CRUDE O L STORAGE AND TANK NMAI NTENANCE BACKGROUND OF
THE |1 NVENTI ON FI ELD OF THE | NVENTI ON [ 0001] This
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bl ends and fractions in refineries and petrochem ca
plants. In particular, this invention relates to crude
oi |l storage tanks and the cl eaning, maintenance and
management of storage tanks. DI SCUSSI ON OF RELATED ART
[0002] Precipitation of asphaltenes in crude oi
storage tanks can occur as a_nesult of inproper _
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heel s t h@RUDHE 61D STORAGEARDPTAAIRIAREENAER
waxes or adding OilTs at contarn
possess relatively high Insolubility Nunbers (In).
BS A RS Tk i nita interfere with effective
—#@%&@g— R e INVENTION. 5 detrinental ef fect
on refinery processes by accelerating fouling in
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[0002] Precipitation of asphaltenes in crude oil storage tanks can occur as a

result of improper blending of crude oils. For example, improper blending can
occur when adding poor-solvent crude oils to tank heels that contain high levels
of asphaltenes and/or waxes or adding oils that contain asphaltenes that possess
relatively high Insolubility Numbers (In). Such asphaltene precipitates interfere
with effective storage tank operation and have a detrimental effect on refinery
processes by accelerating fouling in pre-heat train exchangers and furnaces. The
precipitates create an accumulation of sludge in the bottoms of storage tanks

used for crude oils and other high gravity petroleum products.

[0003] Such precipitation can create large sludge build ups, which may
accumulate to depths of one meter or more in the large tanks used for crude oils.
Extreme levels of over eight feet have been reported. The build up interferes
with floating roof operation, mixing, pumping, and measurement. In some

instances, the sludge levels are so high that floating roofs can be damaged. The



[ 0004] Sl udge renoval also prevents or decreases
contam nation of the products noving through the
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foul heat exchange equi pnent, particularly the
pre-heat train exchangers. As is well known,
asphal tene precipitates can accunul ate on heated .
surfaces and coke, forming a |ayer of residue that is
difficult to remove. This is a wde spread problemin

refineries and petrochem cal _p%T_gnts as it adversely
affects efficiency and rai ses i ntenance costs.
[ 0005] The costs to renove sludges can be very high
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for refinery tank cleaning by physical nethods, such
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heated water, at tenperatures as high as about 45C.
[0007] Sol vent washing is | ess costly and reduces the
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pumps. Current practices for refinery tank cleaning by physical methods, such
as removing the sludge mechanically as a solid material, are time-consuming,

labor-intensive and costly.

[0006] Alternative cleaning techniques include water washing or solvent
removal. Water washing is typically accomplished by jetting water with a
dispersant into the sludge to break it up and soften it, after which it can be
pumped out in the form of a slurry for disposal, for example in a cement plant.
High pressure wash jets promote break up of the mass of sludge. Pressures of up
to 100 bar have been used. Softening of the sludge is also assisted by the use of

heated water, at temperatures as high as about 45°C.

[0007] Solvent washing is less costly and reduces the amount of organic
materials that would otherwise need to be disposed. Crude oil is sometimes used

as the solvent. The solvent cleaning process involves first emptying the tank of



hydr ocar bon solvent is introduced into the tank to
sufficiently cover the mxers and/or float the roof.
WOL®B/0Df324 he solid hydrocarbons in the sludge PET/1S2007/018444
di ssol ve nore quickly and fully with the use of m xing
and heat. Mechanical breakup of the sludge can also be
achi eved by the use of jet injectors for the specific
solvent. If heat is not available, |longer mxing tines
or repeated solvent applications are utilized.
Fol I owi ng agitation, the hydrogarbon sol vent and
di ssol ved materials are punped fromthe tank and are
recovered through conventional refinery processing.
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completely, and solvent removal is not completely effective.

[0008] One method of removing sludge is disclosed in related application
U.S. Patent Application Publication No. 2006/0042661, published March 2,
2006. The contents of that application are incorporated herein by reference. In
this method, a iwo—step approach utilizes solvent extraction to dissolve organic
components of the sludge followed by water wash to remove inorganic
materials. Mixing and heating improve the dissolution of soluble materials in

both steps of the process.

[0009] There is a need, however, to optimize the process of sludge removal,
especially by improving the solvent and improving access to beneficial solvents.
Additionally, addressing sludge issues prior to high levels of build up would be
desirable by optimizing the sludge level management and preventing sludge

build up to reduce or eliminate the need for removal.



