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CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This patent application is a
continuatiomérzq@ari pkedS Patent Application Serial No. 11/736,819, filed orcAprit2b8s/8804s The
contents of which are hereby incorporated by reference. BACKGROUND TECHNICAL FIELD
100021Embodiments of this invention relate to a method for corrosion assessment. Embodiments of
this invention relate to a system for implementing a method of corrosion assessment. DISCUSSION

OF ART [00031Petrole ¢ ey BEBbtainEd A EAdd VBT B e drraim BMomplex

CROSS5-REFERENCE TO RELATED APPLICATIONS

[0601] This patent application is a continuation-in-part of US Patent
Application Serial No. 11/736,819, filed on April 18, 2007. The contents of which

are hereby incorporated by reference.
BACKGROUND

TECHNICAL FIELD

10002] Embodiments of this imvention relate to a method for corrosion
assessment. Embodiments of this invention relate to a system for implementing a

method of corrosion assessment.

DISCUSSION OF ART

[6003] Petroleum may be obtained as crude oil, and may contain a complex
mix of components. One type of component is a naphthenic acid or naphthenic acid
precursor. The presence of naphthenic acid or naphthenic acid precursor can affect
the corrosion potential of the crude oil.

10004) Crude oil 18 “sweet” if it contains less than 0.5% sulfur, compared to a
higher level of sulfur in sour crude oil. Sweet crude oil may contain a small amount
of hydrogen sulfide and carbon dioxide. High quality, low sulfur crude oil may be
processing into gasoline and is in high demand. “Light sweet crude oil” is a most
sought-after version of crude oil as it contains a disproportionately large amount of
these fractions that are used to process gasoline, kerosene, and high-quality diesel.
Sour crude oil contams impurities such as hydrogen sulfide, carbon dioxide, or
mercaptans. While ali crude oil contains some impurities, if the total sulfide level in
the o1l is > 0.5 % the crude oil is called “sour”. The term “opportunity crude oil”

refers to crude oil that is of non-standard origin or is from a field that is of unknown
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mix of components. One type of component is a naphthenic acid or naphthenic acid precursor. The
presence of naphthenic acid or naphthenic acid precursor can affect the corrosion potential of the

crude oil. HOO4kGrage ol is "sweet” if it contains less than 0.5% sulfur, cemparegddoadiigher level of
sulfur in sour crude oil. Sweet crude oil may contain a small amount of hydrogen sulfide and carbon

dioxide. High quality, low sulfur crude oil may be processing into gasoline and is in high demand.
"Light sweet crude oil" is a most sought-after version of crude oil as it contains a disproportionately
large amount cfrivesededictionscthap@ncersedio: processcgasclitfer ke setfer andhigitiguality diesel.

Sour crude_0il centains impuritie S h ?813} drogen Hlfide, carbon dioxide, or mercaptans. While all
crude oil cgﬁ?a%{}ﬁfrgﬁec?mgﬁﬁﬂ§§ %?t ae totées%%%%aei/el in the oil is > 0.5 % the crude oil is called

"sour". Thd@éfF 'opportiivityoerudersi” refarsidanade oil theiriscofmonfstand artorigims orfis from a field
that is of upknown, or K‘%%@%@‘i‘lﬁ"l%étéﬁ‘?grsﬁ%@e% Ii'l“ OQ(S%T&*‘E%PB‘?&%T&%%QUS%&“ LARd, Sulflyr compositions

can affect the corrosion potential o orrosion may be pro [ematic in petroleum
refining operationghef elude 3l8. dCprosionimatmagphericcandevacUtrmdistitatiomunits bt

tempe_rat“d%%% eRlerhan (%?PQ%E\%O%P‘%E%@S%IJ%'?& HIBEY *a%c ngé'ca [Pk, SOme, Gorosion may be
associated with corrosive species, such as those disclosed above. Factors that contribute to the
corrosivity amtohgsientpotentiz ot crudeoitivat portains dorrosive spetiesninohsdetteiamount of
naphthenic acid present, the ecular stiicture %f : a theni id prec r, 1 ncentration of
sulfur com%%%%%gétﬁee”tﬁglaﬁgfgb% |tr)} '#mégéccidéla t%geilge o’c%[% gr}]%g LI3’t%r aﬁlﬁgg%%g&%e g’w stream in
the units, anghtetike A0606thighstem ferateeccomesion contwbiiattenmpehavesindludedthlending a

higher ”apé@Qﬁ&‘é%@?iQﬁBQtSH%&r‘d%es%%M %nrc?'&fhéﬁi&h‘? JapLtenic.acid captgntgryde ofl;

neutralizing or removing naphthenic acid precursors from the crude oils; and use of corrosion

inhibitors. @atribsibleinhibition of the inward-facing metallic surfaces of refinery equipment has been

attempted gy, ggding an ﬁ%ﬂ%‘é&{g}%&ﬁé%‘&%‘%‘i‘ﬁ Sn%%‘%'igﬁg&éﬂfg%%&é%d@&'%%&? gsphate
composition containing at féast one aryl group, and a mercaptotriazine composition. 108071Refineries
monitor théighrosiphthgnplasinigrentrosindnonitefihg deldces indocatiphienroughbuenhmiefineries.
Unfortunatgly;1d f&“%ﬂ&&%ﬁg@'& @&H&%@%Qﬁﬁ%ﬂﬁ 'Ec%dcg?ék%@%%@%@ﬁ {deniiiad pots should be
representative of the corrosion level of theentire system. That Is, the corrosion monitoring devices
only see aEalkpaichosferen withinadar§epipig nebWvtiorant banmotadiiaptiatentiatiidata to

