METHOD FOR MODI FI CATI ON OF A SYNTHETI CALLY GENERATED ASSAY USI NG
MEASURED WHOLE CRUDE PROPERTI ES BACKGROUND OF THE | NVENTI ON

[0001] The presgBhodsigisggat i on relates to nodifying a synt het| ca cﬁ
generated assay. In particular, the nodification is donE BP0 4°
whol e crude properti es. [00021Wthi n the petrochem cal |ndustry,
there are many instances where a very detailed analysis of a process
feed or distillation product is needed for the purpose of making -
busi ness deci smmmhmmmMMbF%ﬁQ@Hﬁf_dw%ﬁ%@TO“S
and certifying products, Such a detalled analysl ed to
as an assay, a wet28PQdeUSING MEASURE hE CRIADE PROPERATRS €. Si nce
a detailed assay is both costly and time consuming to perform it is

desirabl e to BATEGROUNDAIRTEHRVIDEADROY that can provide the
information of the detailed analysis Inexpensively and in a tinely

fashi on. Techooeyes stehréntiiRmboh AT\ ﬁﬂ)dWBg a 's%théﬂc?h}j%eﬁeﬁﬁg nhear

and md infrared ?pectroscopy can provide inforfration o
degrees of detssavt It particyar, hezapdificatign fsfloge by neing whele hl‘uanIOthss

i nformation can then be used to synthesis an estinmate of the detailed
assay, the VilPO@AI Aﬂ@n@@mpﬁmcdmmﬂmﬁembmaﬁyﬁﬂiaﬁ&dsmre@ t he

vari ous assay, i usi n rtua sa hesi s

t echni ques can p}{/ge?%{e?(?%s er a Pﬁ?"%fg feeg ﬁ’é?]:l%ano‘i@%és %ﬁ?@%‘%’?@

anal yti cal temlrpusquéme]qngd)ymdes'sdec@mrﬁmﬁmg;leoﬁ&onling&lndeﬁ s wel |
o004 are. us el RET BRI ERE Piodin POy A S R SVRU S SO @ r ange
| R spect r oscopiagassay,c wenstdd dllastay tothizlone bbeaifictexRBle. 0Bt B4MleaS OF
"ot or mat 1 on' GREYaR PP AorBT S P SSaR TOF Boki R B Acseblet B do not
directly measurrogsefbipdolpgy tasandBoVity 86 ifeimayibn 8ithe BétailkAahipgs poi nt
nor are they .sensi t'elgawg trac%igl evel 20061078688PCT/ 0200 /001689

- 2 - el ement 3P fashiop; Te euTh By thpsedevolying o |

speci es (e. g.NMR; UARtvixitd) andﬁHl@&ldehmﬁﬂfxﬁé@speB&&dbﬁdaﬁ&}ﬁwﬂe the |evel
of these propefties, %em?nt or cg&g gnds can be | ess _accurate and
is sinply a FIoEpRAR ‘W"r"’é@ atl; expansiyelyang e iraely dashioner ence

material s userhid PfdrRiatibn tAEthePBCised 1AMl N cskif¥tc BT W HeBEled assay,
properties. ;;E Yrga‘agrence materials used to generate the blend al so
det er mi ne t he®@ Saé’f the blend. If the blend is conprised of
materials which are very simlar to the target material being

anal yzed, bad@803n si¥He quelityed thegredidtions bfthe vaiouf essaypmpértiesmade

physi cal |ocgf < RARLANES .
sufficient to rr%rh? t he reqw %@Hauggﬁgé%&%gj ec ag{’/%m%ﬁ)%er if the

bl end i s conpirhgivd of thenspeefic ahalytioahtcctinique empldysd wgena’aie)tthﬁ'lﬁJeIr ent
than the t i { th edi ct th
broper 11 e conioay BT & 1R kil A0 SpccltHortalR b Bl AR Ohat T

the target materijal. [0006] Therefore, an ability to inprove_the

Virtual Assayl0ptdi c tA"® Asedn ROT S BRTER]e. AT P gRn i ROAT: Of Bid¥ePefues
woul d be extr s. The
current i nvenlﬁr%lral&%drégén %gdsreginglﬁﬁggd ﬁh@%g@ a%ﬁgﬁ.ﬁgg dg%%d%ﬁ%l&%?r ent

state of the fmpetioasl gremﬁc tTdys thesq #Pectrqsmmman ermddnenfgmonan 0¢r§11mot

limted to a

near md inf P@r’% spec @g@gopg‘ &“g&n%#\éég?t%y‘@i’%%ﬁé ?h@#ar ed and
Raman spect r omongeadartvesight lve boiliegpoioy ek drothep sansitiss tcairmb Jeyvels of a
variety of petrochem cal streans. GM Heftje, D.E Honigs and T.B.
Hirschfeld (US 4,800,279 1/24/89) described the prediction of

physi cal properties for sinple hydrocarbon m xtures from
near-infrared (NIR) spectra using nultiple linear regression (MR).
D.A Swinkels, P.M Fredricks and P.R Gsborn applied FT-IR and



[ 0011] O her net hodol ogi es have been enployed for detail ed anal yses of
hydr ocarbons. T.R Ashe, R W Kapala and G Roussis (US 5,699, 270

12/ 16/ 97) enplwyesssasnodel s of GO/ MS data to predict q%gn '
per f ormance, perceptual and physical properties of feedlgan oga%’?fa%t
streanms fromvarious steps in |ubricat i%g oi |l manufacturing. T.R
Ashe, S.G Roussis, J.W Fedora, G - % -

(US 5,699,269 12/16/97) used PLS nodels of - GO/ MS data to predict
physi cal and gbe#fitc@lchRE 8ReNS (@SN &Res 6r Rids ﬁ%&tﬁ thod enpl oyed
separate nodels for each prope%ty pr edi 2t ed. ?%’81 I?{Fz'é&ho, J.G