desirable by optim zing the sludge | evel managenent
and preventing sludge build up to reduce or elimnate
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[ 0010] Aspects of enbodinments of the invention relate
to providing an effective nethod for cleaning sludge
froma crude oil storage tank. [0011] Anot her aspect
of enbodi nents of the invention relates to maintaining
a crude oil tank with mnimal sludge |evels. [0012] An
addi tional aspect of enbodinepts of the invention
relates to optimzing a refining facility by
i mpl enenti ng schedul ed cl eani ng and mai nt enance and
provi di ng access to solvent products. [0013] These and
aspects can be realized by the present
J UMMARY. OF THE DNVIEMTIQ process for cleaning
sl udge fromcrude oil storage tanks, conprising
providing a streamof crude oil including a high
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tank for storing crude oil to dissolve asphaltene-rich
sludge in the storage tank. Preferably, providing the
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[‘l‘ﬂ&?y uddtadditignal aspechof embbdiments ofdhe swvention relates to

i onents .of the slugdge in the
oA d3eFinth BT RY REP R e sdiesbied feaningeand
mdirgendncecard prosiding! £ cessoRNolvaRpreagess fromthe
tank. Then, the HSP streamis processed through the

tank with agitation of the sludge remaining in
[0013] These and other aspects can be realized by the present invention,

which is directed to a process for cleaning sludge from crude oil storage tanks,
comprising providing a stream of crude oil including a high solvent power (HSP)
crude oil, wherein the HSP crude oil has a solubility blending number (SBN)
greater than 100, and processing the stream through a storage tank for storing
crude oil to dissolve asphaltene-rich sludge in the storage tank. Preferably,

providing the stream occurs on a scheduled basis, such as at least annually.

[0014] Processing the stream can also include adding the stream fo a blend of
two or more incompatible crude oils present in the storage tank that has

" precipitated asphaltenes to correct the blend.

[0015] Prior to processing the HSP stream through the tank, the process can
comprise contacting the sludge with a hot oil solvent to dissolve oil-soluble

organic components of the sludge in the oil solvent, and removing the oil solvent



the tank, and the HSP oil is renoved along with
di ssol ved asphal t enes, waxes and suspended i norganic
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be added to the tank to dissolve inorganics in the
sl udge and then renoved with the dissol ved inorganics.
[0016] The invention additionally relates to a process
for maintaining a crude oil storage tank in a refining
facility, conprising adding crude oil including a high
sol vent power (HSP) crude(ﬂIszmerein the HSP crude
oil has a solubility bl endi ng nunber (SBN) greater
than 100, to a crude oil storage tank to dissolve
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scheduled basis to maintain reduced sludge level in the storage tank.

[0017] The invention is also directed to a refinery system comprising crude
oil storage tanks, and a crude oil processing assembly, including heat exchange
equipment for processing the crude oil. A transport system, such as a pipeline
assembly, connects the crude oil storage tanks with the crude oil processing
assembly so that crude oil is supplied from the storage tanks to the processing
assembly. At least one of the crude oil storage tanks includes a tank designated
for storing high solvent power (HSP) crude oil that has solubility blending

number (SBN) of at least 100.

[0018] These and other aspects of the invention will become apparent when

taken in conjunction with the detailed description and appended drawings.



FIG 1 is a graph illustrating test results show ng
reduced fouling by practicing the process in
waemsnigece with this invention; FIG 2 is a greEpis2007/018444
illustrating test results showi ng reduced fouling with
several different blends used in the process in
accordance with this invention; FIG 3 is a graph
illustrating test results froman on-line cleaning
simulation; FIG 4 is a profilimetry analysis of a
whol e crude oil fouling run; EIG 5 is a profilimetry
anal ysis of a bl ended crude ol'l” cleaning run; and FIG
6 is a profilinetry analysis of another bl ended crude
oil cleaning run. In the drawi ngs, |ike reference
nunerals i ndi cate corresponding parts in the different
DESCRIATION QESIREHIRAWINGRFFERRED EMBODI MENTS
[0020] This invention is directed to different aspects
of addressing sludge build up in crude oil storage
[eon9PEMthd rin"v@ﬁh@ﬁ’ rWiR AB P&l r&’&%ﬁ%ﬁalm pl:@lﬁhgctlbﬂ %ith the
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experienced during refining processes an
simdatiorni ent to take offline for repair and cl eani ng.

002 I has been found that selected crude oils have
g hi é‘}gr agg P\pé'ﬂf?l analysis of a whole crude oil fouling run;

FIG. 5 is a profilimetry analysis of a blended crude oil cleaning run; and

FIG. 6 is a profilimetry analysis of another blended crude oil cleaning

In the drawings, like reference numerals indicate corresponding parts in

the different figures.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0020] This invention is directed to different aspects of addressing sludge
build up in crude oil storage equipment in refineries and petrochemical plants.
In a preferred use, the processes are applied to crude oil storage tanks, but may
also be used in storage containers for other high gravity petroleum products. For
ease of reference, the petroleum products are referred to herein as crude oil,
which will be understood to include similar products that experience sludge
build up. Of course, it is possible to apply the invention to other processing

facilities and heat exchangers, particularly those that are susceptible to build up



for asphaltenes and that streans of these sel ected

crude oils may be used to renpbve the precipitated
wazphateenes from heat exchanger surfaces bef oP€I/BEs100T018444

adherent coke deposits can be formed. These crude oils

are referred to as high solvent power (HSP) crude

oils. HSP crude oils are defined as those with

solubility blending nunmbers (SBN) greater than 100

(SBN>100). [0022] For exanple, in a prior invention,

heat exchangers are cl eaned by7the use of high sol vent

power (HSP) oil that is adnitted to the exchanger and

all oned to soak the surfaces for a sufficient period
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neasure to reduce formation and build up of
asphal tene-rich sludges in crude oil storage tanks and
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asphal t enes tﬁat rraél a%g %?ngiﬁl}e 5tpge599‘f8% ume 9 gissolve the
asphaltenes. After the period of time, the oil is removed with the dissolved
asphaltenes and any loosened deposits, recovered and processed in the refinery
by conventional refining operations, e.g., by sending to the 'coker. This is
disclosed in related application U.S. Serial No. 11/391,258 entitled On-Line
Heat Exchanger Cleaning Method, which was filed March 29, 2006, and is now
pending. The contents of this related application are incorporated herein by

reference.

