CORROSI ON ASSESSMENT METHOD AND SYSTEM CROSS- REFERENCE

TO RELATED APPLI CATI ONS [0001] This patent application
WO 2008/180804 | nuat i on-i n-part of US Patent Appli cBCT/O82008/059195

Serial No. 11/736,819, filed on April 18, 2007. The

contents of which are hereby incorporated by

ref erence. BACKGROUND TECHNI CAL FI ELD [ 0002]

Enbodi neGORROSION aSEASSMHENNMETROD ANDSYSETHMd f or

corrosi on assessnent. Enbodi ments of this invention

relate to a systemfor inplenmenting a nethod of

corrosi on assessnent. DI SCUSSI ON OF ART [ 0003]

cegrbani R Ee AU b 8 R e Ty e ot

conponent is a naphthenic acid or naphthenic acid
[089Hcur sorThiThpatpitte gpplication  aphtohamiuatigeiietpat of US Patent

ASARIHOTSH g2 S PEACRR Ao 3P BEATSLRARE SR LARLAT o i

e ol
aré BWRBY incofpordteCONteAéBEcd. €ss than 0.5% sul fur, conpared
to a higher level of sulfur in sour crude oil. Sweet

crude oil may contain a snall anmount of hydrogen
BREKIGEISURMY carbon dioxide. Hi gh quality, [|ow sulfur

crude oil may be processing into gasoline and is in

hi gh demand. "Light sweet crude oil" is a nost

- af version of crude oil as it contains a

T%@@gﬁéﬁ@ﬁ#ﬁgﬁhtely | ar ge anount of these fractions

that are used to process gasoline, kerosene, and )
[0A92h- qual Embodiments| of gy inyenfipa slatecionramgthod for corrosion

asbBO B Eﬁlbéél‘iﬁ{%{}\%ls?ig%gﬁr ﬁwgiglﬁkb%u%efldt %o acgrrsgﬁ{] gl iﬁﬁl&ﬁenﬁng a

or mer capt ans e oIl contains so
methpdiof ¢aresion dssdshaeiitot al sul fide level in the oil 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 froma field that is of

AR OF 8T hg qual ity or composition. The presence

of sul fur and sul fur conpositions can affect the

corrosion potential of the crude oil. [0005] Corrosion
[0083] be prR¥vtodsvat ntayibe @abiined esorudefdilniand neyyesoatdimascoddplex

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.

[0004] Crude oil is “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 contains impurities such as hydrogen sulfide, carbon dioxide, or
mercaptans. While all crude oil contains some impurities, if the total sulfide level in
the oil 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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crude oils. Corrosion in atnospheric and vacuum
distillation units at tenperatures greater than about
wQo®sdasgrees Cel sius may be of concern. Sone cRCT/US10081059195
may be associated with corrosive species, such as
t hose di scl osed above. Factors that contribute to the
corrosivity or corrosion potential of crude oil that
orC\@mjna'g RBaligrsrosin®siipaci B presdndd of tshEuwammbntlfuefcompositions
thenic acid pres né t he mpl ecul ar structure of
Chid ﬁPW@%?%lﬁﬁﬁﬁwgP b6c88ie ok he concentration of

[0 ﬁﬁ%]f ur  ConRPsidd S bd E)? ﬂl%?tllc %’?e{r?ll%hlllﬂ Fe)ﬁn B Eations of

acids, the velocity t ur bul enc the fl o ream
crige bﬁ&'—: Gloitosipn an dltltlhﬂ)hblﬂk end vOQOB] dhitiyaticre npiey at tgmperatures

corr att ts haye i.ncl uded bl endi ng a
e e A R et (G R in e of GHRctSR ! SGmEHogoftoR may be
asb&iatd Uaty cbRvsitaRRENEN $icRCsd tHeROtEBMosed U VeI | Factors that
neutral i zing or renoving naphthenic acid precursors
comtrdmtet tocthe pq@@lmy ar coailmﬂloas:@tmlab@ﬁr crru@@ oth thap h<i>rttia11n® gerrosive
specw 1nc u% en meuﬁtlo%rhaohthgrlﬂce: ac V\@ésden{j e rn% efular tstrucf%ge of the
Surt aces 0 nery een a enpte Yy

n ﬁdﬂeﬂlg aadagtélcﬁﬂsme the Edi‘@eﬁtlmtdﬁ of | sulflibecorslsbisttions;s the total
own so far include a phosphate conposition ) )
avg@@hlhﬁyn(pfnt@e @pldp,etgg tvemgy gp@ ﬁur@p]@g%p thg flow stream in the units,
adBLEARL Ot ri azi ne conposition. [0007] Refineries
nonitor the corrosion by placing corrosion nonitoring
[0desji ces iHighacapératuse tdstr@ughmﬂtrol lmern}ﬁﬁ ihaes inehided blending a

Unfortupately, identifying suita nlton
highis gepenis a0id cPRED GHRORY e F pwé@p@gm acid content

cradO Bl An BfraliSiRk &3 GBMBYinY &ha gflth%ﬁll% deff 51%%u1@&s'f?d&§'thé’€nfd@ %ils;

entire systenT That is, e corrosion nonitoring
andeuﬂeaﬁscommlstpnseblbaosnaﬂm@smm mhdfition ef thei tnwand-fadiry getallic

i pin twor k,. and, cannot extra Iat t hat
suPl o RS AR PR eh alEhheR B ifink ARG oy Bgpruce
oil. hehg @é{tﬁﬁ@és 16RWHOR! AP irkl Rt pKHsRﬁeh@ c§1ﬁ§6§1ﬁd>r§ c&ﬁélﬁﬁ’@ B Meast
state in non-nonitored areas 00sing an appropri ate