represent RopMONiQEthareas Without Joformation,ondhe pensral GRTaSIANSIateOL iR Specific
corrosion state in non-monitored areas, choosing an appropriate treatment response may be

problematieil THderegaitiens fesponse fajiielide vhpubias soetpas dosagatapeicarhdenst, frequency,
and 'Ocati%éoéﬁﬂgim-M@%@E&H&Fﬁ?ﬁ@k@h@ﬁéﬁﬁ&?he treatment response may not be as

effective as is pdssible or desirable.” ' . _ o
[6667] Refineries monitor the corrosion by placing corrosion monitoring

devices in locations throughout the refineries. Unfortunately, identifying suitable
monttoring locations s a chalienge as the identified spots should be representative of
the corrosion level of the entire system. That is, the corrosion monitoring devices
only see a small patch of area within a large piping network, and cannot extrapolate
that data to represent non-monitored areas. Without information on the general
corrosion state, or the specific corrosion state in non-monitored areas, choosing an
appropriate treatment response may be problematic. The treatment response may
include variables such as dosage type. amount, frequency, and location for addition.
Without informational guidance, the treatrnent response may not be as effective as is
possible or desirable.

[0008] A further complicating factor is a lack of an adequate corrosion model
for naphthenic acid precursors and sulfur compositions corrosion factors. Without an

adequate model, the various naphthenic acid precursors and sulfur compositions are
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[0008]A further complicating factor is a lack of an adequate corrosion model for naphthenic acid
precursors and sulfur compositions corrosion factors. Without an adequate model, the various
naphthenic acid precursors and sulfur compositions are treated equally - despite their actual behavior
showing they do not contribute equally to corrosion. The necessary but inadequate presumption that
a!l naphthe_nic acid components and sulfur compositions have the same corrosive tendency has led to
dlsct:rr]e%anfues in treatments and actions taken at crude oil refineries. [0009]There may be a need for a
method o Ssi cRIro ont ¥ Availah ay be a
need for a %i?s%e%i é%x able O?Sgs{;ez%sh(s%hr{sa %%%@Fongﬁ%t@ﬁg@gﬁom tﬁigs}é(ﬁs stemtsﬁ%%aeﬁ g?é[%ui/rently
available. BRIWR%EIWQM@?] m&é@m@&tﬁfﬁ@@@pﬁo%@@é FEEHGE ising:

assessing Cogglo%]gﬁr%}g] TETINGRE ORg %59 iDaving,a %%&%t@%s%%ﬂ&&y has led to

discrepancies in treatments and actions taken at crude oil refineries.

[6689] There may be a need for a method of assessing corrosion that differs
from those methods currently available. There may be a need for a system capable of

assessing corrosion that differs from those systemns that are currently available.

BRIEF DESCRIPTION

[0009a] | In one aspect, there is provided a method, comprising:
assessing corrosion in a refinery operation having a piping network,
comprising:
identifying in a petrolenm sample a presence and an amount of a
species determined to be potentially corrosive to corrodible equipment in a
refinery; and
determining a corrosion risk presented by the presence, the amount,

and the boiling point of the species; and

evaluating the corrosion risk in view of piping network information.

[6010] In one embodiment, a method is provided that includes assessing
corrosion in a refinery operation having a piping network. | Assessmg can include
1dcnt1fy1ng in a petroleum sample a presence and an amount, of a species determined
to be potentially corrosive to corrodible equipment in a refinery. A corrosion risk
presented by the presence, the amount, and the boiling point of the species is
determined. And, the corrosion risk is evaluated m view of piping network
information. | ‘

[0611] - In one embodiment, 2 method is provided that includes assessmg a
corrosion potential of a corrosive species in a piping network in a refinery. The
assessment includes determining optimal amounts of additives to a crude oil
cantammg the corrosive species to reduce or eiiminate the corrosive potential.

[0612] In one embodiment, a system is provided that includes a readable
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identifying in a petroleum sample a presence and an amount of a species determined to be potentially
corrosive to corrodible equipment in a refinery; and detelmining a corrosion risk presented by the
presence, the amount, and the boiling point of the species; and evaluating the corrosion risk in view of
- piping network information. [0010]In one embodiment, a method is provided that includes assessing
corrosion ing-tefinery.gnesation haying a8 piping ng ssessing. can incl%%g identifying in a
petroleum sample a p%getgence a%%g an amount of a é\p%g%éé\’%%t%‘%‘?ng& {0 B PUtERtaNT @offosive to
corrodible {tiBiEenPiRiag ctresiia cBhogicitisk predentedioytie piesenee, itheamaupt, and the
boiling pointafthe.speciasiis determined. And, th sign risk is.evaluated in view of piping network
informatior?[OOll]ln one%mboeé;iment, a methgd%grﬁ%\?ié)ggath%}“ﬁgﬁﬁ%saa@b%‘smﬁ &%¥BHSsion
potential of@%ﬁ%’%@%ﬁ@d@ci@@%ﬁéﬁﬂﬁoingm%mrk}im&w&ﬁ%ye@hmeﬁﬁ@%ﬁw_d@}getermining
optimal amgis; gf.agditives 4o 2 grude; il %%Qt%%%!g%%tt@h&ﬁ}% osive species to reduce or eliminate the

1 1 @ ?C‘J._ @ - 1 F=3

corrosive p_gte}ntlal. _ presence, the amount, and the
CLINE PoInt snEries: & - ~ : e i o :

g point of the species; and evaluates the corrosion risk o a piping network in

view of piping network information.