[0023) As discussed above, storage tanks for crude oils tend to experience
sludge build up due to precipitation of asphaltenes. This invention approaches
the problem of sludge build up through solvent removal using HSP crude oils.
These inventors propose using HSP crude oils as a preventive measure to reduce
formation and build up of asphaltene-rich sludges in crude oil storage tanks and
to prevent fouling of the pre-heat train of refinery processing equipment with an

HSP stream.



and fornmed a build up of asphaltene-rich tank sl udges.

Such processing dissolves the asphaltene-rich sludge
w@nsaoses not require further handling of the BETIUS®07/018444

ot her than standard processing of the crude oil. A

bl end of oils including an HSP crude oil conponent

wi Il also be effective provided that the SBN | evel of

the blended oil with the HSP conponent is at |east

100. Using this approach, HSP crude oils can also be

used to correct poor crude oilg bl ends present in a

storage tank that would otherw se result in asphaltene

precipitation. Adding a stream of an HSP crude oil or
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frequently and on a scheduled basis will prevent the build up of sludges and
reduce costly cleaning efforts needed when tanks are overloaded. Annual, or
more preferably semi-annual, cleaning procedures using HSP crude oils will
keep tank sludges from building up to costly levels and minimize the impact on
storage capabilities. This differs from current practices in which sludge is

addressed when the levels become problematic.

[0026] Tank cleaning with an HSP crude oil can also be combined with a
selective solvent extraction (SSE) process. This process is described in U.S.
Patent Application Publication No. 2006/0042661 published March 2, 2006,
which is incorporated herein by reference. The cleaning process involves
emptying the tank of the previous liquid hydrocarbon contents, i.e., the product
ordinarily stored in the tank, which leaves the semi-solid sludge in the tank A

hot hydrocarbon solvent is introduced into the tank to sufficiently cover the



hot hydrocarbon solvent is introduced into the tank to

sufficiently cover them xers and/or float the roof.
wabh@spaeol eum based sol vent acts on the or ganPCI/us2007/018444

portion of the solid sludge material. [0027] Mbst of

the solid hydrocarbons w Il dissolve nore quickly and

fully with the use of m xing and heat, which inproves

the degree and rate of dissolution. If heat is not

applied, longer mxing tines or repeat solvent

applications can be utilized_gFoll ow ng agitation, the

hydr ocar bon sol vent and di ssofved materials are punped

fromthe tank and recovered through conventiona
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a refinery process that typically and es soli sucﬁ

pestien of thesdidgludge anaterigl. [ 0028) Water or wat er - based

solvents are then introduced into the tank to dissolve

the inorganic salts, such as chlorides, carbonates,
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(CSO) or a heavy aromatic fuel oil (HAFO, for
Thi s sol vent econd phase .of the
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product renmpves the sludge and doés not a verse
exigpdot thdse pludgdest d&td iwater or water-based solvents and dissolved

inorganics are pumped from the tank and processed via the conventional refinery
water treating facilities. Employing this process on a scheduled basis, such as
annually or semi-annually, can keep the tanks virtually free of sludge, which will

improve related refinery operations.

[0029] With this invention, tank sludge removal in accordance with the
above process can be optimized by using a hydrocarbon solvent product in the
form of a fluid catalytic cracking slurry oil, such as cat slurry, clarified slurry oil
(CSO0), or a heavy aromatic fuel oil (HAFO), for example. This solvent is used
in a second phase of the hydrocarbon solvent step with a final slurry back into
the catalytic cracking oil product. The use of the product removes the sludge

and does not adversely im‘pact the product quality.

[0030] According to this process, the first phase of the hydrocarbon solvent

step is similar to that above with the liquid hydrocarbon content emptied from



[0030] According to this process, the first phase of
the hydrocarbon solvent step is simlar to that above

WawRos/0243e4 | i qui d hydrocarbon content enptied fPOnUEm07/018444
tank, and the hot hydrocarbon sol vent introduced into
the tank to sufficiently cover the m xers and/or fl oat
the roof. No mxing is used in this first phase to
avoid stirring-up the inorganic solids in the sludge.
The sol vent and di ssol ved sl udge conponents are then
punped back to another crude jgnk and processed
normal Iy through refinery equipnent with little inpact
on operations. In the process disclosed above, the
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second ase is added to the solvent step 1 ncludi
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and recovered through convent|o
lspﬂ@é’@%ltﬂ@c}lwlg tbe@ohcenp-lsbutgelmessxdg fdprerzamn no need to store