Choi and H. | .™EHeRIEPSIWO 00/ 39561) descri bed an apparat us t hat
conbined a distillation unit and a spectroneter for analysis of crude

oi | s. Separ at i8085]enorfEterdfore/medictionsof thedsvel mggﬁfpeﬁﬂs,m_lﬂeg@%;t y for
each distillate cut a‘%g%lz%K Hlagefa t. and. S .M Chong claimto neasure
total boili ngtIBOHPIS AR DA &S peayr A% Pl 4 Engtiog el %}eﬂugﬁ@éﬁt ra (J.
Near | nfrar edsefoprd iof DRAMNS réferdnde MGeliA00QN ko mieh tReh QNG oMBPL

crude properties, gor properties of distji|/late cuts were predicted.
[ 0014] PROCESSURASAER prapitiess | de tefarencoymaiegialy usertfogeperatetherhilendalses (WO
01/51588) desekiiteandRicliagy bome wehAc MIFLILR € DthpRlea B REEAAL CUM

e

distillation process. R, W Karg and T. A I nksc S an . Swart

(WO 01/ 70912) VHER & YBE Smittadhy tametsaterinl knme eealyrefrastd arsirigar
bl endi ng. Nei Bl%ﬁicﬁl?Eﬁé?ﬁicﬂ@@z‘ﬁbﬂﬁﬁm@m_c%gﬁkﬂtl&aﬁ&p &ﬁb%dl&ac%ﬁﬁgy of thd
t of "su

particul ar, the methods do not descri 1e prediction fur,
aci d nunber : , Presigtism mahbeerwlicent to meet theongaredibusiness 0bitS VO b R:voy,

Vi tons s, ot Dot compiee PBOGRKES, il BIRRRbaA AT the,
describe a tdpeEriogyelddengmatliond, thon theeragiationofithepr pp@ntdsesulfivam NM
spectra. Thelsﬁ% :%&Hﬁ ﬁ%@{tﬁgk&ﬁﬁﬁv@g@%g%?g}%%g#&{\%gc bet ween t he

spectrum of t sanpl e bei'ng analy 8% ef er ence
spectra in t t abagse. Reference sanpl es whose spectra fall within
a predet erni &gﬂéjﬁl st ﬁe@f% Bﬂ?@&%?ﬂ*@ﬁ”&%ﬂ?@%@%%&?@bﬁ“@nd t he
properties ofbabdBonthkeQnilyfe:S teBhiGits Mol RSexhBReFWANABIE tPhalile
properties of the selected references. Alternatively, the spectrum of

the unknown c$Henfsioess dscisipns. Thegurreniipyention prgviges such gn impravedse| ect ed
references, agity.he properties of the unknown calculated as the
wei ght ed conbi nation of the reference sanple properties. Nonlinear

properties ar ndl Lending factars. If there e.
P e ent Hagd en%ﬁeﬁﬁﬁgﬁf@ﬁgﬂﬁgﬁ%ﬁ%%@}% & APt o
unknown, the mmetimited pramlyties technimasssinedlvidg MR VI Vigvitibie add@habase t o

i nterpol ate he yeen Btcgescr efgéeancz sanples. Wile the nethod of
Descal es, et. FOC AT B iR T R AT ‘the unknown as if it were a

bl end of the reference sanples, the blend conponents are limted to
t hose sanpl ed90#f8 havelrapdand Ramenwesirasenpiasihess baep employs fas pragessof

t he unknown, s bhge Q.g,%; i '

[ 0016] Pet robrdg%ﬁsl\ﬁisgp- VA. .g%egralé&& eés)%%?%a!le]g' thﬂlg[' ﬁgegﬁ%?ﬁ%ﬂﬁ%fmgr ude
oi | char act eF.BzHirsapfeld (US 4,800,279 _1/24/89) described the prediction of _physical

Gont b ence. 200818 Bl B b elet R RpR ke IR IbARA Lo
nunber of physingahultiple finedriresessmndMLRY.dDA. Sivinkds) PHIVEe ks aef P.Rhese
t echni ques coyl.d be us er at one or all of t data for a
synt hesi zed a@%’ﬁ? W#%cﬁlg}ﬂéﬁtaﬁgBEF%?%&%S‘PB%‘?“F&I??%‘?SS‘PH (g%)ptpiﬂﬁeati on of
t he met hodol agylysik of bdak (UG, ZH8.10/0y8Y.aM. BRenRUS r1ed7erydryd of
generating a Virtual Assay is the technique described by J. M Brown,

US Patent 6,662,116 B2, Decenber 9, 2003, "Method for Analyzing an
Unknown Material as a Blend of Known Materials Calculated so as to
Match Certain Anal ytical Data and Predicting Properties of the

Fel shy and WP. Fitzgerald



- 8 - [0022] The present invention is a nethodology for nodifying the
Virtual' Assay predicted whole crude and distributed properties
(properties aswabddafkkdson of boiling point) to obtain a, Sg“"?’&&gg ate
representation of the crude quality. The invention includes steps to
determ ne whi ch whol e crude properties_ .are critical to nmeasure for a
given target sanple, the distribution priorities that should be
foll owed, a procedure for nodifying the values and adjusting the
di stributed pdepdvdsiaasethation giediphiy erB @ lcbPodi FY ified
synt hetic ass isS in %ﬁtéri% b&l)ga%ﬂgg. [ 0023] h%ﬁ@r%lgag@fsggag\%i ch the
assay is bei ng%ﬂ)%sr’i’gf%? r OSHRAFET IRoRg Specke Analysis (GRSA) Ru@etkecr ude.
Thi s inventi odestiieslareihdd fob metiias Bionk '