oneraggtaieytt, apds p@m@@tq’mznnfecqmﬂ@lt@ﬁat ic. The treatnent
[ogﬁ@ponse Ig&ynerlgg ercgnltor aﬁ'ill ablneo%losﬁu 8}1 @gcagosc%gr S\ﬁqfﬁgn%tormg

unt, frequency, and Scat16nf 6 ion

devideo rinebivioas tlguu@lamc &he tréfeleheeatlﬂifefbttuﬂiaaapon&ﬁnfm/g Bmtable
be as effectlve as is possible qgr desirable, [0008]
meRifarigrlogasionps i%@a@hw@ngea%% e 1detifieqd spats ghoudhb %la@afeﬁam@twe of

th€ RbF8SIbR TV ULhe entire system. That is, the corrosion monitoring devices
only see a small patch of arca 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 treatment 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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for naphthenic acid precursors and sul fur conpositions
corrosion factors. Wthout an adequate nodel, the
Wo 20080880Napht heni ¢ acid precursors and sul f urPCT/US2008/059195
conpositions aretreated equally - despite their actua
behavi or showi ng they do not contribute equally to
corrosi on. The necessary but inadequate presunption
trdabtt cqablly naljphiiteahtic aaaalbohavipostentisg &g douloft dontribute equally
conposi tigns have the sa corrosive tendency has led .
ot OIES Oy eagﬁ SRESSH Wt SAHGRGRRTS IRYIHEIO e $iheRRgEniC acid
b qr&fd i itid:R0QL f
R o R R R dr s T REREY HE AR v
dismet¢irodss outreagmenty amd adtioab kaken Thende omyefineries. need for a

tem bl f j [ that diff :
1098 9m t oSy SErhe § RS far & TBRMPOAE PyPesvi POBNST ey gifers
frédE B3k RIdthds[ QB3 Ay hvhilaR. SRR hdyesY a néedBt BRGstéM capable of

provi ded that includes assessing corrosion in a
aspesping gpyroupethat distershizvmnipsa spitphhlahaeworrkntlysaedablicng

can include identifying in a petroleum sanple a

presence and an anmount of a species determ ned to be
BRIBEDERSEGRIBTION r osi ve to corrodi bl e equi pnent in a

refinery. A corrosion risk presented by the presence,

the anount, and the boiling point of the species is

erm ned. r r: - - -

ORI Ot "o b ity £ 38,004 it Hhoyife ik 1By Busossing
coervbodi imentefinarymepdration hayng\ai gipthgt teé orknc AggBsing can include
..assessi.ng a cgrrosioq potential of a corraqsive species

ideiyifying;in st EURbsARn!e 2 PTeseRGeEId AN RN of aspRgiy determined

tol BRCH MRl BITHRIH Qo%ﬂfb@&%tﬁﬁﬁ&ﬁt 8 LlerRddl t WESTdsRndrisk
crude oil "containing the corrosive species to reduce

prosengldi hy rth¢ epredeaca athe osnawmt,patcemhd &biling0pdig] of rthompecics is
nbodi men a.system.i s ovi ded that. i ncl udes .a
AR o i BBt R K STaukelh' RENAET PiGipe network

infoym8ASA.Ng corrosion in a refinery operation having a
pi pi ng network. The readabl e nmedi umincl udes data that
lﬂﬂblﬁnt i fi dg one empedimghte inimstheg|ie paoyided that encludbsaassessing a
unt of cles in rude ojl.sanmpl e deternjned
cEBE Rvul PR SRSPPORVE 8 BB 8 LT BN nThe
as@esb@Emtn&cyuded héet@hOai@g S Optirdslt @amalimeSof adoitivesitoNa r érGle oil
presented by the presence, the anmount, and the baoiling
COBEHIHDE HiC QRESIYP ERGCES; 0 Eitce 9t (Painals thaeoreshedotdtiak | sk

[Ohﬁ]a pi pilﬂgo&etef?BBJﬁn{eﬂt, a system is provided that includes a readable
medium coupled to a processor capable of assessing corrosion in a refinery operation
having a piping network. The readable medium includes data that identifies in a
petroleum sample a presence and an amount 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 information.

BRIEF DESCRIPTION OF THE DRAWINGS



vi ew of piping network information. BRI EF DESCRI PTI ON
OF THE DRAW NGS[ 0013] Fig. 1 is a block diagram of an

WO Roogasesed i ve enbodi nent of a system hi gh t enpRPCHUSZ088/059195
corrosion predictive framework. [0014] Fig. 2 is a
bl ock diagram of an illustrative enbodi nent of the
corrosi on nodel. DETAI LED DESCRI PTON [ 0015]

[0BEN3jodi menfig. ofis hblscki diagriim ofi ah élladtetite embodintumd of arsystem
cOorrosi on assessnent odi ments of this invention
lgléFeéItI@r%tWea?OEf?%lP’éH’qutﬁtwrrg‘ap’éﬁ@ﬁlf| ng a method of

[09 PAI]r osi orFlgSZS ?ssastﬁ@éﬁ dlaéﬁ% anAudB6de QI%BS&IHTGII{ Haht 85ion

e" Indicate a possibility of an
lnatﬂurrence mnthln a set of circunstances; a possession
of a specified property, characteristic or function;
and/ or qualify another verb by expressing one or nore

DETABEBMEdENPTEPabi I ity, or possibility associated
mnth the qualified verb. Accordingly, usage of "nmay"

and "may be" indicates that a nodified terntis

arent | ro r|a r, suitab
RS oBBRERRS! 8 Ssc PR ol LRl Ty Byrosin

askd3b@edC CEMBbdﬁ’I{bﬁfs ¢mth$s3ﬁﬁe@trcmcwmt a@ee@stehe fdmdtlflérﬂéhtlng a
term may sonetines not be appropriate, capable, or
1ﬂ§@P@85W§““FEU@$¥$AﬁﬁrOX|natlng | anguage, as used