BRIEF DESCRIPTION OF THE DRAWINGS



[0012]In one embodiment, a system is provided that includes a readable 3 medium coupled to a
processor capable of assessing corrosion in a refinery operation having a piping network. The
readable mgdiumsnghgees data that identifies in a petroleum sample a presenge@anstaasnount of a
species in a crude oil sample determined to be potentially corrosive to corrodible equipment in a
refinery. The processor determines a corrosion risk presented by the presence, the amount, and the
boiling point of the species; and evaluates the corrosion risk to a piping network in view of piping
network infdffdfibn. BRIEFDESTCRIAFONi@FaTHE BRAWANGS: Wabodiment of a system
2908/1308%@%{%&@&@%@&%@%&%@;@9ﬁja%g,&]lgck diagram of an illustrative embodiment of a

system

{6014} Fig. 2 is a block diagram of an illustrative embodiment of the corrosion
model.

DETAJILED DESCRIPTON

[0615] Embodiments of this invention relate 1o 2 method for corrosion

assessment.  Embodiments of this invention relate to a systemn for implementing a
method of corrosion assessment.

[0016] As used heremn, the terms “may” and “may be” indicate a possibility of
an occurrence within a set of circumstances; 4 possession of a specified property,
characteristic or function; and/or qualify another verb by expressing one or more of an
ability, capability, or possibility associated with the qualified verb. Accordingly,
usage of “may” and “may be” indicates that a modified term is apparently appropriate,
capable, or suitable for an indicated capacity, function, or usage, while taking info
account that in some circumstances the modified term may sometimes not be
appropriate, capable, or suitable.

[0017] Approximating language, as used herein throughout the specification
and clauses, may be applied to modify any quantitative representation that could
permissibly vary without resulting in a change in the basic function to which it is
related.  Accordingly, a value modified by a term or terms, such as “about” is not
limited to the precise value specified. In some instances, the approximating language
may correspond to the precision of an instrument for measuring the value. Similarly,
“free” may be used in combination with a term, and may include an insubstantial
number, or trace amournts, while still being considered free of the modified term. The
singular forms "a", "an" and "the" include plural referents unless the context clearly
dictates otherwise.

[6618] A method and system is taught for using a model to determine the
corrosion tendency of specified corrosive species used in a refimery, using the
determined tendency to optimize and control the corrosion, and finally determining

the optimal placement of corrosion monitoring devices in the facility for optimal
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high temperature corrosion predictive framework. 100141Fig. 2 is a block diagram of an illustrative
embodiment of the corrosion model. DETAILED DESCRIPTON 100151Embodiments of this invention
relate to a wmetbad/fao@rrrosion assessment. Embodiments of this inventiop¢elatedpsasystem for
implementing a method of corrosion assessment. [00161As used herein, the terms "may" and "may
be" indicate a possibility of an occurrence within a set of circumstances; a possession of a specified
property, characteristic or function; and/or qualify another verb by expressing one or more of an ability,

capability, drpbEsilsmeyedissoclarle iftsike alalificasibay. Aepurdsagicuseasectpimely'bagid "may be”
indicates that.g,medified,Ieseis ARPArRNY ARRIREtEaRaRIS; oL syitRbIe.for.an ipdigated capacity,

function, or usage, while taking into account that in some circumstances the modified term may
sometimes PRICBeCappTutiate, Cepasie)sicsuieasielingorriiiproxndatihy kingusgerasiised herein
throughout {hes speificalian-and Cawses, Mmaybe.ARPlsd fomediy:any gratitalvg epresentation that

could permissibly vary without resulting in a change'in the basic function to which it is related.
Accordingw&ivaﬁf@@ﬁ(féﬁfr@dﬂwkaf%ﬁﬁlwwm@u@h%@wf@stwwwm@%@ previse value
specified. In5oMe, iNsiaBeas: the aPRxImatinglanguage may-Laresponshie-theRiegision of an

instrument for measuring the value. Similarly, "free” may be used in combination with a term, and may
include an PSUBSEaTEBRIMTNGBEE by tratd EHBEMORATHRISHR hdmy borsipries frebUf thetmodified

term. The singlles fosie [a" i ane WtanrivcesialelarRninuIons e cRixblgarly dictates