& PR SR B AEE MeBem o

properties to neasure for_ the targe S 1S a

whi ch pr oper t TRESTISGPPY (18- 1414834 HH4/OR- Bl Qasbss emd DaTanguibdoribe-ent
Carget crude Sopt iRy mmi}agf’?‘% {o Bl REGrBERE B ahnels e

target crude and the processi Imtations o
sel ect ed whol &%3:-&4u6%9 BHEP). 6. Lambettand AdMaytetshEPgasERakhyUsccept ed

echhi ques. - TPt HERBTANEAS: e BelioR S SR Mo o e Bkt Shesirs
assay wor kup MiBors doen & MsMageand (k319637145 10416/ MRGSshrdl lsé AdEribes

o nt - s ot B BERALLE R b o BERa od Bheie ¢ ar get
crude sanpl e ghsflings ufing MR hod MIRaorePaptadDedst S@ﬁ:@r@mgqtjg@j@,qggt he
mensured var 208, Yo phticon 3 Bend BottReiim B caeeoa of bed  on of

boi | i ng poi ntconponejtarssimNER et MILRIIUS. 5,£28024 k199193 aad) 18 SecridR b UP

tool, a surrogat e Fssaép V\/nichnexhi bits sinmilar charactéristics to

the target crude 18 *BePOECRGONEHOT ralnes uing SR specira. SrMesssedadased
on the same cWURi&Velt digewslpreddfonbt GEAA qu¥ar %@énfforhﬁd-aisgﬁé%é*ﬁ;eﬁi | of

simlar characteristics, ibjting simlar qualifies an roperty
di stributi ons“.smﬁ]l\bisﬁf:?t@q@g«;ig 4% Dk Ct‘qfi‘éera%-ﬁ“mkgﬂﬂt ool .
The property Weish ehdRII WiseesdrR aSHhATBE BeARIAY B | dic0n the
target assay, and scal ed such that the - 8 - ov%%ﬁ&\gf%i gér“tq? val ue

mat ches t he MSRSHrEd2tdingpsinak yeassrectioneopy (B 655§, 106 2REOBLRBA i s
simlar to timesusoHaldRpas MaY. SEARRSY N iwade Biedphogy Pf Qyides an
accurate value of the whol e crude property as well as an i nproved

di stributed plesfsbeaymahodof predistingorspe wimbenand Reigetpar presrawi ch can
be used as anvgdibBehsi a,@ﬁ,@ ' ine Ir poses.
[ 0026] The st(ra%ss. of _tsﬁgﬁeﬁ_&tﬁho g‘%losisﬂjg(gr‘sé?eg%?b?#&ggn ;‘%ﬁsﬁlﬁ%}]ﬁ%e
generating a WRipAllydnycvediepaympdsls for diddiabproperties and argthmeeotor  nor e

critical progpgs 518 I rrogate assay for
each of the gl‘ré i JEﬁfyc_a u%?%g%?%%ﬁsom%g%e\e}%jéﬂ%r %’f%%oenrstogcod?%of Bt on
for each cri tihrpedipiodfimroperticalof sitdtactivgs af tasanplabeibg baeed Walklwe for

each critical ;ust.i.ng t he .proper istributigon for the
surrogat e as el cgﬁgﬁot"%’%ér?& ?lﬁlléalx%e? QPFHLBﬁ%DaBWE%‘EP?‘HFﬁp@F]WP@’&FQ@S equal
theI measur eﬁ for deyesle ﬂmﬂ?ea%ﬂ@gﬁ&d&fmﬁmbﬁaﬂtaﬁﬁﬁﬁﬁﬁ_ dn¥meeRen .
repl aci ng the_prope i stribution the synthetic assay with the
adj ust ed proﬁ%ﬁ’iaﬁgctﬁ%%ﬁ?{gﬁ fr fm%jtegph(@d?mﬁmqﬁd@% gnefffods he
net hod of t hepgerYeBiectraMBgbhOWhid ehide 61l Q%&hﬁéﬂﬂ%a@ué tic assay
for a material, rreasurlng}one or nore critical property of the

. . ) p
material, se¥thqdsgredyRiGiivoserplisatlla o srade ilsonoder heaey hydrodatmos
properties tQlu@f&ﬁ{eﬁ@mﬁcé&rﬁﬁﬁ?ﬁﬁ%ﬁe%ieﬁ&ri bution for each critical
property, calculating a material balanhced value for each critical
property, adjusting the property distribution for the surrogate assay
such that the material bal anced property val ues equal the neasured
property values for each critical property, and replacing the




-

|ndustry that variation in crude oil quality occurs. Mst in industry
sel ect 'a wet assay which is felt to be representative and typical of
the qual ity whwolasiersets be expected for the specific grageuDiessdsde
oil, and use this assay data for maki ng operations deci sions when
this grade of crude oil is being purchaged and refined. This wet
assay is assuned to represent a typical crude oil cargo sanple and is
typically referred to as a "recommended assay”. [0035]1n many

i nst ances, variat.i on rude qual i ty is | arge, the ’
r ecormended a&@gl bm{lmﬁe‘k‘&é(ﬁ?%eﬁ?{é‘fﬂiwe ]319 ﬁ@ﬂb@h@%ﬂ’@%@ﬁ and
its use may | gERI303090RACCSITAYSS RIS TS déieﬁb Qaiéunpgg%?klkél ei*t?és as

new crude grades becone avail able, there may be op uni s to
pur chase t hes &t DeRdsEom nepaintrarad spepie of blend cemenemtsklewg Iiﬂ'hRsBIdducts
instances, it zid an%m%xeaﬂces Gl ing .
assay data onacurrar ent and pot e?ldtg{egh Icaerag%helgﬁteﬁgg%ﬂ %Lst?%%ill%%ly, if a
wet assay is OPRGHRS sshas RON.HaEspinese, Pus Lombery, A. Ma‘@hemtd@.‘émtmngate
crude to repr gLy glecti

typically nadgﬁgasggﬁ%%ﬁmﬁggggﬁﬁlﬁzgfsﬁ@%m %Etﬁ ‘? "é?“dbﬁ-a Bl m ted
whol e crude nemmheheﬁnrgcesWDQuﬂeﬁemIsbgctraafpmcmf@dmﬁmﬁganmﬁzgi es have
been descri be on simlar t hat, of .t he
detail ed anal. %ﬁ;ﬁo:ﬂﬁ{e&%&%@a&%%g& E%Pl Hor e St meY oﬁlﬁgch?ﬂ?f‘]m%
descri bed abopxpenias.i Bb PaﬂrjremjaIM Bmdlreaﬁbem&dﬂhdcbfoﬁﬁﬁﬂrehﬁg gleassay

properties to . infrared s nd t 0, GC/ V\hll t hese

correl ation ng{vﬁ%pgf Oﬁ%fle%ﬂ% b B?ﬁ "PReeSSipg ¥ NE‘E)& Br ed

in a wet assaflyS 5,5@1,96236”2@9&}1 JvoWelchdré snd ArB& (wmgmm%awaﬁbﬁmgl d f
e nmethods o

be used astheb r ction of asurro ate

B. Descal es, m&@ HCWEFE%W?F%%E‘ or Abe Iedigtion of hygroesghon phigicalanchez
and S. Bages ioperfie) MR Ghebd ﬁ%BM)Jl@%&Enﬁall elﬁé%"ﬂedt(:tlﬁofe@ﬁ@,m