Eetf]e' nt h%?tﬂ&'a%‘ét n§ Nfic RAGSHhla ’?"Lﬁc?ﬂn%ﬂﬁ'e Ghalzes: o@ﬁtﬁhty of

appl i y any quantitativ represent
ant hra:iurremmd drithar missisob biycutmtéyncm thpodscssasubf a nsgectlﬁedi property,
change .in fhe ba5|é:‘/8 t|on to ich it is related.

chagaetsighingr frnction; an w PRI CED PYFTRIGINESNAOr Moy Af an

) [ | t e
ab?%ec?%%gglty’ o gggsrrgJ lllltg]sésgﬁ%{ggd vlt]‘iﬁle B%pg?%%eﬁe?ﬁg Accordingly.

ushgnofliagey ray “may be’s Fmimtﬂs@h?tt hengtifed sions quammtly approprlate
copend Tatehle”for EBABHRAES shbHy riciab i Wk diye fRfre into

accO@lt UB8t 3R doRfUbBREANthiRks NHEMAHJIfid ttiRCRa@NHRtfes not be
while still being considered free of the nodified

%ménﬁwkﬁhﬁmbkmgU$@®/Eorns "a", "an" and "the" include
[Oﬁk ral r ezggprgmtn%atl% lgéguaéeh,eascuosga i }em thrgtrlé%ug tﬁ:et ﬁ)eg%canon

erw se.
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 amounts, while still being considered free of the modified term. The

singular forms an" and "the" include plural referents unless the context clearly
dictates otherwise.

[0018] A method and system is taught for using a model to determine the
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 devices in the facility for optimal
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[0018] A nethod and systemis taught for using a nodel
to determ ne the corrosion tendency of specified
W@00B0380%® speci es used in a refinery, using tPE&r/US2008/059195
determ ned tendency to optim ze and control the
corrosion, and finally determ ning the opti nal
pl acenment of corrosion nonitoring devices in the
fatidigi loptnatibor Eopbdimedntsaof Ithé ymapet abhl@nse b ek dieivins oD thigh

t he net hod compri the prediction of gh tenperature
CRGFREET GATPYPN HiT L PSR Stgqap@dﬁ@tmﬂsp%s% Sphéis vcyng qofgmns
bal@f YN0 Wilehpasaskes %%%ﬁéobén&ﬁkﬁ{ a&{deEHyeSf)fe‘éélce of any

operating conditions and resence of
mhlrbitotsl grovtBerorcatmbrgs. tAdeatiomsly.sin ahdetnbocamant of, thie nnmmtlon an

t of ventio zation fr
T N T e AN SR oy S
cmsi@ﬁeﬁt@OBélew ansgeetfRe MedspvlidaisS pRfliddded AkvtBghehbodient
provi ded. Anot her 'enbodi ment provides for a nethod to
pragiges forraemicthedyto @pmtaneﬁn@‘yu apetagenmtin figantifying comedion hivospots
th{d%gh nshaa&(re‘t())uggm% aﬂl d\X/Sa U%IF r%%cxf lr lilllsgl ag :’]%H'vvosf for extr o]%olatlon of
coi@dkidn rhtes for 3iMe StréDAMibS bigr plogigg. profile. [ 0019] Two
famlies of species that may increase the corrosion
lﬂﬂb?lent i aI Tye familigs 0<§|Speq’@sythiahé}audécrﬁ&??htﬁlﬁéﬁl’f@ﬂ%|R§P£entlal of
S S d
or 0 o ol in SRELASIUANS acidD S S b SosiEh 3 B paphhinic
acidmeanﬁtﬂaphﬂldmleacﬁifmwmrsms Fiag.indudclHer eanpbsitbastnstures shown

dr.i ven_by chem cal kin be expressed
ingh{g. &Jgﬁﬁ%wrmsmelﬁ.d@ge% M&E?%ﬁa]olfl %A/ COMpBeY g gepressed through

an%ﬁﬁéﬂu&’sﬂerﬁléﬁ&?éﬁd &p e[tﬁ%@éact-f&‘?@g#ésfs%. cont ai ni ng

speci es y 1 nclude one or nore hydr ogen sul fi de,
[0820]c apt anTheeswfvervbataingng fpaciessudy inddydedirgudrf indes, of hydrogen

| f : d t h f.f
s BlriantBac/SBim bl U R P e Do R grol. A
diffeRRENB&IveeR ebElSsidRYaRed 59801 fhDERHIRink @ﬁe&&i &Sy Raphthenic
byproduct. A corrosion byproduct for naphthenic "acids

acj mab rben sqynt theqveheth eA@%@ﬁmsbﬁﬁOWbr otluesrropion byproduct for

- C i.nin e S NS L r
naif% # ear%:g 1"3 ion gapSth %fl WScdrfodlbn eyproc?u%% ﬁ r ?ulfur -containing

nor'e soluble in ¢rud I ron

spSﬂb§ isdesn 9&&1(& rlﬁmuiaq)hthbﬂz&e iy 1@0resal bl iy dreduisil ﬂﬁnﬁmmuaide
sulfide film which may prevent or. reduce furth

At dFesali Ba o syliide t@fﬁ%tﬂa frgsa syhderiyms whigh AAyugYent or reduce
OB SPH AR R Lk Rkt DL DRSS bl
oth@rrinslsno@m P{ttﬁl(gzmly Yffed sj?s’mﬁn sntbdrity fsqwcthz&sgenémd: torvasion.
[oﬁk’l fur” I\%’lt&l the su 1rt g];e%{es Ofac?1¥é"‘ Is{ll%?rl”eis 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.