otherwise. 100181A method and system is taught for using a model to determine the
corrosion rates for same stream using shear profile.
16019] Two families of species that may increase the corrosion potential of
crude oil may include naphthenic acids and sulfur compositions. The naphthenic
acids and naphthenic acid precursors may include, for example, the structures shown
in Fig. 2. The corrosion is driven by chemical kintics and may be expressed through
an Arrhenius equation or a competitive reaction expression.
[6026] The sulfur-containing species may include one or more of hydrogen
sulfide, mercaptan, elemental sulfur, sulfide, disulfide, polysulfide, and thiophenol. A
difference between corrosion caused by sulfur-containing species and by naphthenic
acids may be seen through the corrosion byproduct. A corrosion byproduct for
naphthenic acids is iron naphthenate. A corrosion byproduct for sulfur-containing
species 1s iron sulfide. Iron naphthenate is more soluble in crude oil than iron sulfide.
As a result, the iron sulfide tends to form a sulfide film, which may prevent or reduce
further corrosion in some instances, or may form a local corrosion cell that pits in
other instances. Pitting may affect system integrity faster than general corrosion.
[6621] With the sulfur species, “active sulfur” is the sum total of available
corrosive sulfur present in the crude oil. Similar to the naphthenic acid, the true
boiling point distribution of active sulfur is used to characterize the pseudo-
components of active sulfur.
[8022] With reference to Fig. 1, a prediction framework 106 determines
corrosion risk or corrosion tendencies of a particular crude oil or crude oil biend (with
reference to particular piping components). The framework comprises a number of

actions, including characterizing the corrosive species and capturing the corrosion



corrosion tendency of specified corrosive species used in a refinery, using the determined tendency to
optimize and control the corrosion, and finally determining the optimal placement of corrosion
monitoring deymes/instae facility for optimal facility operation. Embodimentscaf thesngibndscomprise
the prediction of high temperature corrosion for different streams in atmospheric and the vacuum
columns based on crude oil characteristics, operating conditions and the presence of any inhibitors or
other treatments. Additionally, in an embodiment of the invention, an optimization framework for
selecting critRe it blakd staif@foinE e spmesit dodage geskdep ewirosiog ratedbeldwbdesgecified threshold

is provided.p%@gmﬁ% embediment pigyides for a method to assist refinery operators in identifying

corrosion hot spots through shear by using fluid dynamics techniques, and allows for extrapolation of
corrosion ra r same streardisiprsaBaitisfoile. 300 19 Famiiew cloadéses ¥4t aray increase

the corrosiaqpotentighqf erudsRilmaydnciudssnapibeniciacids and siur sompagitiong The
naphthenic acids and naphthenic acid precursors may include, for example, the structures shown in
Fig. 2. The BBif®FEnAE epieH By BleipiedhRirfies @ i die beoapressadaivougi ahatrhenius

equation ori@,AaMERRHLVEfBRCIONRKRISRSION; [0AZOITAGAUIILCARtAINIAG; SRECIES MAY-nciude one or

more of hydrogen sulfide, mercaptan, elemental sulfur, sulfide, disulfide, polysulfide, and thiophenol. A
difference H&¥Rie R cORFEORECA0RBT DY sAffut-GURtaIMhgcapBEnsstam BienaginRsnic Seils may be
seen throughy Hhie,eQfrasion; RYRIRANCL A CoogionYBIPEELIAr naRhtheRic.asids i3 liop,paphthenate

A corrosion byproduct for sulfur-containing species is iron sulfide. Iron naplithenate is more soluble in
crude oil thaRH#HSiiFdarAatipreslththefioasummBE tBRls Wfsinils slifiaafilpd, aricHingay prevent

or reduce fuigherRAFOSIAN i SEMEINSIANCES, o5 Max foumglocakgnrrosion oell thatpits,jn other

instances. Pitting may affect system integrity faster than general corrosion. [0021]With the sulfur
species, "adiGEISUIfLALS TRE S (P RSTERS A Vaiame et réaveodl FieprssBam iR el itiiiaion. Similar to
the naphthepigagid, the true boiling point distribution of active sulfur is used to characterize the

pseudo-comé)onents of active sulfur. o
10024] In different draw-off streams of the distillation columns, corrosive

species can have a differing concentration and differing corrosive tendencies. These
corrosive tendencies may be characterized using a pseudo-component approach. The
pseudo-component approach provides that crude oil samples from different sources
distilled at a particular temperature range have similar vapor liquid equilibrium
properties.  Once 1n possession of the true boiling point of the corrosive species, a
corresponding pseudo-component construct can be formed. Given a distillation
model, the concentration of corrosive species pseudo-components can be tracked
across the column draw off streams.

[6G25] Piping network information includes data on the piping network at a
system level and at a piping component level. For example, piping network
information can include the material(s) from which the piping components are
formed, the length of the pipe runs, the piping diameter, the piping thickness, the type
and location of piping joints, the turns and angles of the piping, the temperatures to
which the piping is subject by arca, surface treatments of the pipe, age of the
components, and like information. Piping network information 108, including
configurations and properties, is gathered to form information on the relevant piping
network configurations. The presence and amount of the corrosive species impact the
mass transfer and film dynamics in the piping network. The piping network

information and the corrosion model determination are processed into a flow model
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100221With reference to Fig. 1, a prediction framework 100 determines corrosion risk or corrosion
tendencies of a particular crude oil or crude oil blend (with reference to particular piping components).
The framewaskesmprses a number of actions, including characterizing thecomesi¢espesies and
capturing the corrosion process, and mitigating corrosive damages by optimizing crude oil blends or
providing counteractive additives. 100231The crude oil properties 102 and refinery operation
conditions 104 are used to form a corrosion model 106. The crude oil properties can include the

presence of EBrrd$ivélapesiss! mevaprslint Getheceueddive sEadpandgieatiie bbindopoint of the
corrosive SB?&J@?Ja?ﬁ;E@@I&?%@%%@&%E senditions.inclade the. tyipe gid operatingsgenditions of a