6, 662, 116 B2, 1 9/ 2003) ar able iicting a conplete
synthetic assHPRAERE & t@E ?E‘?é"f"i’f@’?ﬂtﬁ@e@]tw Fﬁﬁlulf%ﬂl&'fﬂepﬁ?l@ry of
FT- NI R crude fioliels BeBiilidor fath Bibpeiey & vaiirdthctdl, RAEHE ARk nepddes: fop Mat ch
the FT-NI R spectra, _and ot her key measured properties. However, the
accur acy of tP'Féawg}eé‘éi and chemi cal characterizations produced by

t hese net hods are not always conparable to that of the neasured wet
assay. [0037] W?ill}]e t hR skiFoeginnvg Sadhukizen doé M Raho (1#815,860,07% 1141/24) t he

mat ch of the t _match of not all
properties ca?f% rtsng%&g?or eg H&Fﬁ ﬁhgﬁfﬁ efue?)? {?Pgld@mgfher ef ore,
nmany criti cal comigpaionyof pufemieddtomsl @mxhdic:ﬁlﬁfeloﬂ‘ﬁﬁ@\léﬁl bymgoundd. t er nat e
anal yses ui |1 CRYBER Beecl et o br e A Re R et Wb o | ¢
can be mat henﬁhﬂmahdoylqutﬁmﬁegiﬁthhcﬁﬁenno be Bl foyeakh pHopdreab bk O
estimate crude .gual ities for any desired distillation range. For -
12 - exanpl e rcial crude assay libraries are available from

Haverly Systens Inc., and BPI Consultants Inc., both of which provide
tools for manl09dlht i n@ﬂmhme@@ddomsh@@esenmrémeém detedled Awdmys dfat a i s

e (5l 454 ARG P € ROt o

typically fi tempioymﬂmmdelweﬁms da@no pradint dhemitak geffammats, mat e t he

property for an e ir illatio t 39 esent

et on | GOVELBHCBOR MBI B SRRLRPBTRRUER TP ¢ ne
cheni cal, physgtgsah lubaie if B . ORI AdheSS.Of Re4seHET Wi, Fedoas arel |
as petrochenlca and product streans. The present invention uses the
predi ction of the blended whol e crude properties based upon the

mul tivariate anal ytical technique described by Brown or other such
techni ques that produce a conpleted assay referred to as a Virtual
Assay and further describes a nethodol ogy for nodifying predicted




Tabl e 1 Sanpl e Possi bl e Anal yses Met hod Whol e Crude APl Gavity ,
Specific Gravity and/or density ASTM 1) 287, 1)4052, 1)5002 Fe, V,
Ni, Na | CP- AF 80 zaek/emesgen ASTM D4629 Basic N trogen UGR-tAf8Sosdotbed Ur
ASTM D2622, D4294, or 1)5453 Hydrogen sulfide ASTM 1)3227 Mercaptan
Sul fur ASTM 1) 3227 Aliphatic Sulfur °5_Volunme % and Wi ght % Yields
ASTM 1) 2892 and 1) 5236

Felshy and W.P. Fitzgerald (US 5,699,269 12/16/97) used PLS models of

GC/MS data to predict physical and chemical properties of crude oils, Both

method employed separate models for each property predicted.

[6012] 1H. Cho, J.G. Choi and H.I. Chung (WO 00/39561) described an
apparatus that combined a distillation unit and a spectrometer for analysis of
crude oils, Separate chemometric models were employed for each property for
each distillate cut.

[0013] K. Hidajat and S.M. Chong claim to measure total boiling point and

: density of crude oils from NIR spectra (J. Near Infrared Spectroscopy 8, 53-59
(2000)). Neither other whole crude properties, nor properties of distillate cuts
were predicted.

[0014] PROCESS MRA by Invensys - R. W. Karg and T.A. Clinkscales
(WO 01/51588) describe a method for using NMR to control a pefrolenm
distillation process. R. W. Karg and T.A. Clinkscales and C. Swart (WO
01/70912) describe a method of using NMR to control crude blending. Neither
method provides a complete synthetic assay. In particular, the methods do not
describe the prediction of sulfur, acid numbei:, metal content or trace

components.

[0015] TOPNIR by Intertek / CalebBrett - B. Descales, D. Lambert, J.

i ILLinas, A. Martens, S. Osta, M. Sanchez and S. Bages (US 6,070,128
5/30/2000) describe a topology based method for determining properties from
NIR spectra. Their method calculates an Euclidean distance between the
spectrum of the sample being analyzed and all of the reference spectra in the
database. Reference samples whose spectra fall within a predetermined distance
of the unknown spectra are selected, and the properties of the unknown are
calculated as the average of the properties of the selected references.