[0022] With 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 framework comprises a number of

actions, including characterizing the corrosive species and capturing the corrosion



corrosive sulfur present in the crude oil. Simlar to
t he naphthenic acid, the true boiling point
waele@®snsdsme i on of active sulfur is used to charBCI/E81088059195
t he pseudoconponents of active sulfur. [0022] Wth
reference to Fig. 1, a prediction framework 100
determ nes corrosion risk or corrosion tendencies of a
prpédgst,i and ahitipaticke irdosiot daniges oby dptieriging werulle oil blends or
reference to partj.cul ar piping conponents). The
PrPYIHG RO RICEISHYST RABEVEs: nunber of actions, including
[0658" ACt eriid &dad b pRAHRS 102 ABEGHRSy BAdaGAPLIHUl RS 10 are
corrosi onprocess, and mtigating corrosive danmages by
use@ttd nfornng corrusien andddbl kxeds The quda iodi prypertiantcen avtluge the

addi tiyves. [0023] .The, crude oil Erggerties 102 gg%
erS@PF%@)‘mfa 5tP5HCE e AURE of gAC £PEONER FPEYSE g, the true
botlRkd AShOSE 1B dBlrodif8 spcing. crisderifély dpeRRsh ttbBSiti6Ainclude the
i nclude the presence of corrosive species, the anmount

typé andeopasatings cordid@rsc P, pwad athequipmentpsi Ithhgefpasirynt  Such
e (1)1{ l’Itl h R A {n%d %6, 2 Cioelf dis:[li-ﬁa?tior egoilﬂr%{ly. PRE E:oartré ®&h model can
R iOhs |ngFude e type and operating SOnai T 6ms

sidfilage Eee6ger@ioneatl ki Bsiineiyn e§lipmef un@érythe Stdtmined operating
eaujpnent may i nclude a crude oil distillation, colum.
COTRiloay #115k ib §OMBE e Vith AhC GORGPINE SPEFES o plicatqrEsias model can

pre@Et DEldteRAHL ﬁgﬂi%hies Wrdke v&ﬂi‘cﬁlsdcﬁlx\gfo!ﬁ R nRPEEAL O istillation
a In t .

condi ti ons, contact wth € COrrosive species
collnen.cor r osi on nodel can predict or determ ne
the variqus drawQff streans fromthe

perties of ' '
(OB 1 | acomireEnt v SUganty, o ithg disiflation galugwe. corrosive

spatibeaiPh Rk 4 Merchhs thhdeAth@h SR UMBSng COLSPR MRISRRS! G%hese
can have a differing concentration and differing

cocmsIvo $éndentientiey bk ebaradthessl worg o psondotcemgenait eppnoagh. The
be,characteri zed usi ng..a pseudo- copponent .appr,oach.

PSYd-HUBRRIST L BT RHARTOIES DRCAT iG] RePien SPEiikgEeny spurces

disiaraal @s af gl {c@i RS OMAES hadé Sirhlldreda@lr Bquid equilibrium

particul ar tenperature range have simlar vapor |iquid
prepgrtits. bPngenip poysesstaneef therftus bailipp peims of die edrrashie species, 2

co?r%isll)roinlaglgﬁgise%tdo-ocfomtgggeng Ocrorngt%ilc\f eca%pgg 'fgﬁn?d’a GiVBIl a distillation
corresp I nNg pse o-conponent construc can e

mbdulTed. cddce@patdndd S torrdstid OptciiRdicudd-bemparasntdnabe aricked
of corrosive speci es pseudo-conponents can be tracked
ackess dacscalyan deeH ssal- of f st r eans.

[0025] 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 area, 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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[0025] Piping network information includes data on the
pi pi ng network at a system |l evel and at a piping
w@oroposisme | evel . For exanpl e, piping network PCT/US2008/059195
i nformati on can include the material (s) fromwhich the
pi pi ng conponents are forned, the length of the pipe
runs, the piping dianmeter, the piping thickness, the
1 10y peheeftvdy nodalt naynpetiicpihei avgrajgo sindas in thb@ifing n&ward The flow

angl es of th i ping, the tenperatures to _which the,.
m f#‘g iy WedisutipdedalbgH st in BrFEiee nEORE-mERE §XaBRP I Torent
sulbfuP %Hﬁﬁggitigfls Lhg FROPORE VL Sin [l 'uﬁé%d@'&h@@al, directly

Pi pi ng network I nformation”108, i ncl udi
impaptfingthe abdaomsthantic peoypekt i es, is gathered to form

information on the.rel eyan i pi net wor. k . .
10REH T gur abrsRe e be At s Mgt ir s epputational fuid
dyP@RMiQSh¥&] S ABE i BB rmBRAC frofNBe ¥B&Ssibh abdbrin®ig alibhd¥ed flow

dynami cs in the piping network. The piping network

mpgdl orlfeisi fodh 1atadhe verresen geadsh 1D deprefbetethaionapsion rafce The

cORloROR RS 1ibg§i(s) i f1r|e(?1c 'oqlogl? ltl%‘elo'rti-crllﬂgr Eolr%)o\/\s/ivréosd eelc'egmt éflﬁh as for
pregléP e aver&be shear i PHE pi prng het wWor k> teé

exbhpWé AothedenitByci®hadiseifurlt fenpdeiihnkz@dhshesh folind Bt the more

. piping network. For exanple, different sulfur )

in Bl Proyidednithg mogss aequratey thaampidaly  Spme ipformatien cagpidered

vl di | [ t] t - it hin.the

uskRITON s DRSS o' DTS byl AR Wl MibiddGippludes the

napbthehici &id comueptratadn, ahakuf tenipdradymathecspanathel tempheture, and
i nformation fron]tre.corr si on nodel and the advanced