piece of equipment in the refinery. Such equipment may include a crude oil distillation column. The
corrosion nididel capreneiiiisies thelbpsradionrof e REiner) diulpnigntaithdsmpetetsiitiited operating

conditions, mﬁdg@iﬁg%@%@Q{:M@ﬁpg{é%&gpcies. The corrosion model can predict or determine
properties of the varfious draw-off streams from the distillation column, 100241In different draw-off

streams of {R8%fiktillationlectaabedimssivdlspadiea@aniivayaadeitfsringoeareeHtrationuhd differing

corrosive tendenciesmbese LAITasiyeRRICREIRS TR RESORIAGIRIZEd aingi-ResydRromponent
approach. The pseudo-component approach provides that crude oil samples from different sources

distilled at &94fichl&r tehsperHtutberaage T e sifslal Vaforiedint dbgifiBriafoprapértidsconce in

possessionBiHg U HQilingROIRY pfdme AT r@ﬁiﬂ@ei%?rﬁi&ﬁa@ &arRshonging psgrgoseqponent
construct can be formed. Given a distillation model, the concentration of corrosive species

pseudo-corpBHBItS e8I AEKE AU FYSSEHO BHIBHTH B aw oS tRe eI S WBh 884 BisiMePFetwork

info'{nation inciHdesHlataenthe pipingRrewarkal tre model. Some information considered
useful in this process, but in no means intending to be limiting, includes the
naphthenic acid concentration, the cut temperature, the operating temperature, and
mass spectrometry data, including molecular structure. This corrosion rate may be
used for a second tier or step of an embodiment of the process, which is the
optimization 114,
160271 Fig. 3 illustrates an embodiment of a corrosion model with its various
components 200. There are four main corrosion model components: reactions
occurring in bulk 202, reactions occurring at a boundary layer 204, reactions
occurring at or undemneath a sulfide film 206 and the reactions occurring at a metal
surface 206. The bulk reactions require inputs from distillation or corresion models,
including the percent of the corrosive materials, for example, the percent of
naphthenic acid, the percent of sulfur compositions, the naphthenic acid regeneration,
the naphthenic acid decomposition, and the decomposition of the sulfur compositions.
[00G28] The boundary layer reaction 1s based on with the mass transport across
the boundary layer, or hydrodynamic film, which is relative to the advanced flow
model, or the computationa! fluid dynamics model. This first resistance depends on
oil conditions, including density, viscosity, shear, and velocity.
{0029} The sulfide film reaction is based on the mass transport through sulfide
film and the inherent dynamics of sulfide film. This resistance depends on the
thickness of the suifide film, and is also relative to the wall shear that acts upon it,
which is a function of the rate at which the suifur compositions reach the wall, the rate

at which the sulfur compositions corrode to form sulfide and the rate at which the
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system level and at a piping component level. For example, piping network information can include the
material(s) from which the piping components are formed, the length of the pipe runs, the piping
diameter, thevpyuiggstisekness, the type and location of piping joints, the tugnsranskarales @f the piping,
the temperatures to which the piping is subject by area, surface treatments of the pipe, age of the
components, and like information. Piping network information 108, including configurations and
properties, is %athered to form information on the relevant piping network configurations. The presence

and amountWiififelcerpaiod dpedfeyibhphrarthé nilieshiedmster eirddimripaansicsdpstiielidiping network.
The piping gefwork Eﬁ@ﬂ?ﬂaé}@ff&ﬂ%&b%&Pwﬁﬁiﬁfgﬁ‘gﬁ%'r%%r{ﬂ@%@ @Jﬁ&{gqggéﬁ%i%&?sa flow model

110. The flow model may predict the average shear in the piping network. The flow model may predict

the localize@dhetr wdnie Biphst iealbik. Eorexamphs, differsmssenfurteompositions wikiedsult in
varying filmbuildup andsemoval girecivimpeatingdie. shearwihin the network. 100261in one

embodiment, the advanced flow model is a computational fluid dynamics model. The information from
the corrosidA%Hidel and T adiRie4oTenT isodet TATIDTed o MridstdsisnombdeliPiEto predict

the corrosiqp (alg.iTheneQrresicAMALelbasis: spirdictian: on e BRICURE SRIFOSIG SRECies, such as

for example naphthenic acid and sulfur compositions. It has been found that the more information
provided, tHETRHEHEEU AR e HRG dET2 S5O ECTARS T Btfo kb RMIBEREE Useful in this process, but in no

means intepigting;to be limitingyingludesithe.paphihenis acid.concentiation, iheuekiemperature, the
operating temperature, and mass spectrometry data, including molecular'structure. This corrosion rate
may be usel§T6Fa KEEEAd ABr VSIS R ERFBIMBUvAEAPISH tRBIpFBERE AR CATIsDhestiization 114.

