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[0002] Oil refineries are under intense pressure to process lower quality crudes for
reason of price or availability, or both. Unfortunately, in many cases, oil refiners do not
possess enough information and knowledge about certain crudes and crude blends and
how they behave in an operating environment to make processing these crudes feasible.
Individual refiners only have access to information and knowledge about crudes they
have actually tested or used.

[0003] In an effort to address the problem of not possessing enough information
about certain crudes and how they behave in an operating environment, some refiners
have begun to use laboratory simulations to develop predictive models of certain
performances. These models, however, are limited and do not address specific, often
complex problems that may arise during processing of these crudes and how these
problems can be alleviated by using appropriate chemical treatment solutions. U.S.
Patent 5,412,581 discloses and claims a process for predicting and evaluating the physical
properties of hydrocarbons using spectrometry.

[0004] Linear programming systems have also been implemented which focus on
defining crude cut and the corresponding cut yield, but these systems do not address the

use of treatment chemical in the crude selection mode, nor do they asses the amount of
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[0008] More particularly, what is needed is a methodology and system which enables
refineries to process cheaper or opportunity crudes, or blends comprising opportunity
crudes, by using models to predict the fouling propensity of said crudes. The
methodology should enable refineries to achieve benefits of using cheaper crudes, lower
potential treatment chemical costs, increase throughput, extend run lengths and lower

operating costs all in a more ecologically beneficial environment.

SUMMARY OF THE INVENTION

[0009] A methodology and system is disclosed which addresses outstanding needs of
refiners to process cheaper crudes or blends of crudes. This method and system

comprises a number of steps, including characterizing the impact of various constituents
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treatment chemicals depending on the crude being processed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a block diagram of an illustrative embodiment of a system for
recommending optimal crude blends and chemical treatments for those blends.
[0012] FIG. 2 is a block diagram of an illustrative embodiment of a crude preheat

train fouling prediction framework.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The singular forms “a,” “an” and “the” include plural referents unless the

context clearly dictates otherwise.
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detecting the parameters of the crudes, predicting the performance of the heat exchange
network and proposing the chemical treatment as designated generally by reference
numeral 100. The system 100 comprises a property database106, more particularly
known as a hot liquid process simulator (“HLPS”’) which stores a massive amount of
data, including experimental data, relating to different types of crudes 102, their
characterizations, operating and refinery conditions under which the crudes were
processed along with any associated processing difficulties and/or performance or risk
parameters, and laboratory simulation data. The method and system use the data as the
basis for at least one predictive performance model and/or at least one risk assessment
model designed to optimize the blend composition, the chemical treatment and/or the
operating conditions 120 of the heat exchange network.

[0018] The information contained in the database comprises crude information 102,
which is obtained as shown in FIG 2. The information detected from each crude 202 is
provided, along with the particular crude blend 201, at which point a determination is

made as to whether or not the blend is compatible 204 with the particular refinery and
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compatible blend ratios, as well as optimal blends dependent on the operating conditions
of a particular refinery.

[0021] Further included in the system 100 is the predictive engine 108 used to predict
the performance of the heat exchanger network. FIG. 2 shows a block diagram depicting
one embodiment of the overall system 200 for the crude preheat train fouling prediction
framework. As discussed above, the crude information 102 corresponding to a particular
crude or crude blend is input to determine compatibility. If compatibility is found, then
the crude information 102 proceeds to the HLPS database 106. That information will
then be used to predict the performance of individual exchangers by subjecting the data to
the fouling propensity model 110, which will evaluate the fouling propensity of each
exchanger in the network 112 and the exchangers will be qualified. They will be
indicated as a) exchangers that will have accelerated fouling; b) exchangers that could be

marginally at the risk of accelerated fouling; and ¢) exchangers which will not be

significantly affected.
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selection of the best possible treatment to mitigate the performance degradation of the
heat exchange network. Therefore, the improvement in the performance through the
appropriate chemistry is quantified, and the dosage of the chemicals is optimized
depending on the crude being processed.

[0025] Ultimately, the model enables the refinery to quantify the savings with and
without treatment of the crudes. By assessing different crudes and crude blends, this
system provides for a risk assessment of using the cheaper crudes. The optimal dosage of
chemicals can be predetermined and therefore the corresponding cost of such is known
prior to using the crudes, as is the detrimental or fouling effect of the crudes on the heat
exchange network, thereby allowing for the risk assessment as to the fouling of the

network and any corresponding shortening of life of the equipment.
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crude bl ends through an e f%p?ically heat ed exchanger

s set up., A detailed first principle fouling nodel

br the |l ab scale studies was fornmul ated. An anal ysis

hs conducted to run the experinents to capture the

fect of tenperature, conposition and the inpact of
nepcals—See—Tabbte | bel.gw. The experinents. _were run

or | t BVBAL crudes and crude brends at

f HHEEN oper atottrogs.  The e perd g s Rredicted
nep sated WERlan additidh of chemicals to the