MRss SRCHERTRTIY defai Bcriding mobrcplie sEBstHEs i IO AYERon fage gy be

ushl el Gt sdddgd GRIrT S L@h J@EE:emm%irﬁéHtr&sﬂf_%npﬂB@é’s%! WAS $s the

its prediction on the particular corrosive species,
opginukatas fldr exanpl e napht henic acid and sul fur

ositians, .It has been found that the nore .. . .
OB RTer et 1 55 3 oS o ERBoRGHEY ab dppuiop b s various
coatyBRentd f omat TRk Gengbhetehfth Usabsibn i Moddli SoFRERSS reactions
but in no neans intending to be [imting, includes the
oogapinghenibelkadld, censtient ogeurong athe kawndanppeeat2Qf e reactions

he. i : v d
o AT PR AR B 200 RS SRS IES e gy

subaceIS@sl The balksesdiods tdq@ire Gipusd Bpmodistdmtientae dbfesidn afodels,
. the praocess, which is the optimzation 114. [0027]
ingluging3the| peigentapbsthancasiasysi refriaby 8T CormpLs oenbeent of

S B S RADE ol TR ot 90 B,
the naphthenic acid decomposition, and the decomposition of the sulfur compositions.
[0028] The boundary layer reaction is based on with the mass transport across
the boundary layer, or hydrodynamic film, which is relative to the advanced flow
model, or the computational 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 sulfide film, and is also relative to the wall shear that acts upon it,

which is a function of the rate at which the sulfur 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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occurring in bulk 202, reactions occurring at a

boundary | ayer 204, reactions occurring at or
wapwensises h a sulfide film 206 and the reacti oPGI/US2008/059195

occurring at a nmetal surface 206. The bul k reacti ons

require inputs fromdistillation or corrosion nodels,

i ncl udi ng the percent of the corrosive materials, for
suéfkdrnip r@notddelupes mﬂtsh@efr retht becknessaefi the siitfiere pedreans, a film

of sul OSi t he napht heni c aci d
Orrlé&‘éﬁe% B awnp ABAtiehEh SAGF drogetheriigsvelpehy, theddm gets
tob S gAY f%lcssltey f18d RGB! A 1€ QBRESLA HRAOSTRi{ BOAH related

he boun ary layer tion Is based on wt e nass
‘mﬁh®m®poﬁﬂihnvosaanEmbmuhﬂmdyWhayesnmdnbhydrodynanic
m whigh is relative tq the advan ow .nod or .

["E’i’ﬁ conput it REIP FHIEeY aﬁ?ﬁ%}?nn%&g Iﬁﬂ purfyge, ‘gjtthe piping
or"\R8dcp !t ARE En HEPANGTRE isHasc L OMa TehP RS park Bﬁ kiédfuR&tion of species

density, viscosity, shear, and veIOC|t [0029] The
cogg¢ritiagienfSpEerey fera@,trmhlonéerbwetureo and pet @ transport

ough syl fide.film e |nherent d

00317 de PR Pt ol B i ds SR R OB Frfiemsas o

de@fred hguBy!l fih d@c fontbddim@d, b Ariablck @hatihfoembord Bgh Veluked to
shear that acts upon it, which is a function of the

ontiatige Hhe WHILeHOR KBSy fllp, BoNPesior MPHts tscgorionenaad) keep it
1‘1&9 ahaécﬁ?@%de an}gg%htﬁihele%ﬂ.f Hh a\fl\iﬁ%}?ec‘ 'eﬁbé? eﬁPE fflagspthﬁze the

orm su e rate at
crudnoi éttndsie 16 asaiakd as eesntrohshd dreodrtiod klaphithemé atideand sulfur

surface i.nc eas f r layers of filmare
CORGIONEATS dhdnsric eh‘Plgh éﬁg]gg AR i tgheapelliBeithy typreand
otk B5h%hd Gk 6 blen®Ps8M4Th R SubRSfiby d dynami cs,
and the corrosion rate his is also related to the
[oaaman ce d Theomptunlzemrrp steatindndds 4 Icantdol dyspeati afshighh dethperature
30] ? | ast @ep co rises th reaﬁ$H%P at tmg .
CO lgl}‘re g GS lﬁ é)f%(feﬁ ﬁ%}ubl‘res\? é][CS FI]'I 8 FOI‘I‘OSIOH
pH@h&ﬁtahcﬁls tHaB tatm Qﬁjto Ofkcalint| #a8dst ithe PaE dANploPertiesRGl i fdfential
of species concentration, species type, reaction

treagmpids.at Tve meiries Hat allnp@mgtpe f[t@b@n]pumr dﬂl@pismnz@neuthﬁ cost of
tre ttrggntlo th'escqgaé %91 9Rd tﬁé‘ %ﬁe%{ml%?l#er SP% a%[e corrosion

esired resu I none e varla ES an

thiashsld matlr@tmeannfag liskdet e omdhﬂfﬁnz of tdheoffbsibgahhidiior. The
strategy 116, in order to mtigate the corrosion and
ONFEEFRLIN pErew R doeups cdudsy Otlﬁr@gw& @t ggequnt Ahe crude oils

av%*l&‘tﬂ@ gﬁq?é ﬂgs)rggﬂt&f;%‘ilgé Sf E&ngﬁ‘éflgﬂ sZ @% eBﬁseﬁ religﬁ;"m?ﬁé the overall

ends S to contro anount
ecoa@hichefithe aedodoibrusd uddeuwril b:lemrtsomctudmgsthe poteh‘ealcremds based
onoclillffere/r_}t {)pold{lgts eagbvge 1 as tﬂe plofc’en%lgl Ccogtnéo treatrnenet of V\ﬁ)e 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 inhibitors, 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,
labor, or downtime can be determined and can be compared to 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
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optim ze both the crude oil blends 118 and the
mtigation strategy. [0032] The optim zation step
WO p@BasI8sY a control aspect of high tenperat ur ePCT/US2008/059195
corrosion in refineries. This process requires a
physi cs based nodel of corrosion phenonmenon that takes
into account at |east the crude oil properties and
thp@irgng bakh piiegtcompbsent. TWo fureter hiterbiivad isi topaaibitehthe two, and

