METHOD AND SYSTEM FOR ASSESSING THE PERFORMANCE OF
CRUDE OILS FIELD OF THE INVENTION 100011 The present
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considered in this step are the mass transfer characteristics, the reactive
nature of the foulant species in the cfide, and the bulk surface
temperature. [00201 The data on the crudes can be also be used for
defining and recommending compatible blend ratios, as well as optimal
blends dependent on the operating conditions of a particular refinery.
[00211 Further included in the system 100 is the predictive engine 108

used to predict the performance of the heat exchanger network. FIG. 2
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application of chemical treatment and operating conditions to optimize processing of the at
least one crude and/or crude blend and minimize the risk of fouling of the heat exchanger
network, wherein the chemical treatment and operating conditions are determined based on
the prediction of the fouling propensity model and the data stored in the database.
[0609] A methodology and system is disclosed which addresses outstanding needs of
refiners fo 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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in the crude which resuft in fouling of heat exchangers; estimating model parameters;
moniforing and predicting qualitative and quantitative performance; and determining
optimal dosage of chemical treatments. The methodology and system disclosed herein
addresses issues which arise due to scaling of crude preheat trains resulting from chemically
reactive fouling species in the crude, disposition of the suspended or reactive species in the
crude on the heat transfer surfaces and lack of attention to the operating conditions of each
individual exchanger in the crude preheat network. The combination of the above listed
phenomena deteriorates performance of individual heat exchangers in the network and
results in reduction of the furnace inlet temperature.

[0610] Embodiments of the present disclosure allow refiners to process larger
percentages of opportunity crudes by recommending optimal blend ratios and optimal
process conditions, in particular surface temperature and velocity of the crudes. In addition,
it quantifies any future reduction in the percent cleanliness of cach heat exchanger in the
network. Once in possession of this information, the refiners can determine the necessary
chemical treatment is determined by quantifying the impact of various chemicals, enabling
the selection of the best possible treatment to mitigate the performance degradation of the
heat exchange network, quantify the improvement in the performance through the
appropriate chemistry and optimizing the dosage of the treatment chemicals depending on

the crude being processed.

BRIEF DESCRIPTION OF THE DRAWINGS

[6011] FIG. 1 is a block diagram of an illustrative embodiment of a system for
recommending optimal crude blends and chemical treatments for those blends.

[0612] 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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[8614] The modifier “about” used in connection with a quantity 1s inclusive of the
stated value and has the meaning dictated by the context (e.g., includes the degree of
error associated with measurement of the particular quantity).

[6G15] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, or that the subsequently identified material may or
may not be present, and that the description includes instances where the event or
circumstance occurs or where the material is present, and instances where the event or
circumstance does not occur or the material is not present.

{8816} Crudes and crude blends arc used interchangeably and each arc infended to
include both a single crude and blends of crudes.

13017] A method and system is taught for evaluating crudes and crude blends,
specificaily, characterizing the tmpact of various constituents of the crudes on fouling of
heat exchangers and recommending optimal chemical treatments to minimize the fouling
and thereby reduce the rate of decrease in the furnace inlet temperature. The system and
method of the invention is described herein with reference to FIGs. I and 2. With
reference to FIG. 1, there is shown a block diagram of one embodiment of the system for
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 databasel06, more particularly
known as a hot liquid process simulator (*“HI.PS™) which stores a massive amount of
data, including experimental data, relating to different types of crudes 102, their
charactcrizations, 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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product requirements, If it is determined that the crude 1s compatible, then the
information proceeds o the database. If the determination is no, then it is suggested not
to use the crude 205, This crude information 102 is then stored in the HLPS database 106,
Lab scale studies can be conducted to determine the particular parameters for individual
crudes. The properties are then later estimated for the blend having different crudes in
known quantitics. The parameters thus extracted are then corrected for the operating
conditions specific to the refinery and used in the fouling rate predictive engine J08 ina
subsequent step.

[6019] One step in the methodology encompasses the means to 1dentify and detect
parameters of the fouling propensity model 110. This step primarily seeks to detect the
fouling propensity of individual crude samples, which will then be used to predict the
fouling tendency 112 of the crude blends incorporating said particular crude. Two
operating conditions which impact the rate of fouling are the surface or skin temperature
and the velocity of the crude through the heat exchangers. Additional parameters that
optimally may be considered in this step are the mass transfer characteristics, the reactive
nature of the foulant species in the crude, and the bulk surface temperature.