P so ve mat eri al that
| nhaér & agg}ﬁ f xhireiaﬁ% 5‘11? dWPagt qn, £aPRURL$E increased
fouli p@bﬁﬁﬁl product is a fI uid catal ytic cracking
’ slun;gry oil, such as cat slurry, CSO and HAFO As this

type of solvent i nherently contains inorganic solids,
into m xture

h
403y, O3B nd et it acedS, Bie SolvRphaton insiwdipeuintroducing
mokt atydiatarbbAnsdl9ehe bHA r%tattﬂlérﬁ?e RhoENE  Shind ?é‘?ngglsdga of the

no special processing he water or wate
arhons selyent alangn vuﬂnohmldnsnm:d Wkphaltenes and waxes and the

suspended inorganic solids are pumped from the tank and recovered through

conventional refinery processing. This second phase uses a different solvent,
which is an HSP solvent material that inherently contains inorganic solids. As
noted above, this solvent product is a fluid catalytic cracking slurry oil, such as
cat slurry, CSO, and HAFO. As this type of solvent inherently contains
inorganic solids, the inorganic solids that are stirred into the mixture through
agitation do not adversely impact the mixture, which can then be returned to the

product system with no special processing.

[0032] The water or water-based solvent step is then accomplished. Mixing
and heating are not required, but can improve the degree and rate of dissolution.
The water or water-based solvents and dissolved inorganics are pumped from the
tank and processed via the conventional refinery water treating facilities.

[0033] ' As evident from the processes described above, use of HSP crude oil

and HSP crude oil blends enhances tank cleaning and management. However,



and heating are not required, but can inprove the

degree and rate of dissolution. The water or
wadosn243ased sol vents and di ssol ved i nor gani cSPEF/ES2007/018444

punped fromthe tank and processed via the

conventional refinery water treating facilities.

[ 0033] As evident fromthe processes described above,

use of HSP crude oil and HSP crude oil blends enhances

tank cl eani ng and managenent. However, many refineries

do not have imedi ate access_t¢@ HSP streans and/or

crude oils. Inadequate access can limt the ability of

a refinery to optimze operations in the various ways

many refineriedy aot havasamiciaeactetdtd HISP §i¥ant aRB/or%rude oils.

tank is designated as an HSP crude oil storage tank as

Inadequate aceess; qaar jmit theabilitynefia cefingryztot optiinide o%eratlons in the

' [LON, W |. timze. refinery operations such .
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i nproving blends to prevent cru pre-heat “train
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and, on-line and off-1ine Crude pre-heat train

cxghangegeand| dumasg. fpolicey swragee tinn a&ludgek-lSEleahi)fg;ge remove
LS. preferably | ocated where the contents can be

a4 fiH1drRe L WREES AR pth e TR e, ¢ il el o s,

ahlavigglticfud&ldebogghty 8F HeAphaRumit @RUsS%nd, anlfific and off-li

testl?ma devot ed storage tefr?k cont ai@?ngSprrdmnna?%ﬁ/‘ ott-hine

coule, Prg-heat (wain hept exchanger tleanimgchar ged to a preheat

train exchanger as it slowed for downtime so that the

unit would soak in a final step prior to a crudebunlt

60B4]doWTH desikfhied®HSP HistafORafk Ule pldBlapif 108422 wh

[useg for the ?l:gﬁal fl ush-outaE%sf aﬂ%e uﬁ%t.&P\A\g |gr e%ea%v cre the

cenigns sankbe <¢asilys trapsportethyandidn Ipipelired wo nehee units where the

' . . the concentrated HSP
o{)ﬁﬁﬁia{t?oqi o’f)%ra%gnessgzlug b%f aHE’l':élE n one test, a devoted storage tank

containing approximately 90% by volume HSP crude oil was charged to a

preheat train exchanger as it slowed for downtime so that the unit would soak in
a final step prior to a crude unit shutdown at a refinery. The HSP crude tank was
also used for the final flush-out of the unit. The preheat train soaked for several
days while the furnace was repaired. As a result of using the concentrated HSP
crude oil during the soak, the energy efficiency of the preheat train exchangers
was improved by ~ 15 kbtu/bbl on average. Estimating that if only one-third of
this reduction was due to the HSP crude oil wash, savings of ~ $750,000/year at
$4.61/MBTU will be realized. In addition to the energy benefits, the crude unit
desalter inlet temperature improved to the highest observed level over the
previous year. Also, a lower furnace firing intensity was experienced than
during the record crude runs earlier in the year. These benefits allowed the unit

to process greater amounts of crude and at a greater efficiency. It can be



crude oil during the soak, the energy efficiency of
the preheat train exchangers was inproved by ~ 15
wbiosaod43k4 on average. Estimating that if only PCEUSIT/G18444