Alternatively, the spectrum of the unknown can be fit as a linear combination of



imulated Distillation ASTM 1)5307 Neutralization Nunber ASTM 1) 664
Igo'trjnrJ Poi nt ASTM 1397, 1)5853 or 1)5950 Freeze Point ASTM 1) 2386

Cl oud Poi nt ASTW2PESBEE8 D5772 Reid Vapor Pressure ASTMc)B2i3s/001689
Sedi ment and Water ASTM D1796 Viscosity ASTM D445 Conradson Carben
ASTM 1) 189 or 1)4530 Salt Step 1. Sebect candidate refineries

whi ch could potentially process the target crude oil [0043] Not all

' ' | obal |l y avail abl e. Therefore a
crude oils arg l¥RLCS lréfgregces, und e properties of the unknown calculated as the

weighted combination of the reference sample properties. Nonlinear properties
are handled through blending factors. If there are insufficient references within
the predetermined distance of the unknows, the method provides a2 means of
densifying the database to interpolate between the reference samples. While the
method of Descales, ef. al, can be used to analyze the unknown as if it were a
blend of the reference samples, the blend components are limited to those
samples who have spectra nearly identical to the spectrum of the nnknown, i.e.
the nearest neighbors in the spectral space,

[0016] Petrobras NIR - A.F, Bueno described the use of NIR for crude oil
charac;teﬁzaﬁon (http://www.sbqclag.sbq.org. br/celio/pdf/Aerenton pdf,
Pittsburgh Conference 2004, paper 20600-300). Only distillation and a lmited
number of physical properties were predicted,

[0017] Various of these technigues could be used to generate some or all of
the data for a synthesized assay which is the starting point for the application of
the methodology of this invention. However, the preferred method of generating
a Virtual Assay is the technique described by J. M. Brown, US Patent 6,662,116
B2, December 9, 2003, "Method for Analyzing an Unknown Material as a Blend
of Known Materials Calculated so as to Match Certain Analytical Data and
Predicting Properties of the Unknown Based on the Calculated Blend"
(bereinafter referred to a “EM virtual assay”).

[0018] Some of these techniques either select the closest match based ona
set of predetermined criteria from a library of crude oils, or develop a blend of
materials, which match the infrared spectra, and other key measured properties
in the case of the Brown patent U.S. 6,662,116. The calculated blend of the
reference materials is then used to predict additional chemical and physical
properties of the unknown using the measured chemical and physical properties
of the reference materials and known blending relationships.



-

determ nation is first made regarding which particular refineries are
nmost li'kely to have accessibility to a given crude oil based on

geogr aphy, trawsporstoatssson opti ons WO 20061078688PCl VUSEEHE-REAAES" -
15 - and economics. In this exanple, the 2 target crudes to be .
anal yzed are O River Light and Mndo..Fhe refineries which are
potentially interested in processing this crude are Refinery A and B
due to current pricing, availability and opg{aténgTeBYelgpesbrTge key

roperties of rest, are.identjfied_in Table abl e - ude

e and o | oFPF nco kBt el b o o

Wt % Ni t " 0genprppiy GaltlesGa bR th I%’ﬁzgad &M@ﬁdeh %&%ﬁé‘dﬂ% fhedi? 800

1.32 Mondo Angal a 30.0.25 2660 ey refinery

processing i IPW@%%@E&}WWH@#W %m@mt@dcoqugot entially

processing o River Light, ]
UMIVIARYOFTHEINVENTION

[0020] The present invention is 2 method for modifying any synthetically
generated assay of 2 whole crude oil or a portion of a whole crude, such as a
condensate or resid material, by using measured crude properties. These
measured properties are used to adjust the synthesized assay values to obtain a
more accurate representation of the unknown hydrocarbon material. The
synthetically generated assay can be formulated by using a number of analytical -
techniques. These analytical techniques are typically used to either select a
surrogate crude based on closest match criteria, or to calculate a blend of
reference materials to predict chemical, physical, and performance properties for
the unknown target material. Any synthetically generated assay developed by
these techniques are referred to wherein as a Virtual Assay.

[0021] Current Limitations of these Virtual assay synthesis techniques,
either those which select a closest match or generates a blend of assays, is that
only certain properties or qualities can be selected for determining the closest
match, or for use as optimization targets when determining a blend of crude oils.
¢ However, different properties can be critical to different refineries depending

' upon their equipment configuration, availability or product specifications. So
while one refinery may be limited by total sulfur in the crude or a particular
distillate stream, another refinery may have a limitation on neutralization
number in the atmospheric resid. Therefore, different levels of accuracy for
different properties and for different refineries are expected. Not all properties
generated by a Virtual Assay are predicted with the same level of accuracy.
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tool. The assay workup tool is designed to take laboratory data and generate a
complete finished assay. At this point, assuming the values for the properties
measured for the target crude sample differ from those same properties predicted
from the Virtual Assay, the Virtual Assay values are modified to match the
measured values, and the property distribution as a function of boiling point is

adjusted accordiogly.

[0024] Using an assay workup tool, a surrogate assay, which exhibits
similar characteristics to the target crude, is selected. The ideal surrogate is an
assay based on the same crude oil grade. An alternative choice is a crude oil of
similar characteristics, exhibiting similar qualities and property distributions.
The surrogate is loaded into the assay workup tool. The property distribution of

the surrogate assay are overlaid on the target assay, and scaled such that the



APl 3 2 1 $25.00 50 Sul fur 3 2 1 $25. 00 20 FIVP231$30 00 100 Salt'
23 1 $40.00 50 N 2 3 1 $20.00 10 V 2.

WO 2006/078688 PCTIU520061001689'

-9.

averall property value matches the measured target value and the property

distribution is similar to the surrogate assay.

[0025] This methodology provides an accurate value of the whole crude
property as well as an improved distributed property characterization of the

target crude which can be used as any other crude assay for a variety of business

purposes.

[0026] The steps of the method of the present invention include generating a
synthetic assay for a material, measuring one or more critical property of the
material, selecting a surrogate assay for each of the critical properties to provide a
property distribution for each critical property, calculating a material balanced
value for each critical property, adjusting the property distribution for the
surrogate assay such that the material balanced property values equal the measured
property values for each critical property, and replacing the property distribution
of the synthetic assay with the adjusted property distribution of step (e).

[0027] The steps of the method of the present invention include generating a
synthetic assay for a material, measuring one or more critical property of the
material, selecting a surrogate assay for each of the critical properties to provide a
property distribution for each critical property, calculating a material balanced
value for each critical property, adjusting the property distribution for the
surrogate assay such that the material balanced property values equal the measured
property values for each critical property, and replacing the property distribution
of the synthetic assay with the adjusted propesty distribution of step (e).

[0028] In a preferred embodiment, the material is a crude oil, a condensate

or a resid and the synthetic assay is generated by BM Virtual Assay.,
BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 shows the sulfur distribution for Ob River Light.
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[0030] Figure 2 shows the nitrogen distribution for Ob River Light,

[0031] Figure 3 shows the Conradson Carbon Distribution for Ob River
Light,

[0032] Figure 4 shows the sulfur distribution for Mondo.