final ut put or . deci sion ar C of treatnent of
hayga cephatign P? m&ﬁ% o Hes1pk VEA R Jg‘ﬁﬂffﬁﬁ%ﬂ@%ﬁ of|the pipng.
[0@ﬁﬂept abl B, LREERS | RN S35 an B %@éman Hﬁjﬁécﬁwfdﬁ%on to

e addition of a corrosion Inhibitor.
sobyst 4 mizedt indeeep mosdmsaif mograhmnmg r(@/HNLLPd eprolplbm, Fakinsgnee, if
i nto account .the crude oils ava | e and
tfeﬁgp?ﬁtw@m Dhtpitops e Rty ’[0 %pgm}z? QLS E@Ml&ﬁ%deg&e
oftﬁ’&d@fﬁe FR! ihtc@8opRMhGss Qe td %ar@cﬁi&%u@hé gvARHIcCoH e8aticht and
bl ends, including the potential returns based on

b}dvafrf/@g dhe cieco @l 6aid optignswelif Ithea@lomﬁ:eofm@nll bleng @ﬁsﬂle @tailable

l\ﬁﬁ)ﬂ?mll %f "r&rf;]lbe E%gse[ oq'l tile bl s Ve sus oesecngorn],c returns on the
it Ors. K78 nate Brbodr men provi

prﬁ&m 1fobdthl emdtiify afeherafl e dagidest fbddodd, idQsBe %oﬁhfmnatlon is
treatpent, such as inhibitors, to keep. the corrosion
choagre she ABYL I pealem e o cxtiréashis aptimiged ghe cost of treatment

re@hﬁe%rt%%ﬁg%gly& pﬁs&ﬁ%ﬁ cgfr%)ﬁ&ﬁ 'feﬁé h%brﬁl?hagt%onv‘(ﬂitﬁ 'Ehe' c%st of crude

eterm ne e cost o repl acemnen
oil blehdidompparadteethe @benontiabatirn @r prdduas.i e M]Nﬂiéproblem can be

et erm ned and an be co o the caost of  the
Sogf?énffgau@  HhiPBPYI8H Shfow ﬁg?lpwa Mipd-Fe S55hgigug, or global
oﬁ"[ﬂlgatlo"fmgchtnﬁﬁlreg Ryictt ﬁ’scée%@§@al bgmawerall life of the

pi ping. This conparison w |l show whet her dosing the
[0034ide oi | Anath¢renbdiitoéntaf shevmwbatidneinnivdes & donomdrcwhioh may

t th def i ned fth : :
s R pi i e R srpSon RS hrBRab Rl ShithBy yaine Juid
dyln@me@ B HiequeB e ThiNnet®od aRe\eRr@p AREP LRI sidHra®ds for same stream
i nhibitor dosing with a defined |ifespan of the

usgigolmgr roiss] Mhetifirewer ¢ritscall decatiphe do @ipg ecassioemesidering
dev%’ceg1 g%‘hgl‘fetn:g\e/ emfo#,['[#caue m %hl_é? Iff’ow %T g%o)%r?% | q p%gt? that are not

nom- Il héar progra ng r stance,
mkélmﬁﬁﬂkmﬁnt with an inhibitor |s the chosen netric to

optim ze, is the avail abl e degree of freedom th
[opgﬂeger pFaqrttharth%s%lem% goaddifionsy| steppin %Shgmh%ameabﬁ%e fluid

AW hn {he??ﬂlﬁg ﬂ&ﬁ@ RY cgﬁwi)%ﬁh I3 ugh:%nﬁjfotl tba 155&{1 gd for various

optli on c ol ce e ol
omxminlgabd)teilmdim b NL&wvwof |diffptingri zedd el (pmiertdﬁs ting geornetric
bl ends v s .t he econ n1c reggrns on the ucts.

PAHPHCet P]tr até?lg aar\e;alilsp Pethefe praleagimym é oCptiQus can be
lobd1&d HAMBIHAARY LB 18 factors and parameters. The magnitude of the maximum

stress locations can also be determined due to fluid flow and droplet impingement in
piping components.

[0036] 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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chosen, the M NLP problem can be extended to optimnm zed
the cost of treatnent required to maintain a
w@e@sasished corrosion rate in conbinati on w t hP€HES208059195
of crude oil blend conpared to the econom c return on
products. The M NLP probl em can be sol ved through use
of popul ar and wel |l -known M NLP techni ques or gl obal
Ongzt thebe &bt gpots dahaitgueddesifel, d& gfimetieL cal @ormominged with
[003.41 Anot her enbodi nent of the invention includes a
APPFANES GOBTOS ORI LAV ISP st refinery operators in
hsanti fyi I,O : '
ODPRY oy RSy PRl AR LR SRR BRR B réffleRican
beextmapudnditas chomprabdtoh byatesrapantizmrtbe sdate agnllgstcdgfrom  the

shear profiles, .ldentifying critical locations to . .
R etdsTss T oinargla g tucor bl b SRR Samgopiving and
b ke HUE dbRarhicehioperticl AN ih t A tRSRGR Emé, 13t i
Va??eénot ‘takgn ilr%?lélt_ogccgunt .ng[oegg ] "For the thi rdh?iné?p?g
hygrodynamirdi e meed patiegaily, the seescondians as renfliyuthd ridagyying
delk\)flce.tcra]uel.b%ItB I ergigton[ é m%ﬁr#strgg]maal{:(f)brg%t%p ene%éutl)rgﬁl&%gjqqﬂee %rrosion rate
asisi's studied Tor vdrious operating conditions in
dueiteactah] stichienh by detetitiae®i | properties and geonetric
araneters., Correlations are used so that |ocal
i mum shbesan pgenof spsoramap el pevded i g PigEgenrfwork to
sl kil B A5 SBAEBRL AL Blfing Ao T e ¥fation
méy b dsclllagun additiona phet ta dyperngen®artosion nxkpi ng
onents. [0036] Thjs. .infor mati on Cancg_be i nt egrgqt ed
10§73 addi TholRarecir FPRRAMERS arnEiugrthg Yuemedt! (e Aafwes of
tht ShveARHE EThd APeRfe ALY ifeRicd th 81aGR LRV MRioBRE Tr&Rily as
tenperature of the crude oils and the piping, and
it metyahdvgr bgenofoncéiged yad d¢hg camples boreirhateseded esd dhustrative of