of this reduction was due to the HSP crude oil wash,
savi ngs of - $750, 000/ year at $4.61/MBTU will be
realized. In addition to the energy benefits, the
crude unit desalter inlet tenperature inproved to the
hi ghest observed | evel over the previous year. Al so, a
| ower furnace firing.i ntenS|t was experienced than
during the record crude runs e"érller in the year.
These benefits all ovved the unit to process greater
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greater efficiency and cost effectiveness. [0035] To
evaluate the relative fouling potentials of crude oils
ag3isp! e : Ay =Te iy [ Al t
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the, gemmoercial awilableAleoe Hurlrigeill Privcesy Sﬁimﬂalbﬁ (HPIES) is used
bg/ﬁ@ liter reservoir with a crude oil or blend, heating
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Tth&vﬁpn’?ﬁt 1"b‘r’s Cf‘}ﬁ’r Buthe &’ff’e?“&tt‘ioarp Icor reservoir,

whiéh %ép%rﬁ%ﬁ%'tﬁ@ Snehftdbil Bg%e&a‘f'éd é@?or? QBCl%%S’%UOWlng for

prior to each test run to ensur
oncethriough aperatien.oThe dystlenglst;hewtﬂﬁed Wik niRdgeéss at 400-500 psig

| ect |y heated to preset tenperatures and hel
PBRAR SAEh 4 SHB B FISHIfCLH<6R romeen Riolisdr B oil during the test.

ataur e S ¢LS
WE%J)&J pégé@ggg?nggggpe tér)e g e&g&g %"esb uﬂd fPﬁlldd constant
thrnughomeaum eFhe eod suxface eempadttirerfot‘ hie sests BC8709C (698°F).

f her nocoupl e i s positione
Tflglg'{lét‘gdl{mghF r?ésedargurrcg(ﬁ' ectl ?’or the bulk ﬂul% inlet and outlet

temperatures and for the surface of the rod. The heated surface thermocouple is

positioned inside the rod.

[0036]) During the fouling tests, asphaltenes deposit on the heated surface
and are thermally degraded to coke, which builds up on the surface of the test
rod. The coke deposit causes an insulating effect that reduces the efficiency
and/or ability of the heated surface to heat the oil passing over it. The resulting
reduction in temperature is referred to as the outlet liquid Delta T and is
dependent on the type of crude oil/blend, testing conditions and other effects.
The test time for these runs is 180 minutes. The test allows 30 minutes of
stirring and pre-heat within the reservoir prior to the start of the run. The total
fouling, as measured by the total reduction in outlet liquid temperature, is
referred to as “Delta T,g0.” It should be noted that the flow regime for the Alcor

system is laminar and therefore direct correlation with field experiences is



[0036] During the fouling tests, asphaltenes deposit
on the heated surface and are thernmally degraded to

W@ 8/02484 ch buil ds up on the surface of the tRSI/USIOAT/018444
The coke deposit causes an insulating effect that
reduces the efficiency and/or ability of the heated
surface to heat the oil passing over it. The resulting
reduction in tenperature is referred to as the outl et
liquid Delta T and is dependent on the type of crude
oi | /bl end, testing conditions,and other effects. The
test tine for these runs is 180" m nutes. The test
allows 30 mnutes of stirring and pre-heat within the
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oils (Blend A) was prepared. The SBN and In val ues for
EBI en were 30 and 38, respectively. This represents
In ratio of 0.81 and is considered to be a

“hi gh-fouling" crude

[0038] An incompatible blend of two crude oils (Blend A) was prepared.
The SBN and I, values for Blend A were 30 and 38, respectively. This
represents an SBNV/I,, ratio of 0.81 and is considered to be a “high-fouling” crude
oil blend that has precipitated asphaltenes that can deposit onto heated surfaces
and thermally degrade to form foulant. Testing of Blend A in the Alcor unit
according to the procedure above resulted in a Delta Tigo of -92°C. In other
words, the liquid outlet temperature was reduced by 92°C as a result of the build

up of coke on the rod surface.

[0039] Then, an HSP crude oil with an SBN of 158 was mixed with Blend A
in increasing volume proportions. The HSP crude oil had zero Delta T1g0, Or is
virtually a non-fouling crude oil under Alcor conditions. Each of the Blend
A/HSP crude oil blends was tested in the Alcor unit to determine the changes in
Delta Tgp. The final Delta T, g, data from each of the runs are plotted in Figure 1
as a function of the amount of HSP crude oil added. The plot shows that as the

concentration of HSP crude increases, the relative fouling decreases to



oil blend that has precipitated asphaltenes that can
deposit onto heated surfaces and thernmally degrade to
w0 ooos0243ed ant . Testing of Blend A in the Al corP@miUs2007/018444
according to the procedure above resulted in a Delta
Tigo of -92C. In other words, the liquid outlet
tenperature was reduced by 92C as a result of the
build up of coke on the rod surface. [0039] Then, an
HSP crude oil with an SBN of 158 was mixed with Blend
A in increasing volume proporijons. The HSP crude oi
had zero Delta T 80, or is virtually a non-fouling
crude oi | under Alcor conditions. Each of the Bl end
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relative degree of fouling.