DETATL ED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0033] Within the petrochemical industry, there are many instances where a

very detailed analysis of a process feed or product is needed for the purpose of
-making business decisions for planning, controlling and optimizing operations,
- -and certifying products. The methodology used in the detailed analysis which is
typically known as 2 wet crude assay, is costly and time consuming to performm,
and is not amenable to real time analysis. A wet crude oil assay can take from

several weeks 1o several months to complete.

[0034] The recommended assay terminology is typically applied to a wet
crude oil assay that is felt to be faurly representative of current quality of a
-specific grade of crude oil. Xtis well established and a recognized fact in

industry that variation in crude ol quality ocours. Most in industry select a wet

assay which is felt to be representative and typical of the quality which might be

expected for the specific grade of crude oil, and use this assay data for making

operations decisions when this grade of crude ol is being purchased and refined.
' This wet assay is assumed to represent a typical crude oil cargo sample and is

typically referred to as a "recommended assay".

[0035] In many instances, if the varation in crude oil quality is large, the
recommended assay may not be representative of current cargoes, and ifs use
may lead to inaccurate business decisions, Additionally, as new crude grades

become available, there may be opportunities to purchase these before a wet
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assay can be undertaken. In such instances, it is desirable to an alternative -

means of estimating assay data on current and potential cargoes.

[0036] Historically, if a wet assay is unavailable, it has been customary to
select a surrogate crude to represent the grade being processed. The selection
was typically made based on known geochemical similarities, and limited whole
crude measurements. More recently, alternate methodologies have been
described that generate information similar to that of the detailed analysis in less
expensive and more timely fashion. As described above, various attempts have
been made to correlate assay properties to NMR and infrared spectra and to
GC/MS data. While these correlation methods do not calculate all of the
properties measured in a wet assay, the predicted propertics for an unknown,
crude conld be used as the basis for the selection of a smrogate. The methods of
B. Descales, D. Lambert, J. LLinas, A. Marténs, S. Osta, M. Sanchez and S.
Bages (US 6,070,128 5/30/2000) and J. M. Brown, (US Patent 6,662,116 B2,
12/9/2003) are capable.of predicting a complete synthetic assay either by
selecting the closest match in a library of FT-NIR crude oil spectra, or by
developing a blend of crudes to match the FT-MIR spectra, and other key
measured properties. However, the accuracy of the physical and chemical
characterizations produced by these methods are not always comparable to that

of the measured wet assay.

i [0037] While these techniques can be employed to optimize the match of
| the target sample to the closest match or blend, not all properties can be matched
with the same level of accuracy. Therefore, many critical property predictions

could be improved by an alternate method of developing these values.

[0038] The data derived from these analyses will typically be stored in an
electronic database where it can be mathematically manipulated in an assay

work-up tool to estimate crude gualities for any desired distillation range. For
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* . Determining which whole crude properties are critical to measure for a

_given target sample
¢ Determining distribution value priorities that should be followed
Lo * Adjusting the distributed properties accordingly
» Ensuring the final modified blended assay is in material balance.
Significant Economic Advantages Can Be Realized

[0041] The values of particular properties for a given grade of crude oil are
important for a number of reasons. Some refinery the performance of processing

units such reformers, hydrotreaters, catalytic crackers can be limited by total
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amounts of nitrogen, sulfur, Conradson carbon or metals levels in their feeds.
Therefore, not oﬁly are the whole crude properties of interest, but how those
properiies are distributed through the boiling range of the material are critical.
Whole crude sulfur may vary between less than 0.01 wi% to over 5.0 wt%.
Nitrogen content can vary between less than 1 ppm to over 8000 ppm, while
Conrad son carbon can range between O and over 15%. One might expect these
valnes to only be of significance to a refinery if they exceed the refinery's
operational envelope. However, they can also be critical if a refinery is
atteropting to purchase a feed of lower sulfur or nitrogen to balance 2 crude ofl
, they have already obtained which is higher than their operational liraits would

( | permit. As an example, a refinery may have a limit of 500 ppm sulfur in their
diesel. They may have a crude ofl which if processed alone through their
processing units would result in a diesel suflur of 650 ppm. Therefore, they
would seek to purchase a crude oil with a Jower sulfur content to blend with the
higher sulfur crude to balance the resulting sulfur levels and obtain their 500
ppm target. Therefore, sulfur levels which could vary by only a seemingly
insignificant 100 to 200 ppm in the diesel range, in actuality can have a
substantial economic impact on the refinery's operations. Crude values vary
significantly as a function of key qualities such as gravity, sulfur, neutralization
nurnber, con carbon and nitrogen as examples. Potential price differentials that
can vary between 0.25 $/B fo 0.75 $/B or more can exist between crude oils as a

v function of their seemingly similar sulfur properties. When cargoes consisting
of 500,000 barrels in a single purchase are considered, this can result in an
economic delta of $125,000 to $375,000 on a single crade purchase. When
multiple cargoes are typically purchased weekly, significant yearly economic
incentives can be realized with a more accurate representation of a crude oils'
quality distribution.
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Nltr_ogerg ASTM D4629
Basic Nitrogen UOP 269
Sulfur ASTM D2622, D4294, or 15453
Hydrogen sulfide ASTM D3227
Mercaptan Sulfur ASTM D3227
Aliphatic Sulfur .
Volume % and Weight % Yields ASTM D2892 and D5236
Simulated Distillation ASTM D5307
Neutralization Number ASTM De64
Pour Point ASTM D97, D5853 or D5950
Freeze Point ASTM D2386
Clgud Point ASTM D2500, D5772

) Reid Vapor Pressure ASTM D323

t Sediment and Water ASTM D1796
Viscosity ASTM D445
Conradson Carbon ASTM D189 or D4530
Salt

Step 1: Select candidate refineries which could potentially process the
target crude oil

[6043] Not all crude oils are typically globally available. Therefore a
determination is first made regarding which particular refineries are most likely to

have accessibility to a given crude oil based on geography, transportation options
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and economics. In this example, the 2 target crudes to be analyzed are Ob River
Light and Mondo, The refineries which are potentially interested in processing
this crude are Refinery A and B due to current pricing, availability and operating |
envelopes. The key properties of interest are identified in Table 2,

Table 2 - Crude Oils and Original Assayed Values

Grade Origin API Sulfur, Nitrogen, Con
Gravity wt% Ppm Carbon,
wi%
Ob River Russia 42 0.21 800 132
Light
Mondo Angola 30 0.25 2660 3.30
{ Step 2: Identify key refinery processing limitations

[0044] Refinery Ais interested in potentially processing Ob River Light,
however the sulfur, nitrogen and con carbon levels in the gas oil and resid
portions of the stream are processing constraints. Refinery Bis also interested in
Ob River Light and Mondo, however the sulfur content of the crude and its
distribution through the 600 degree F plus region is of critical importance.