[0027]Fig. 3Hustratesanapbedimentsf a rorasipa-medalivith disvarigus.campenents 200. There
are four main corrosion model components: reactions occurring in bulk 202, reactions occurring at a

boundary IR0, fEsRRIBALBERTRIY AR Undstidmais smbedimepos dnaienieadhens occurring

at a metal sufaceiP8Bmlibe tulisraastionsserire inprtsfrm: distilation ok cRipsiensmeadels,
including the percent of the corrosive materials, for example, the percent of naphthenic acid, the

percent of SGRUICHIABDIRICRS, thelhaphtheéhiaddrabeheration e eaptitfeiic 488, desbmposition,

and the decpmpositimahthesufbn CRMBESIIDRS: 1028k EhgRoundary layer reaction is based on with
the mass transgaort across the boundary layer, or hydrodynamic film, which is relative to the advanced

flow model ¥Rk computifictRHiAa RS RSHRS. TR Rl tesstapic B8R SRS EHEH conditions,

including depsiyiofsPsifnshear, apg \fﬁ&@@y-x{&ﬁ@%%@%ﬂg@ filaeaeqetion &y Rasedign the mass
transport through sulfide_film and the inherent dynamics of sulfide film. This resistance depends on the

thickness JPRBCSITAR i, BHASdURG TRl td R (e Shdarah tTaer igsorE, R a function

of the rate atwhishtthe suiuncempROsiionsyeachthewalbihrrale atodiish dhe sulfusgognpositions
corrode to form sulfide and the rate at which the sulfide is removed due to wan shear. As the

thickness of tHE ST &t e iEude L MY JPiayatS Hnd S8 fShe T atfE Wit KighP SIRE¥rom the
high velocitythigdilin gatsterenff and sorifectsdhediuiddyspmicerangthasamesion nate. This is

also related to, the advanced flow or computational fluid dynamics models. ,
optimization process for choosing crude oils, taking nto account the crude oils
available and the permitted range of combinations, comprises examining the overall
economics of the crude oils and crude oil blends, including the potential returns based
on different products, as well as the potential cost of treatment of the crude oils, such
as dosing with inhibitors. An alternate embodiment provides for a means to identify
the type and extent of dosage of treatment, such as mhibitors, to keep the corrosion
rates under prescribed or threshold limits. Alternately, the cost of corrosion rate,
which is determined by the cost of replacement of the piping including materials,
fabor, or downtime can be determined and can be compared o the cost of the
chemicals or inhibitors to restrict the corrosion rate, and thereby increase the overall
life of the piping. This comparison will show whether dosing the crude oils with

inhibitors would be more economically expedient than replacing a defined portion of

&



[0030]The last step comprises the reaction at the metal surface of the piping or vessel. The chemical
kinetics is based on at least in part on the function of species concentration, species type, reaction

temperature;angsnsialivirgy. [0031]An optimization step 114 is based on the tafiggng eauisements or
desired results. In one embodiment, the variables and information can be used to optimize the
mitigation strategy 116, in order to mitigate the corrosion and keep it below an accepted or threshold
level. An alternate embodiment is to optimize the crude oil blends 116 used, so as to control the
amount of riaprEricoadicdrantesodfapenenpositibngiisr thiecoradecoi. 1A thintbamboditwentisito combine

the two, and.gaiimige iy e eiyde b blends 118 andahedmiaalen Aitalegy,d 00321 The

optimization step includes a control aspect of high temperature corrosion i eries. This process
requires a pR{dits based e det vicegiresitisphbromeiobcthat takesimbjacdoufitattieasothe crude oil

propertes antpoeniiareaimenian THOMAHIE et ITeARkine il aulput ar degisian age the costof

treatment of the crude'oil, an the extent of le or acce e corrosion thres Treatment
may includértiETsanditich ef andebrssionthehibitern ThsToptineipttivacprode Secfov ohddsidegorade oils,

taking into geaguinihe fAR-ls uyailalie and e sSTIAGKR0ge ol spmBINalaNR.Gaprises
examining the overall economics of the crude oils and crude oil blends, including the potential returns
based on diffeFéRtipeodigctsicas wwehidsniepotdhtizt ebsicsfafeatidenildfitng eruble wiklablich as dosing

with Inhibitate, Ripalteraate mhedimenbpiovides A neanadtdeniiv e iagand:exent of dosage

of treatment, such as inhibitors, to keep the corrosion rates under prescribed or threshold limits.

Alternately, (H5sledst of dotio ST icier qvhich 36 ld etesmredl Dyt modtcof fepkisehiestiaf the piping
including matgrials Jabenar doyntme can he determined,and candiesormpared toths, cost of the

chemicals or inhibitors to restrict the corrosion rate, and thereby increase the overall life of the piping.

This compdfRgBRaHIIPSHER WREHE G SITHRTEcsHoRI sE SvAsmiR it Wb iie bestridreredonomically

expedient tBﬁ%t&M%@ﬂ?aﬁéﬂﬁ{m@ POSHOR R AREPIRINGLRLAPIPIRGL GAMRORSALL R {UEeR Alternative is
an

to combine the two, have a combination of inhibitor dosing with a defined lifespan of the piping.
[0033]The fifdtses tedeebesabaliercanise gadd welbkronactVefiRctioshrissiveds raigbalinteger

non-linear pRagrRMMIAG(MINGE), RIQRIGMLJHOF INSIRREENE treatment with an inhibitor is the chosen
metric to optimize, or is the available degree of freedom, the integer pan arises due to various options

available fd®édkment arftPBiPearvgdiacareéitbs araBintoins! itaie chokaor erbivh oiblend is the
available the JAINERWH optimize thedeaahahheRiengs NersHs:INe-EEaNARIG FRIULRSR the products.