Example 3

[0041] A standard fouling run was made using 370°C (698°F) rod surface
temperatures to obtain base case data. It required 15 minutes to heat the rod to
this temperature. The same fouling run was repeated, and the fouled rod was
kept in place for follow-up cleaning testing. First, an HSP whole crude oil with
an SBN of 112 was run over the pre-fouled rod. Second, a poor-solvent whole
crude oil (SBN=40) was run for comparison. Both of the crude oils are non-
fouling crude oils upder the conditions used. Fig. 3 shows the results of both test
runs. The outlet temperatures obtained as a result of the Alcor rod heating the
liquid are plotted. Both base case tests show the crude oil being heated at a
linear rate to a maximum of 270-277°C (518-531°F). The HSP cleaning test
shows that the crude was heated to 261°C (502°F), or 97% of the base case



rel ati ve degree of fouling. Exanple 3 [0041] A
standard fouling run was nmade usi ng 3700C (698F) rod
wWaBazes24 enperat ures to obtain base case dat aPCT/US2007/018444
required 15 mnutes to heat the rod to this
tenperature. The sanme fouling run was repeated, and
the fouled rod was kept in place for follow up
cleaning testing. First, an HSP whole crude oil with
an SBN of 112 was run over the pre-fouled rod. Second,
a poor-sol vent whol e crude oii (SBN=40) was run for
conparison. Both of the crude oils are nonfouling
crude oils under the conditions used. Fig. 3 shows the
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ligugin ning the data fromthe HSP cl eaning run shows

that the slope of the outlet tenperature increases
significantly after 5 mnutes, or after reaching
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oo T SRR L2 01, 222C (AB00EL VEC o eposi
TRE BB g RS o005 e
thedpighiand low SBN whole crude oils. After 5 minute, the difference between
these is only 8°C, whereas after 10 and 15 minutes of heat up time, the
difference in outlet temperature is after 26 and 29°C, respectively. This reflects
the difference in the amount of deposit remaining on the heater rods. In this
case, the optimum cleaning time or flush time is between about 5 to 20 minutes,

preferably between 5 and 15 minutes.

[0043] Figs. 4-6 illustrate additional evidence of selective solvent foulant
removal. The results shown in these figures were obtained by testing using
profilimetry, which is an analytical technique that allows the examination of the
physical shape of the foulant deposit on the rod. Fig. 4 shows the profile for the
base case rod after a whole crude oil fouling run. Fig. 5 shows the profile for the
base case rod after a high S_BN (SBN=112) crude oil cleaning run. The circled
portions havihg a lower profile show the cleaned portions of the Alcor rod
deposit. Fig. 6 shows the profile for the base case rod after a low SBN

(SBN=40) crude oil cleaning run. Fig. 6 shows that there is no effect compared



The inset bar graph of Fig. 3 shows the difference in

outl et tenperature between the high and | ow SBN whol e
w@ewde243ed s. After 5 minute, the difference bep@EES2007/018444

these is only 8C, whereas after 10 and 15 m nutes of

heat up time, the difference in outlet tenperature is

after 26 and 29C, respectively. This reflects the
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preferably between 5 and 15 %ut es. [0043] Figs. 4-6
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SREYPEmE | FrdbE eBRrEciated tiahsignaiacant Jaber. Ifuve ssvings, and
réducell QosOwilt BRIrBAINAIS - Feeding streams of HSP oils

through tanks can clear out sludge, correct
i nconpati ble blends in tank heels, maintain | ow or

i ni.mal _sluy | evel n used in a_requl ar basis,
[‘gﬁ{ﬁ] It wxﬂgge recognsize y %hose of ordinaxgy skill in the art that the

invention can be applied to any storage facility for use with petroleum products.

[0046] Various modifications can be made in the invention as described
herein, and many different embodiments of the device and method can be made
while remaining within the spirit and scope of the invention as defined in the
claims without departing from such spirit and scope. It is intended that all
matter contained in the accompanying specification shall be interpreted as

illustrative only and not in a limiting sense.



opti m ze ot her cl eaning procedures. Providing access
to HSP oils in refinery systens can naxi m ze use of
wao bews@243eneficial oils and increase effici encyPCTIUS2007/018444
refining systens. It can be appreciated that
significant |abor, tine savings, and reduced cost wl |
be realized. [0045] It will be recogni zed by those of
ordinary skill in the art that the invention can be
applied to any storage facility for use with petrol eum
products. [0046] Vari ous nndi,}cations can be made in
the invention as described hHer'etn, and nany different
enbodi ments of the device and nethod can be nmade while
CIEARUR]: Ng Within the spirit and scope of the invention
as defined in the clainms w thout departing from such
spirit and scope. It is intended that all matter
cont ine&bin t he acconpanyi ng specification shall be
i nt erpr et eBregsss foreleaning stu goah@md@tml stozgage tanksng
°5ﬁ§§ﬁi AMS: 1. A process for cleaning sludge from
crude | storage tanks, conprising: providing a
st r epeoviling adstrédrh oM ehiddi 61 iﬂcfihﬂﬂ%semhff?f'tsomfﬁrpower (HSP)
égFP%,crude Oil, wherein the HSP crude oiT has a
ceyse, pily whereinathei H$Phomsder ol dms)a gohibility blending oyunsbe (SBN)
gRi05aRah 190t ARgSt ream through a storage tank for :
storing crude oil to dissolve asphaltene-rich sludge
i n t peocssinggthe atricam? throligh pi Geeage Ofank! forstbring crude oil to
wherei n processing the streamincludes adding the
dé‘??&&rﬂs? alée'!ﬂ‘é‘ﬁg sHdgeis the stasage tankonpat i bl e crude
oils present in the storage tank that has precipitated
asphal tenes. 3. The process according to anyone of

clai @5 1The grocebeiofi ¢lainOy, Whegein processing the stream includes
adding the stream to a blend of two or more incompatible crude oils present in

the storage tank that has precipitated asphaltenes.