Step 3: Identify target crude oil qualities which may generate performance
issues irrespective of any given refinery

[0045] Additionally, there are numerons properties that can have a
significant economic or operational impact on a refinery. Properties such as the
total mercury level for crude oils susceptible to mercury contamination or the
pour point for crudes which exhibit high pour point temperatures may also be of
consequence. While these qualities typically cannot be distributed, they can be
measured and the whole crude properties updated with current values for a given
representative sample. The attached example will not address this specific
situation since this is 2 simple case of the measuring the whole crude properties
and distributing them through the boiling range.
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Step 4: Identify properties to be measured for a given whole crude sample.

[0046] For Ob River Light, sulfur, nitrogen and Conrad son carbon will be
measured, while for Mondo only the sulfur will be a measured for distribution.

Distribution value priorities that should be followed

[0047] Table 3 provides the typical refinery laboratory whole crude test
capabilities, distribution selection pricrities, approximate cost of the tests and
approxirnate sample required. Even if a determination is made that all tests are
required, they could be conducted at a modest cost of between $1,000 and
$2,000 and require a modest sample size of less than 2 liters of the target crude
- oil.
Table 3
Typical Refinery Whole _Crude Test Capability

Distribution Selection Priority
Analyiical Test | Recommended Alternate Whole Crude | Approximate Matertal
Description Assay Analytic Measured Cost, USD | Bequired (ml)
Method

APl 3 2 1 $25.00 50

Sulfur 3 2 1 $25.00 20

RVP 2 3 1 $30,00 100

Salt 2 3 1 $40.00 50

Ni 2 3 1 $20.00 10

v 2 3 1 $20.00 10

Fe 2 3 1 $20.00 10

Na 2 3 1 $20.0D 10

¢ Nettralization Number 2 3 7 $30.00 20

Hes 2 3 1 $45.00 200

Mercury 2 3 1 300,00 50

Conradson Carbon 2 3 1 $35.00 25

Pour Point 2 3 1 $25.00 100

Total Nitrogen 3 2 1 $75.00 16

Mescaptan Suifur 3 2 1 $45.00 200

Viscosily @ 25C - 1 $30.00 50

Viscosily @ 40C - i $30.00 50

Viecosily @ 60C - 1 $30.00 50

Wax Content 2 3 1 $150.00 50
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[0048] The disiribution selection priority is used to guide which properties
should be used when more than one critical property is available. In all cases the :
measured value should always be selected and the target crude values should be
modified as described below fo be consistent with the whole crude measured
values. Whenever a whole crude measured value is not available, then a choice
has to be made between using the value obtained from the alternate analytical

techniques described above, or using the recommended assay value.

[0049] Depending upon the measurement reliability of the wet erude oil
assay process and the prediction accuracy of the particular analytic method
selected, a seriatim is established of which property should be used to model the
final crude oil characterization. This particular seriatim is based on the
alternative analytical methods described by J. M., Brown.

Adjusting the distributed properties accordingly

[0050] The synthesized assays for the two target crudes were generated
using the method of Brown (US Patent 6,662,116 B2, 12/9/2003). FT-MIR
spectra of the target crude samples were collected over the 5000-1000 cm™ Tange
with the samples maintained at 65° C. API Gravity'and kinematic viscosity at
40°C. were also measured. For the Mondo example, this data was analyzed
relative to a library containing data for 530 reference crudes for which wet assay
data was available. For the Ob River Light example, a larger library containing
o data for 562 crudes was used. The s'pectral data in the 4685.2 - 3450.0 cm™,
2238.0-1549.5 cm™ and 1340.3-1045.2 cm™ regions were orthogonalized to
corrections for baseline, liquid water and water vapor, concatenated to the
weighted data for linearly blendable data for API gravity and viscosity, and fit as
a linear corabination of similarly orthogonalized and concatenated data for
reference crudes using a Nonnegative Linear Least Squares algorithm,
R%is calculated as
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f1]
Aytapty and Ayvise) are the volumetrically blendable forms of API and viscosity,

and Wary and Wy, are the weighting factors for the two inspections. e and
Autirey axe the estimated blendable forms of API and viscosity calculated based on
( the Virtual Blend.

A Fit Quality, FQ, is calculated as:

FO=1-% @
The Fit Quality Ratio, FOR, is calculated as:
FQ
FOR=—=.
Q FOC 3]

FQC is a Fit Quality Cutoff. FQC is selected such that analyses with FOR < 1.0
will produce predictions of adequate precision for the intended application.
Analyses for which FOR < 1.0 are referred to as Tier 1 analyses. For the library

( used in this example, FQC value of 0.0080 was selected such the precision of
yield predictions for Tier 1 analyses is comparable to the reproducibility of the
distillation. While the methodology of this invention preferably uses the results
of Tier 1 analyses as input, Tier 2 analyses (FQR < 1.5) are also used.

[0051] For the Mondo crude sample, a Tier 1 analysis with a FOR of 0.63 is
obtained based on a blend of 15 reference crudes (Table 4). Despite the fact that
the recommended assay is one of the library reference crudes, it is not inctuded
in the Virtual Blend, probably because of its significantly higher acid content.
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6- Virtual Bl SHEE POHCEADY g Virgel @ﬁaﬁﬂﬁe‘zrwuz&)ghggc@u@matmmmn Regi:on
volume % CHAVGLCNEb ! albBeorPagintd Gude S301: AT, OB SEEL Texas

U S. A 0.6583 G PPSLAND Bass Stralt
SHALE NAPHTHAR WA Byl methodology of this invention is used to recalculate the sulfur

distribution for the Mondo target.