A re—erddds™ Par anet@oy \of tdRf f oul i ngKnodel

bre extracted for the4uns. Aﬁfif‘"‘p?i?ET‘TéEﬁEﬁéd K

1 fouling rate nmodel v@s*idFjmyl ated for-a Seal ed-up

pat exchanger which i o] yed f@e effect of shear due

b turbul ence. The paraneters derived above were used

n the fouling rate nodelzdeae| one Of-the beta sites
nere exchangers were classifli ed ag~hi"gfi~ri.sk, nedi um

sk and | ow ri sk exchangérgi—TFhe—detatts—are grvernsn——
9. |ATABLE IFIG I A Figure |1: Pardheter.&8tpmati'dn ~ °
br the |ab experinments RYYd¥e I Paraneter estination

pr the | ab expeFigire NPerahdd 3sfinatibh kdr e faly Bipérindents
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TOOUTTTENt S TTave DEeerr Set fortit for_tie pur pose of

i || usttarron, PRREVSCEF GO AY-'@esEYT it o SHGGIETSt be
deened to be a limtation on the scope herein. It is
apparent that nunerous other fornms and nodifications
of this invention will occur to

[0027] While typical embodiments have been set forth for the purpose of illustration,
the foregoing descriptions should not be deemed to be a limitation on the scope herein. It
is apparent that numerous other forms and modifications of this invention will occur to
one skilled in the art without departing from the spirit and scope herein. The appended
claims and these embodiments should be construed to cover all such obvious forms and

modifications that are within the true spirit and scope of the present invention.



one skilled in the art without departing fromthe

spirit and scope herein. The appended clainms and these
wepinsarasent s shoul d be construed to cover all BCEES2007/084913

obvi ous fornms and nodifications that are within the

true spirit and scope of the present invention.CLAI M5

Havi ng descri bed the Invention, that which is clained
CL%ﬁﬁ 1. A systemfor evaluating the risk of opportunity

Yes or crude bl ends on refinery operations

conprising: a database storing data related to at

| east gne crude or crude blend; and a predictive
Havgnggdgseribeshipe inicatdom thad swhidyis slegpehisi t y nodel for

executing at |east one prediction of the fouling

propensity of a heat exchanger in a heat exchange

nethor k.A Systorp éorgysluenng heaisk of dpprstinyiy crudes ai ernde blends on

1mﬂeﬁ§inotg%ﬁ&{q%kggfﬁﬁ-engine takes as input crude

i nfor mat Lo coﬁbrlgﬁﬁggat | east one of surface or skin

t enper atadagabaRdstyehOgdth yelattd e 1&ktisie driddostdiuddWettahd

exchanger. 3. The systemin accordance with claim2

whi ch f urRIBEEt YgaaEeLommEs e acloutieg piepensHyaQsisl for executing at

na LSRR S hE BTLE LA LAG) T 8RR A
surckalemgt aopperriat ure. 4. The systemin accordance with

claim1 wherein the predictive engine takes as input
refinery operating paraneters and/or conditions. 5.

The syst¢m %@t&? ﬁloe[cggrralﬁﬁce%f‘ﬂb cla il R Ekr4h ﬁ{eeﬂrgdit:tl?\% engine
e del w Il I h "heat

fouling propensity node gualify eac

ex ghlange mpuhciadhb edormestionangerineg wolckst ode of hefay st dmi n
acqordance, wd iRk MRS R A R RN IS @

3. The system in accordance with claim 2 which further takes as input crude
information at least one of mass transfer characteristics, reactive nature of the

foulant species in the crude, and bulk surface temperature.

4. The system in accordance with claim 1 wherein the predictive engine

takes as input refinery operating parameters and/or conditions.

5. The system in accordance with claim 1 wherein the fouling propensity

model will qualify each heat exchanger in a heat exchange network.

6. The system in accordance with claim 1 which further provides a future

fouling trends for each heat exchanger and the heat exchange network.

7. A system for evaluating the risk of opportunity crudes or crude blends on

refinery operations comprising:

10



fouling trends for each heat exchanger and the heat

exchange network. 7. A system for evaluating the risk
wW@Ro0sppsra unity crudes or crude bl ends on refiPEr/ys2007/084913

operations conprising:a database storing data rel ated

to at | east one crude or crude blend and refinery

operating conditions; a predictive engine conprising a

foul i ng propensit del .for executing at |eas ne

o edl LIRSS HETHEUH FUEE Bparet SPerude fradde blond and
exGhangebpéhtif AaRttidgschange network; and application
of chenical treatnent to optim ze processing of the

crudes armdedictiyadnzemetdogprisgig aooulingipiopense mdves! fesgkecuting at
exchanger network. .8.. A method for,.quantifying.th
SalFRESTCRETFR & B Rl asBeiy i 5 erinne™ & 4 Brtive

bl eRdisang6 abiworisidng: a dat abase storing data related to

at | east one crude or crude blend and refinery

oper at i rigPiexti@ntof ehrynicyl tpragag t9 QRtiraigg PrrecesdEn?f the pydes and
fouling. S| d ' t. | east one

i R T R e

exchanger in a heat exchange network; and application

of chem cal treatnment to optim ze processing of the

cr dde’ metRpdiPhivAnSe 10 glersaglpagwaﬁlaﬁhe%wglswg QPRErtLy crudes or

eXChANAREN I MY rlSing:

a database storing data related to at least one crude or crude blend and
refinery operating conditions;

a predictive engine comprising a fouling propensity model for executing at
least one prediction of the fouling propensity of a heat exchanger in a heat
exchange network; and

application of chemical treatment to optimize processing of the crudes and

minimize the risk of fouling of the heat exchanger network.
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