3. The process according to anyone of claims 1 or 2, wherein providing

the stream occurs on a scheduled basis.

4. The process according to anyone of the preceding claims, wherein
prior to processing the HSP stream through the tank, the pfbcess further
comprises:

contacting the sludge with a hot oil solvent to dissolve oil-soluble organic
components of the sludge in the oil solvent; and

removing the oil solvent with the dissolved oil-soluble organic
components from the tank,

wherein processing the HSP stream through the tank includes agitating
the sludge remaining in the tank and then removing the HSP oil along with

dissolved asphaltenes, waxes and suspended inorganic solids from the tank.



the stream occurs on a schedul ed basis. 4. The process
according to anyone of the preceding clains, wherein
W@e0i08/024304 pr ocessi ng the HSP stream t hrough t hECT/E83007/018444
the process further conprises: contacting the sludge
with a hot oil solvent to dissolve oil-soluble organic
conponents of the sludge in the oil solvent; and
removing the oil solvent with the dissolved
oi | -sol ubl e organi c conponents fromthe tank, wherein
processing the HSP stream t hrgugh the tank includes
agitating the sludge remainingTn the tank and then
renoving the HSP oil along with dissolved asphalt enes,
waxes; an u i [ 1 de f .
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sl udge; and, renoving the water or based sol vent

and diddeg o eatérmr waterdmséd solviehetd tvktahRrto [His¥o#6é intitganics in

7. .The process according to anyone of the preceding
ﬁl‘ﬁﬂ?‘ﬁ%‘,”%rein the HSP crude oil is a blend with at

| €asterRBYrE R Watlp! , ok Oani ~
B ke e 856 BRSBIAL B from
thei tank {er proc8®ingr eat er than 110. 9. The process :
according to claim8, wherein the HSP crude oil has an

SBN greater than 150.

7.  The process according to anyone of the preceding claims, wherein

the HSP crude oil is a blend with at least 50% HSP by volume.

8. The process according to anyone of the preceding claims, wherein

the HSP crude oil has an SBN greater than 110.

9. The process according to claim 8, wherein the HSP crude oil has an

"~ SBN greater than 150,

10. The process accbrding to anyone of the preceding claims, wherein

the stream of crude oil is an unprocessed crude oil or a processed oil derived

from petroleum.

11. The process according to anyone of the preceding claims, wherein

the HSP oil is provided from a designated storage container.

12. A process for maintaining a crude oil storage tank in a refining

facility, comprising:



10. The process according to anyone of the preceding
claims, wherein the streamof crude oil is an
waepsozessed crude oil or a processed oil deriReHUS200T018444
petroleum 11. The process according to anyone of the
precedi ng clainms, wherein the HSP oil is provided from
a designated storage container. 12. A process for
mai ntai ning a crude oil storage tank in a refining
facility, conprising:adding crude oil including a high
sol vent power (HSP) crude oil,;gWwherein the HSP crude
oil has a solubility bl endi ng nhunber (SBN) greater
than 100, to a crude oil storage tank to dissolve

as phalddenie chidehois inlagingna hi}th §61%ﬁ9§o$véf' §H§P2 lcPddé Bfl, wherein
HSP crude oil fromthe Sstorage tank Tn a refifning

thy BSdserudgreil has psalibiljty blensling nombed (SBN) greaté$Rhan 100, to a

de,oj!l on. a,schedul.ed basis to.mpiptain reduced

ctjdf 5L Storges Wk o dSsI¥s agehalisme-righ sludge ip,the storags tank;
cl ai helaspi ; bb ¢4 : .
heel m}sﬁgbtt i ncﬁﬁdﬂagsgﬁgﬁgqg?ggomrgg%}é %D?ggﬁﬁ%&gj%rﬁg%’ and,
cr udeepgating the steheofhaddiegsthecHSPdenglet oil aony anseheflulddebasis to

claims 3.t0.13 .wherejn the schedul ed basis is at

ma “5‘?9&?59?3‘?‘1&%‘%" ln'é‘ ‘%‘F&é%‘@geé?“l&l ai m 14, wherein
the schedul ed basis is at | east sem -annual |ly. 16.
The process of claim 12, wherein the HSP crude oil is

added3f r direaprdesssyofictadns 1 4y aderéianthet HSP Eardesodstadded to a
of .the ref.inj fagility., 17.- A refinery system
s i i ghChidia e Wead of bva G maadacomRariBlRcide oils

processi ng assenbly, including heat exchange equi prment

for
14. The process according to anyone of the claims 3 to 13, wherein the

scheduled basis is at least annually.