{#020] The data on the crudes can be also be used for defining and recommending
compatible blend ratios, as well as optimal blends dependent on the operating conditions
of a particular refinery.

[16021] 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 cach
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 wili not be

significantly affected.
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[6022] The predictive engine 108 will then be abie to use the compiled information to
determine the future fouling trend for each of the exchangers and subsequently for the
entire heat exchange network. The key parameters used in the model are the diffusion
coefficient, foulant concentration, reaction rate constant and the activation cnergy. This
information is compiled and provided, along with additional data, as refinery conditions
101. Thus, this framework provides for the prediction of furnace inlet temperature as a
function of the crude or crude blend being processed.

100231 In addition, the information on the crudes and the predictive engine 108 can
be used to define optimal processing conditions, namely the surface temperature and
velocity of the crudes so as to lower the fouling rate of individual heat exchangers in the
network.

[0G24] The third step or tier in this method or system is the chose of operating
conditions and application of chemical treatment to optimize the processing of the crudes
and minimize the risk of fouling of the heat exchangers and the overall network. Taking
into account the information on the crudes and the prediction of fouling as determined in
the above tiers or steps, the refinery can determine the optimal dosage of chemical
freatment, and performance paramameters 120. This is done by quantifying the impact of
different chemicals on the crudes and on their fouling potential, and enabling the
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.

[06025] 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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[6061] In order to more clearly illustrate this invention, the data set forth below were
developed. The following examples are included as being illustrations of the invention

and should not be construed as limiting the scope thereof.
EXAMPLE

[¢026] A lab scale experiment to run the crude and crude blends thréu.gh an
clectrically heated exchanger was set up. A detailed first principle fouling model for the
Jab scale studies was formulated. An analysis was conducted to run the experiments to
capture the effect of temperature, composition and the impact of chemicals. See Tabie !
below, The experiments were run for different blanc crudes and crude blends at different
surface temperatures. The experiments were then repeated with an addition of chemicals
to the same blanc crudes. Parameters of the fouling model were extracted for the runs.
A first principle based on fouling rate model was formulated for a scaled-up heat
exchanger which involved the effect of shear due to turbulence. The parameters derived
above were used in the fouling rate model for one of the beta sites where exchangers
were classified as high risk, medium risk and low risk exchangers. The details are given

in Fig. IA.
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Figure 1: Parameter estimation for the lab experiments

Figure l: Parameter estimation for the lab experiments

[0027] While typical embodiments have been set forth for the purpose of illustration,
the foregoing descriptions should not be deemed to be a himitation 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,
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the gpiritngridssdbpetheleimildaetappdrided dldinrg 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. CLAIMS
Havihg destrieaiHan pamions, fsat skiscpprotiinedudes or crdeydgadn dopefinery
evalugdiagethediskrf@pportunity crudes or crude blends on refinery

. IEITE . tone
operations EE: z@%ﬁggem_%nan gg&%biaeja? gtt%na?gegs?%%éecll%t@f@do}'om%%é:eb %}é) and

crude or crude blend; and a predictive éngihie CSmprisiig a toul

propensity tigdéicfor exaoutivignatikiest dndipgeiationiof thelfoilingcecuting at least

propgRsity G heatRxehangsrdp-ahedr eXehands Nemark, M\é@?é@éﬂaﬁggpawork,

heat exchanger in the heat exchange network is qualified as either one of:
 heabexe %QF%W%&&%%P&E@&’?&&%@?% SEPERERRAGEH tHbtsigither one of
marginally aheetrisicofreccelehated foukngoong, heabexchangenthai will-piatily at a

be S}ngp%@éﬁ{@%ﬁmg, or a heat exchanger that will not be significantly affected.

2. The system in accordance with claim 1 wherein the predictive engine takes as
mput crude information comprising at Jeast one of surface or skin temperature and velocity
of the crude through the heat exchanger.

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 | 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:

a database storing data related to at Jeast one crude and/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,

wherein each heat exchanger in the heat exchange network is qualified as either one of;
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2.The system in accordance with claim | wherein the predictive engine

takes as input crude information comprising at least one of surface or skin
temperature and velocity of the crude through the heat exchanger.