ates gt .specified | ocatio can. be det erm ned. .
sclplefpdiogthei P gondtii Bha PRF S EHELEh Sy Snapiinghe the
apFJQnd‘e@rdléiﬁis Qs n@ tolRAiKAd B HRMENBRE oFTRRASpIcS ANLIRA to illustrate

ocat ed. Once these hot spots have been identified, the

feptards o theepresa iyentiemi PWoweesdnasiessarya pmzophavatece svprdisiothose
E! u?%‘e" §t°31 SLQ-‘%%Q% ﬁhé‘ﬁé' SANEQUS Y s G9 rbreg&lipoe@ted that

rah @S ik g '8
rates cat "ot her plraces W n"the réfinery can be
vasatibngathtsd ahpyeill pligdbicthessdlyesewt & ppetitibhorthatihg ordinary
data collected fromthe nonjtori n%&devi‘ces. Thi s

skall i Bis srtagndonhare nebplaady dgdisgted 4o Hiy Rubdcshate %ri&ﬁﬁ@s should
wiid 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 contemplated 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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varying the fluid dynam cs properties along the

pi ping. At the sane tine, by mappi ng hydrodynam cs, or
WOor0os/1pm0e i cul arly, the stress conditions as SPENURYN08/059195

t he neasuring device can be tuned to the nainstream

and better neasurenent of the corrosion rate due to

actual stream can be determ ned. [0038] Also, an array
CbAIMSEnsors may be provided in the piping network to

supply informati on about conditions in the piping

networ k. This sensor information nmay be used as an

addi t.i op@abthbasdotnprRinget er m ne corrosion risk. [0039]

The foregoi ng enbodi nents_are illustrative of sone of

t he 458Q8piEeSOBPSIAThAN| Ay &ftNcHN . OPFRBIOAp haYidgda cPiRings ngkeork,
a%@ﬁg ed to claimthe invention as broadly as it may

ve IBéen concei ved and the exanpl es herein presented

are il usidemtfying of a getroRiuad sanplodd pesRtscel fmimaa amount of a

mani fol d of all possible enbodi nents. Accordingly, the

appeaess rtaimEcs te bygrotensiafe corrppivedo sgrrodiblecpiimaensin 2

exanpkgsvulid i zed to illustrate features of the

present fhnvention. Wiere necessary, ranges have been

suppl i ed, ddtdros@ng anges sameriskn ptesgited bpfthalptessnde; tlengesunt,

there between. It is to be expected that variations in

t hestdyt %B@EH%PP¥HQ€@§§@?“?h elves to a practitioner

havi ng ordianatifg &l dotrobiBn HR iV ibwaIT i MAE L E&WRRL inBdrhRAGY.

dedi cated to the public, those variations should where

possi bl e be construed to be covered by the appended

cl ai It J,s,al so.ant.icipated.that advances  in .

sci encBhaiatpddnSErEgyn R [aiher T BN A Bk g portion of a
distuBsibh tolub@ns possi bl e that are not now cont enpl at ed

by reason of the inprecision of |anguage and these

vari ations should al so be construed where possible to

be cpv %S%QMO& Q? dBRRS nlqleaal% 3| %‘e%iﬁa‘ltﬂ\ésco’lﬁosﬁnnﬁgw%dfuﬁher

conpri sing: assessing corrosioh In a refinery
basgks@piopertieauf digwaofPstpdang of eiaistk]ation @Plunsi. Ng:

identifying in a petrol eum sanple a presence and an

anount of a species deternined to be potentially

COr rOSTHEMbRoE 26 HAGHAIif R 1PWRBid fhe 3pdctds BffpYise Alhthenic

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 1, wherein assessing corrosion further
comprises:
determining pseudo-components of naphthenic acid and active sulfur;

introducing the pseudo-components to an advanced flow model;
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determning a corrosion risk presented by the
presence, the anount, and the boiling point of the
WG p@si1as99 and eval uating the corrosion risk i nP@I/E82008/059195
pi ping network information. 2. The nethod as defi ned
in claiml, wherein piping network is a portion of a
distillation colum. 3. The nethod as defined in claim
2, whistreduirigtie pipingositworkrihfkmiasorf torthé edvapasedowmodel; and
properties. of draw of f_streans, of the distillation i
ol Urrodicingn itoERAgn Hamde] HEansd Py meqel iR e porrosion
mbiig speci es conprise naphthenic acid or derivatives
thereof. 5. The nmethod as defined in claim1l, wherein
the species conprise one or nore sul fur conpositions.
6. The_nethod as defined in claim5, wherein.the
sul fr TRoHBESH B SRdgmSiAEd - BHINCH OB ang PRy g eRend of
twoWrithdl cruiBloflaipbs 16 HRATBN thdttigstbl bf Miminatd thé 8&rosion risk.
di sul fide, polysulfide, or throphenol. 7. The nethod
as defined in claim11, wherein assessing corrosion
furthey, conpri.ses. . det.er m. ni seudo- conponent.s_of, .
napht hAT Roder 45 Artedr et MR P PRiE Ry Tomerd vsing a
mpee ey abhoneM Sograman advanced fl ow nodel ;
I ntroduci ng the piping network information to the
advanced fl ow nodel; and introducing information from
t he van LAt CONRT @S 8 -
ot o as o TRa (R kAR AERT, PR CRRlsingidellifing
loogrionsriz the@igny hetmariothat we rolativey encre wakeetilile sacgrtdntbased
reduce, mtigate or elimpate the corrosion risk. 9.
onrfie CRERHRITIHSATSLT PREACHYPTE IHPFAEO her of n opti ni zi ng
is perforned using a m xed integer non-linear program
10. The nmethod as defined in claim1, further
conpkli. si nghe deethdd v nipfinod an iddnm 10, whercpi plengfymeg Worakions