15. The process of claim 14, wherein the scheduled basis is at least

semi-annually.

16. The process of claim 12, wherein the HSP crude oil is added from a

designated storage tank that forms part of the refining facility.

17. A refinery system, comprising:

crude oil storage tanks;

a crude oil processing assembly, including heat exchange equipment for
processing the crude oil; and

a transport system connecting the crude oil storage tanks with the crude
oil processing aséembly so that crude oil is supplied from the storage tanks to the
processing assembly,

wherein at least one of the crude oil storage tanks incluaes a tank
designated for storing high solvent power (HSP) crude oil that has solubility
blending number (SBN) of at least 100.



processing the crude oil; and a transport system
connecting the crude oil storage tanks with the crude
wW@eRdospraeL£ssi ng assenbly so that crude oil s BCppkiceto18444

fromthe storage tanks to the processing assenbly,

wherein at | east one of the crude oil storage tanks

i ncludes a tank designated for storing high sol vent

power (HSP) crude oil that has solubility blending

nunber (SBN) of at |east 100.18. The refinery system

of claim 17, wherein the traqiport system sel ectively

connects the tank designated 4or storing HSP crude oi

to other crude oil storage tanks and sel ectively

connects the tank designated for storing HSP crude oi

to the crude oil processing assenbly. 19. The refinery

- syst d& ofThel eéfincty, sydtemeiofi ¢laimt i 2nspisereins the effansport system
onne ts t he tapk deS|gnated for storing HSP crude oi

sglgctiyely onngets AEsieasteddor storsg HiR-cruste eib g other crude

oﬂY§Bxea@eolfanE§ g‘ geiect‘l%% %o?mEPlg tﬂ:aﬁﬁﬁo&é& gé%ft%cg %05 %bod'éng HSP

pi pel i'ne. process” for aning slu

coide mtmﬁ@&mdelosl,pmamingammlﬂwt acting the sludge
with a hot oil sotvent to dissolve oil-soluble organic
conmponents of the sludge in the oil solvent w thout

m xi ng, °Thé|91'é frgbf yStEMP¥E Eaini €17 kavlfe% Elthe }Mﬁ‘l“ﬁtpg?ﬁ( system

di ssol ved o e organi ¢ conpdne rom

ccprmecpﬂr thedask nlgsigmatedfiratogng HSR cank! oib basat ah Opredetermined
nt that is an HSP solvent material to contact the
EGe and agitating the m xture;

20. The refinery system of claim 17, wherein the transport system is a

pipeline.

21. A process for cleaning sludge from crude oil storage tanks,
comprising:

contacting the sludge with a hot oil solvent to dissolve oil-soluble organic
components of the sludge in the oil solvent without mixing or agitation;

removing the oil solvent with the dissolved oil-soluble organic
components from the tank for processing;

introdh_cing additional hydrocarbon solvent that is an HSP solvent
material to contact the sludge and agitating the mixture; '

removing the HSP solvent material for processing;

adding a water or water-based solvent to the tank to dissolve inorganics in
the sludge; and,

removing the water or water-based solvent and dissolved inorganics from

the tank for processing.



renmovi ng the HSP sol vent material for processing;

adding a water or water-based solvent to the tank to
walk@sob4se4 i norgani cs in the sludge; and, renovPOLUSI87/018444

wat er or water-based sol vent and di ssol ved i norganics

fromthe tank for processing.22. The process of claim

2 1, wherein renoving the HSP sol vent materi al

i ncl udes renovi ng di ssol ved asphal t enes, waxes and

suspended inorganic solids fromthe tank. 23. The

process of claim 21, wherein %ﬁe HSP sol vent materi al

includes a fluid catalytic créacking slurry oil having
.inorganic solids therein. 24. The process of claim 21,

furt qq{gai;' j s Sthqp ' .

li quir%r'hydr ocﬂg?%%bﬂolf:égﬁ%@r%? $ w?fgr eav}eﬁd;ﬁﬂ g@e ?_Inmfﬁée%em material
incindes emovingt dissalved iasphalteridse waikep anll suspérded fiprghsic solids
éqluqﬂ‘? with the hot oil solvent. 25. The process of

;i ?P,k'v\herei n the process is practiced on a

peri odi c predeterm ned schedul e. 26. The process of

claim2l, wherein the HSP sol vent material is provided

as a 28t r dde phocesst 6f claiar? B wikeriegn tiecHSFESEbIvEntimhatédial includes

qr,age .cqont ai ner . . <. .
a%und catalytic cracking slurry oil having inorganic solids therein.

24. The process of claim 21, further comprising the step of emptying the
tank of liquid hydrocarbon contents to leave sludge in the tank for treatment

prior to the step of contacting the sludge with the hot oil solvent.

25. The process of claim 21, wherein the process is practiced on a

periodic predetermined schedule.

26. The process of claim 21, wherein the HSP solvent material is

provided as a stream directly from a designated HSP crude oil storage container.