If both metrics are available degrees of freedom, i.e., the combination'is chosen, the TVIINLP problem
can be extéhd&EE dptinigaasthd EssParRd st ranpiris RoTrRIRIRM S pfRsEHBR G EHDSION rate i

combinatiogsyigh $he:£asbelic/udeieiiiand comparestiadhe @SNAMRICHBINR O MRIRHNEE. The MINLP

problem can be solved through use of popular and well-known MINLP techniques or global
optimizatioAt8&hmiU$heleR%s Beskrcaig BRI dlmy) ah sretdmissansierihof #he MVention
includes a thifshtiato whishnmnay

[6635] For the third tier, or an additional step in an embodiment, the fluid
flow in the piping network on a component-by-component basis is studied for various
operating conditions in view of differing crude oil properties and gcometric
parameters. Correlations are used so that local maximum stress locations can be
located that depend upon the factors and parameters. The magnitude of the maximum
stress locations can also be determined due to fluid flow and droplet impingement in
piping components.

[6036] This information can be integrated with additional information,
including but not limited to, concentration and nature of the corrosive species,
temperature of the crude oils and the piping, and metallurgy of the system, and from
that corrosion rates at specified locations can be determined. Therefore, the places in

the refinery most susceptible to corrosion, or the corrosion hot spots, can be located.
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assist refinery operators in identifying corrosion hot spots through shear by using fluid dynamics
techniques. This method also extrapolates corrosion rates for same stream using shear profiles.
Identifying writiceddasetions to place corrosion monitoring devices is a challepga;snestig«due to limited
flow or geometry aspects that are not taken into account. [0035]For the third tier, or an additional step
in an embodiment, the fluid flow in the piping network on a component-by-component basis is studied
for various operating conditions in view of differing crude oil properties and geometric parameters.
Correlation§’8fé (ke s%@pthﬁiq@céamkm@ﬁﬁ@g@%@do@h@idﬁﬁmﬁb@mmdmﬂfame@emdmpon the

factors and %%B}gggqggﬁdﬂmggﬁggqgélapcgg_aximum stress locations can also be determined due

to fluid flow and droplet impingement in piping components. [0036]This information can be integrated
with additioH¥l3AformationlHeiaBkaYyBut (ot ies, dondentriaish amdindhwecohtie edtrosive

species, tempegaiirg of therrude oilsiand; the, piningnand metallurgy. of thgSysiem, andfrom that

corrosion rates at specified locations can be determined. Therefore, the places in the refinery most
susceptible¥SEFFsEo BFthe EBHOBIbHI YOS, cariBeitecalen@ribe faaseMprspatd have been

identified, the-tefineries.qaniPeMeRIRrd Wt aRRr ARIigts COTasion MEASHIRgJe¥iAe N
100371Simultaneously, corrosion rates at other places within the refinery can be’semi-quantitatively
predicted by EkardpsatifAYy tHauatansslicetodirorm fheinenndiingdaviees rhidexnenssiation is

conducted Ry4sing:#he. Same RIPIRY ARG MRS id- dypamics, BreReries ARRgG NE.Rpiping. At the

same time, by mapping hydrodynamics, or more particularly, the stress conditions as seen by the
measuring He%iEc?Ea1 e saREerto thdcirEmaadam, and better measurement of the corrosion rate due

to actual_ sfggag) can be determingeh 1003811030 8RS SENSRTHMBYhE RIaWdRd in the piping

network to supply information about conditions in the piping network. This sensor information may be
used as anSH88HigR BRGSO hRvE FATHB GE 68ifs Ring network. This sensor information

may be used as an additional basis to determine corrosion risk.

10039] The foregoing embodiments are illustrative of some of the features of
the invention. The appended claims are intended to claim the invention as broadly as
it may have been conceived and the examples herein presented are illustrative of
selected embodiments from a manifold of all possible embodiments. Accordingly, the
appended claims are not to be limited by the choice of examples utilized to illustrate
features of the present invention. Where necessary, ranges have been supplied, those
ranges arc inclusive of all sub-ranges there between. It is io be expected that
variations in these ranges will suggest themselves to a practitioner having ordinary
skill in the art and where not already dedicated to the public, those variations should
where possible be construed to be covered by the appended claims., It is also
anticipated that advances in science and technology will make equivalents and
substitutions possible that are not now contempiated by reason of the imprecision of
language and these variations should also be construed where possible to be covered

by the appended claims.
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100391The foregoing embodiments are illustrative of some of the features of the invention. The
appended claims are intended to claim the invention as broadly as it may have been conceived and
the exampig® heswizq@mwsented are illustrative of selected embodiments frorCa/Htanidwdall possible
embodiments. Accordingly, the appended claims are not to be limited by the choice of examples
utilized to illustrate features of the present invention. Where necessary, ranges have been supplied,
those ranges are inclusive of all sub-ranges there between. It is to be expected that variations in these
ranges will Skggést themselves to a practitioner having ordinary skill in the art and where not already
dedicated to the public, those variations should where possible be construed to be covered by the
appended claims. It is also anticipated that advances in science and technology will make equivalents
and substitutions posSiBTE iR SFEHBINSW contemplated by reason of the imprecision of language and

these variations shidialsope-sanstrugd wherapessiple-tade apvered by therappended.claims.

