an ambunt of the crude oil or naphtha remaining in said

pi ping via which said carrying tank is connected to the storage tank

bef orehand; (3) discharging the naphtha or crude oil fromsaid carrying
tank, and neasuring a discharge amount; (4) stopping the discharging of the
naphtha or crude oil fromsaid carrying tank and changi ng a receiver tank
to the tank for the naphtha or crude. @il fromthe tank for the crude oi
or napht ha, when the di scharge anount “6f the naphtha or crude oil from
said carrying tank is substantially the sane as the pre-cal cul ated anount
of the crude oil or naphtha remaining in said piping;, and (5) restarting

t he disch%?ﬁ?%@ of the naphtha or <crude oil fromsaid carrying tank after
changi ng said tank, and storing naphtha or the crude oil into the tank for
naphtha or the crude oil. 2. The transfer nethod of the crude oil and

napht ha 40 accor di ng dex HdRidR load Mo QR ST Nhd heyHeRs «Afth 2
analyzing a flow of the crude oil, the naphtha, and a mxed fluid

i ncl udi ngcethreorer vderoer and raphtdfzdrmngaithei pinge oahd ausi ngadthehsf | ow
analysis result to determne a timng at which the discharging of the
napht ha of° crrud&t8rfI®r dritdai dToBard yiCAGrvAAR | sa’l opyedons. PR ndansf er

met hod of +@§lf%l:%jn§ tqitl%esacnd napht ha according to claiml1l or 2 wherein the

step of ca arount ‘of the crude oil or napht ha remaining in

sai d piping befprehagdnhndudespiienst eBS Al S &nd €ashheha or
tenperature, density, or specific gravity of the remalning
crude o©il to said storage tank from said carrying tank,
while said piping is connected to a tank for the crude oil
or naphtha;

{(2) calculating an amount of the crude oil or
naphtha remaining in said piping via which said carrying
tank is connected to the storage tank beforehand;

{3) discharging the naphtha or crude oil from said
carrying tank, and measuring a discharge amount;

(4) stopping the discharging of the naphtha or crude
oil from said carrying tank and changing a receiver tank to
the tank for the naphtha or crude oil from the tank for the
crude oil or naphtha, when the discharge amount of the
naphtha or crude o©0il from said <carrying tank is
substantially the same as the pre-calculated amount of the
crude oil or naphtha remaining in said piping; and

{5) restarting the discharging of the naphtha or
crude oil from said carrying tank after changing said tank,
and storing naphtha or the crude oil into the tank for

naphtha or the crude oil.

2. The transfer method cof the crude oil and naphtha




crude oil or naphtha as a correction elenment. 4. The transfer nmethod of the
crude oil and naphtha according to any one of clains 1 to 3, further
conprising the steps of: using a fixed scale of said receiver tank to
measure the di scharge anount of the naphtha or crude oil fromsaid
carrying tank. 5. The transfer method of the crude oil and naphtha
according to any one of clains 1 to 4, further conprising the steps of:
changi ng the di scharge speed of the naphtha or crude oil based on said

fl ow anal ysis result, when pushing out the crude oil or naphtha renaining
in said iping.into the_tank. 6. The transfer nmethod of the crude oil and
napht ha 4§C CEOHHT nd R 0CeRaPm &, fUREr cOMNBPT LT HY t k&est 8p8Pef :of changi ng

Lo Ll oehangeyoRee e oh1ad de DAROOARL SIHORl nadfiIRG 2 5 A

starting Ischargrng of said nap a ‘orcru _

bef ore st eoppiagihBeuddhgchaegidide’ oifiheatd afshringet hod Ay thg, Gl pde oil
and naphtha according to claim6, further conprising the steps of~

rapi dly randinginhetlle sthaw genabeeis ofesaid naphtwrmime o udenigid at

i mredi ately, after starting the discharging of said naphtha or crude oil up

to a pred%@%ﬁ?ﬁ?%% @ﬁgﬁ@ﬁﬁikpggﬁgéaya naphtha or crude o0il from said

carrying tank is stopped.

3. The transfer method of the crude oil and naphtha
according to claim 1 or 2 wherein the step of calculating
the amount of the crude oil or naphtha remaining in said
piping beforehand includes the steps of using at least a
temperature, density, or specific gravity of the remaining

crude oil or naphtha as a correction element.

4. The transfer method of the crude ocil and naphtha
according to any one of claims 1 to 3, further comprising
the steps of: using a fixed scale of said receiver tank to
measure the discharge amount of the naphtha or crude oil

from said carrying tank.

5. The transfer method of the crude oil and naphtha
according to any one of claims 1 to 4, further comprising
the steps of: changing the discharge speed of the naphtha
or crude oil based on said flow analysis result, when
pushing out the crude oil or naphtha remaining in said

piping into the tank.

6. The transfer method of the crude o0il and naphtha




41

according to c¢laim 5, further comprising the steps of:
changing the discharge speed of said naphtha or crude oil
immediately after starting the discharging of said naphtha
or crude o0il and immediately Dbefore stopping the

discharging.

7. The transfer method of the crude o©il and naphtha
according to claim 6, further comprising the steps of:
rapidly raising the discharge speed of said naphtha or
crude oil immediately after starting the discharging of
said naphtha or crude oil up to a predetermined discharge

speed.