that are relativ nore susceptible to.corrosipon .
cHR g SHRAD Tl PO Y RGBT R G HIGE WoiErE Information
anldRfaBfii@tHeOMuid 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 method as defined in claim 1, wherein corrosive species in 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 determining a true

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

component construct.
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11. The nethod as defined in claim10, wherein

identifying | ocations conprises extrapol ation of a
W@00B03180%® range using the piping network i nfoPCEUB2908/059195

and varying the fluid dynam cs properties of a nodel

relative to location in the piping network. 12. The

nmet hod as defined in claim1l, wherein the corrosion

ri skid. sThasethanasodefined iniamof4, maeedih andistilttion rmodl iofi the

bul k, reactions occurrjng at a bqoundary | ayer, ,
COF@é’EFiSBﬁ%I%@cPfPﬂdﬁé’ aid BitthGh Q@RS THOSOE {heEoRseptption of

. . i.on [ %ﬁﬂﬁ§
Cozﬁrglfvggge&%gﬁgﬁr(ﬁﬁe&neé hg{éltrs gglg’s ef F%glél In C?g)iffrgﬁae,%l\ﬁher ein
corrosive species in different draw off streans of
distjllation,cqlums have a differing concentration ...
ana 1 1 Tt Piofar dBEnoB It dhigb b Bh O R RT oY fepagonditions
inUsik NEpife RREMOIR: GRIMRICRERAIRP RIOFosiokrisk e flfteh ®dsc@Son the
defined in claim 13, further conprising determ ning a

sepgadecobditionfig poi nt of the identified corrosive species
to forma correspondi ng pseudoconponent construct. 15.
The nethod as defined in claim14, wherein a

di sti7. | atyeemeagiristfg: t he corrosive species is
provi ded, and further conprising tracking the o
conceifeddils Bredom egmikioepepesepieeapphle i @seoib ARFSion in a

. g ans. 16. The nethod as
reﬁié%r?%@gfapﬁn g%&%l %;Q fﬂﬁﬁ%ﬁﬁﬁgﬁ%{éﬁprl si ng sensing
condht ireadabienmbianpinegiudgs nietanbink jdeatificdat erputioicaen sdreple a
corrosiqQon risk is further based é)]g thf sense
APt &

PIESSRES (fnd ampunia of A SBERICS Bhr FRIFRLI 4aMg dgﬁtmjénined to be
plEHiaHTC GO ER dofoBibl QEESHAH: if RRARIcH;; Ahd assessi ng

corrosion in a refinery operation having a piping
net wbe kyroemsbrt daenmenckabl @rroswinurnsk podsaaded Watle pteaence, the

identifies.in.a petroleum sanple a esence and .an .
oo Podstec PRt P WG 1 ELRIRIRESPBPRPR ik to o
pipRg etk aticd dOpisiRE heSlovieinf@nt@ibhodi bl e equi pment in

a refinery; and the processor determ nes a corrosion

risk presented by the presence, the anopunt, and the

boi | 1419 1! srgrts‘i(e%{ 2 Qi%ﬁfci&{s 0l %f‘a;imap'}j, v%l\{e%lei%aﬁlgsprgge sor is further
corrosion riI's 0O a

capable of evaluating an advanced flow model based on information about pseudo-

components of naphthenic acid and active sulfur; the network information; and

species-specific corrosion model.

19. The system as defined in claim 17, wherein the processor responds to the
corrosion risk by controlling the optimization of a blend of two or more crude oil
samples in the piping network to reduce, mitigate or eliminate the corrosion risk to the

corrodible equipment.

20. The system as defined in claim 17, wherein the processor responds to the
corrosion risk by adding a corrosion inhibitor to crude oil samples in the piping
network to reduce, mitigate or climinate the corrosion risk to the corrodible

equipment.
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pi ping network in view of piping network information.

18. The system as defined in claim17, wherein the
wee@sadser is further capabl e of eval uati ng anPEHUs2008059195
fl ow nodel based on information about pseudoconponents

of napht henic acid and active sul fur; the network

i nformati on; and speci es-specific corrosion nodel. 19.

The Xly A enatlas], dehprigag:i n cl aim 17, wherein the

processor, responds to th orrosi.on risk by

cont rigPPIRG *AECYRT Pﬂiie%%% gﬁ CTLOS]V & PREGHFS b aﬁ’%%’fletﬁ‘ﬁlﬂ%m a
]fﬁﬁ&? Rl | sanples in the piping network to reduce,

gate or elimnate the corrosion risk to the
corraﬁkmmﬁnmgumpnahmnmmﬁm dheddyisteho as cadti akdontaining the

claim17, in t rocessor res ?Iﬁ% to the

coBh ESPGIPD SR} LT R GOSN bi tor t o
crude oil sanples in the pi pi ng network to reduce,
mtigate or elimnate the corrosion risk to the
corrodi bl e equi prent. 21. A nethod, conprising:
assessing a corrosion potential of a corrosive species
in a piping network in a refinery; and deternining
optimal anobunts of additives to a crude oil containing
the corrosive species to reduce or elimnate the
corrosive potential.
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