CLAIMS I. A method, comprising: - assessing corrosion in a refinery operation having a piping
network, cOPESIfigE:  identifying in a petroleum sample a presence and an amount of a species
determined to be potentigibh6piasivia ta ¢riforile eguipmenbirRrefingry, andmousletermining a
corrosion risk presented by the presence, the amount, and the boiling paint of the species; and

evaluating the corfB&5T HSKSHNASH &7 H1piRG RUHHONCRITSTIGt 67, COTT SRR S ARSI R fined in
claim 1, wherein pigigrheiwrk is a portion of a distillation column. 3. The method as defined in
claim 2, wherein the corrosion risk is further based on properties of draw off streams of the distillation
column. determining a corrosion risk presented by the presence, the amount,

and the boiling point of the species; and

evaluating the corrosion risk in view of piping network information.

2. The method as defined in claim 1, wherein piping network is a portion of a

digtillation column.

3. The method és defined in claim 2, wherein the corrosion risk is further

based on properties of draw off streams of the distillation columm.

4. The method as defined in claim 1, wherein the species comprise naphthenic

acid or derivatives thereof.

5. The method as defined in claim 1, wherein the species comprise one or

more sulfur compositions.

6. The method as defined in claim 5, wherein the sulfur compositions
comprise one or more of hydrogen sulfide, mercaptan, elemental sulfur, sulfide,

disulfide, polysulfide, or thiophenol.

7. The method as defined in claim !, wherein assessing corrosion further
comprises:
determining pseudo-components of naphthenic acid and active sulfur;

introducing the pseudo-components to an advanced flow medel;
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4. The method as defined in claim 1, wherein the species comprise naphther_lic acid or derivatives
thereof 5. The method as defined in claim 1, wherein the species comprise one or more sulfur

iti [ i [ i itions comprise one
compositioRsg 2008B3dda@ method as defined in claim 5, Whergln thg sulfur Gompositions com
or mF())re of hygrogen sulfide, mercaptan, elemental sulfur, sulfide, disulfide, p Tyg%%% @rlﬂ:ilophenol.

7. The method as defined in claim 1, wherein assessing corrosion_further comprises: determining
pseudo-components of naphthenic acid and active sulfur; introducing the pseudo-components to an

advanced flow modéipértradycirgpibepiningoretnastinfionmation 18 he.adyancad low medel; and
introducing information from then%dvanced %low model into a corrosion model. 8. The method as

e JHSRG Bz SbieNusrtto s sredsudsvir seppieiono reduce,

defined in claim 1, fu maredstud o reduce,
mitigate or atindiriate the corrosion risk. 9. The method as defined in claim 8, wherein optimizing is

performed using a mixed integer non-linear program. 10. The method as defined in claim 1,
further comprising identifying
& The methed as defined in claim 1, further comprising optimizing a blend of

two or more crude o1l samples to reduce, mitigate or eliminate the corrosion risk.

9. The method as defined in claim &, wherein optimizing is performed using a

mixed integer non-linear program.

i0. The method as defined in claim 1. further comprising identifying
locations in the piping network that are relatively more susceptibie to corrosion based

on the corrosion risk and piping network information.

11. The method as defined in claim 10, wherein identifying locations
comprises extrapolation of a corrosive range using the piping network information
and varying the fluid dynamics properties of a model relative to location in the piping

netrwork.,

12. The method as defined in claim 1, wherein the corrosion risk is based on
one or more of reactions occurring in bulk, reactions occurring at a boundary layer,
reactions occurring at or underneath a sulfide film, and the reactions occurring at an

exposed metal surface.

3. The method as defined in claim 1, wherein corrosive species m different
draw-off streams of distillation columns have a differing concentration and differing

corrosive tendencies characterizable using a pseudo-component approach.
14. The method as defined in claim 13, further comprising deternyining a true

boiling point of the identified corrosive species to form a corresponding pseudo-

component construct,
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locations in the piping network that are relatively more susceptible to corrosion based on the corrosion
risk and piping network information. The method as defined in claim 10, wherein identifying
locations comprises extrapolation of a corrosive range using the piping network information and
varying the fluid dynamics properties of a model relative to location in the piping network. 12. The
method as defined in claim 1, wherein the corrosion risk is based on one or more of reactions
occurring in bulk, reactions occurring at a boundary layer, reactions occurring at or underneath a
sulfide film, and the reactions occurring at an exposed metal surface. 13. The methaod as defined

in claim I, wherein cbirodive epéeidsindgiffesdrie diainoff stibsr of dighliation LorhA Have a
differing conceptrationapd differing cauosive tensansiesshaacterizablendsingaseisdoscomponent

approach. 14. The method as defined in claim 13, further comprisjipg_determining a true boiling
point of the iR SBRFIRIRERFECTEERYIGHHT AHSHESpEHHTRE FE8UY0-E6/BBnent construct. 15.
The method as defined in claim 14, wherein a distillation model of the corrosive species is provided,
and further comprising tracking the (cogr%{eéntr tionjo.f cqrrpsit\ﬁe species Pseueglqi-rg:o@ Danents across the
column draw off strédms. "¢ MR AR IRAIEd RS Ytined Th Elaimi  fiIRSY Comprising sensing
conditions in thetRipingmeivarkrignehdetermitingghdcomosian riskis fuithbrbasew om the sensed

conditions. ..
sensed conditions.
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