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 $PEHIESIRAY Srifuaccalteristikslivece tahisetatirs the irfarginally ata
systent ist acedrdandcwiiih, daindanhehaindhenprediative,eagingdakBsadBeted; and
mpuglg I];I(%%'(% %F?%Y%Hﬁgap%mgﬁ?ﬁé gfrgl %‘ecqggégsgg §'015 ﬂ]m?;é%%tgﬁ@ Inude and/or
accordance with c]alm | wherein the fouling Bropensﬁ’ty model will quali
eacli'HéabBREHEHGENIH & Hisat duehantis e tivorkat G clipresyatBraTi

accordance with claim | which further provides a future fouling trends for

each heat exch and the heat exchange netwark, 7. A system for .
eval%'ating hemﬁats].n(%g Oppor ﬂfr:ﬁ{%ctrﬂed%aévgﬁcrﬁ"&é\{\aﬁgﬁasmow?éiH%?rfm“s by using
operationgreomprdsing crude teddtabymgeistering data related to at least one
CrUd(_:" e_md/ Qtﬁﬁf%qﬁtglmeﬂqg J@fc‘:@_ﬁ%@@ﬁf@@%%@@FjJHQB%nd and Refinery operating
predictive engine comprising a fouling propensity model for executing at

least 8L BPEYI&iSH 8 Yhe fouling propensity of a heat exchanger in a heat
exchange netlyerk: Wherginieacthh datiexchangesdinihe heateeXehpmadietive engine
newﬁ%@ﬁi 9%'!@?1%9 ;ﬁ-§ﬁ%ﬂggf %%ge?ffor exec@t#ﬂ%aitq)e(gﬁ%ge lg\g} io}g] of the fouling

accelerated fouling, a heat exchanger that i1s marginally at a risk o
accETORSEPIStIME bR S gt elch ARt s that Shilchse e \hgrficsislyeat exchanger
affeciet: ang applieationebahenicaliseatnentie.pimizeprecessing afcelerated
the g agstongeide andian g DlendAng DR ek 9L LING 0L Ranger mar
heat exciranger network. 8. A methbd for quantiiying the Savings. - ©<cranger tha
avaitabledrbrefigiofipaeraiates byrdising opportunity crudes or crude

blends, compisinga chemfQringhaiala relairehioatieastinne cimde:aptiosne crude

crude blend and refinery operating conditions in a database;

AT TTEET BT T A0 4 e e engadreigee bose
engimetiapintcddoulidy fropensitpamdigetfdeiexd cutingafteastcahmbase.
prediction of the fouling propensity of a heat exchanger in a heat

exckgange network, wherein each heat exchanger in the heat exchange

network is QUXETEEXAREH D bFisk Abmangaitnitilse cElmseBitatiipgrefinery
a exghanges thatpissimarginally at a risk of accelerated fouling, or a
eXCha_ngerEya%Myc@%trB 3&%#@%%% Qﬁgzgstteo ”ée%@lgcie and?‘(}?%%ﬁ]&dﬂend a fl refinery
chemical treatment to optimize processing of the at least one crude and/or
crud@Brerg gidisirimize the risk of fouling of the heat exchanger

network baseg@aihe-pradicianalitie fauling prapessitnrdelanddhie at least
data t];%oqjeggc% (ji?'t‘"glaésg)hhgn' TAI%égtlgl f)(%ra%vfatluaqn% the ris 0[ o)PPprtuniW rork b
crudes Brerude biends on retin ry (r)%eratlgﬁseéghal %i’r’]]ga: “ AT 4ge ™ Y
storivpedha relatdeed at feadtiebessrateand/oh drateXslendean thefimatyexchange
Ope@mt@%&%iﬁﬂ% as cifhdIERUCIVE: %ng-ﬁl%ﬁomﬁ{ iﬂ@&@a@&“ming, a exchanger
propensity model for executing at least one prediction of the foulin .
prop&hisity BE WAt 8kchENger instiaaEd @h‘gﬁgé’eq’ie?\/\f‘ﬁ‘ﬁbﬁgﬂsf%@ttl’?’éﬂ not be
dataigtafechity if&daedabake, wherein each heat exchanger in the heat
exchange %ﬁ;ﬁ&{}ﬁ:ﬁ}gg%%ﬁgiaﬁ?@%%ﬁ{ QﬁeoBéi'zgir?é(ggm{sW(!thtimize prgcessing

accelerated fouling, a exchanger that is marginally at a risk of accelerate

foulfigh oAl ERERBH RV FBtoll i art A iabtenskapiouling of the heat

appticatiapeof chenticakiheatment acicapearatisgsandidionsperepiimizaditions are
ro ' f least one crude.and/or.crude blend and minimize the, .
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treatihdpiehig operating conditions are determined based on the

prediction of the fouling propensity model and the data stored in the

database.
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