Table 4 « Virtual Blend for Analysis of Mondo

Grade Locatlon Region Volume
%

(‘ ’ ARUN CONDENSATE Indonesia Asia Pacific 0.6

. CANC LIMON Colombia Latin Ametica 18.7
COASTAL California U.S.A. 4.5
EAST SPAR Carnevon Basin  {Australia 3.8
LEGENDRE Carnevon Basin  |Australia 4.1
MARIMBA Angola Alfrica 2.7
MARLIM Brazit Latin America 55
MAVACOLA Angola Africa 226
PALANCA BLEND Angola Alfrica 25.0
PALANCA BLEND Angola Alfrica 9.1
QARUN Egypt Africa 2.6
SAKHALIN LIGHT Sakhalin Island  [Former Soviet Union 0.6
SAN JOAQUIN VALLEY California US.A. 1.8
SENIPAH CONDENSATE Indonesla Asia Pagific 29
WIDURI . Indonesla Asia Pacific 0.6

Table 5 - Virtual Assay Results for Mondo

Recommended [Virtual  [New Wet
Assay Assay Assay
! Crude
AP| Gravlty, 279 34.85 34.8
Viscosity at 40C/H04F, oSt 14.32 5.24 6
Sulfur, wi% 0.46 0.38 0.25
Mitrogen (wi%), wi% 0.29 0.202 0.22
CCR, wt% 6.2 3.89 3.59
Neutralization number (TAN), MG/GM 0.97, 0.28 0.4
Cut volume, %
LVN (IBP-160F) 5.61 8.1 8.83
MVN (160-250F) 6.98 9.1 8.45
HVN (250-375F) 11,17 12.55 12.8
KERQ (320-500F) 16.41 18.18 17.4
JET (860-530F) 15.61 17.32 16.29




Australia 5.1893 KAJI-SEMOGA | ndonesi a Asia Pacific 7.0745 KOVE Chad
Aftica“0.1113 LABUAN Mal aysia Asia Pacific 2.2229 LAM NARI A Ti nor Sea
Australia 11. 989kodsB7d4sVER HEAVY Russia Former Sovi et UpdQiaestdad

OSO CONDENSATE Nigeria Africa 5.8753 ROZEW E Pol and Europe 0.2968 SAN

SEBASTI AN Argenti na -20- '

DIESEL (530-650F) 11,33 12 1252
LTGO (530-700F) 15.968 18.74 16.75
LVGO (700-B0CF) 8.63 8.92 8.47
MVGO (800-800F) 7.57 7.75 8.34
HV_G_O_(SOD-1 050F) 9.52 8.51 8.04
AtmBes (650+F) 50.66 42.39 42.57
VacRes (1050+F) 20.31 12.47 13.49
[0052] For the Ob River Light crude sample, a Tier 2 fit is obtained with an

FQR of 1.48 based on a Virtual Blend of 14 reference crudes (Table 6). This
relatively poor fit indicates that the current sample is appreciably different from
all reference crudes in the library including the Ob River Heavy reference.
While the distillation yield predictions are not expected to be within the
reproducibility of the distillation process, the yield predictions are still a
significantly better estimate of composition than using the Ob River Heavy
recommended assay (Table 7). The sulfur, nitrogen and Conradson carbon
predictions from the Tier 2 fit are not adequate and must be improved using the

methodology of this invention.7

Table 6 - Virtual Blend for Analysis of Ob River Light

Grade Location Fegion Volume %
CHAMPION Brunei Asia Pacific 0.8007
EAST TEXAS SWEET Texas U.S.A 0.6583|
GIPPSLAND Bass Strait Australla 3.0704
HYDROTREATED SHALE NAPHTHA | Queensland Australia 5.1893
KAJ-SEMOGA Indonesia Asia Pacific 7.0745
KOME Chad Alfrica 01113
LABUAN Malaysia Asia Pacific 2.2229
LAMINARIA Timor Sea Australia 11.9891
OB RIVER HEAVY Russla Former Soviet Union 2.4487
0SO CONDENSATE Nigeria Africa 5.8753
ROZEWIE Poland Europe 0.2968
SAN SEBASTIAN Argentina Latin America 0.8082
SIBERIAN LIGHT Russia Former Soviet Union 55.2498
YME Norway Europe 4,2046




Latin Anerica 0.8082 SIBERI AN LI GHT Russia Forner Soviet Union
53.2498 YME Norway Europe 4.2046 -21 - Table 7 - Virtual Assay
Resul ts for CowBizmwenrskssght Recommended Assay - VirtualpcARiahhedicase. Vet
Assay Crude APl Gravity, 32.3 40.88 41.8 Viscosity at 400/1 04F,

cSt 5.18 2.82 2.06 Sulfur, wt% -1 -

Table 7 - Virtual Assay Results for Ob River Light

Recommended |Virtual New Wet
Assay Assay Assay
Crude .
AP! Gravity, 32.3 40.88 41.8 —
Viscosity at 40C/104F, ¢St 5.18 2.82 208
Sulfur, wi% 0.0945 0.3683| 0.2089
Nitrogen (wi%s), wi% 0.049 0.092 0.08
CCR, wi% 1.9 2,08 1.11
Neutralizatfon number (TAN), MG/GM 0.07 0.08 0.05
Cut volurne, %
LVN (IBP-160F) 6.45 14.02 12.76
MVN (180-250F) 7.89 12.66 12.34
HVN (250-375F) 9.71 15.24 16,33
KERO (320-500F) 18.15 19.85 21.68
JET (360-530F) 18.53 18.01% 20,13
o DIESEL (630-850F) 19,07 10.88 13.22
( LTGO (530-700F) 25.38 14.84]  17.86
LYGO (700-800F) 10,58 7.19 7.2
“MVGO (800-900F) 8.83 5.92 5,79
HVGEO {800-1050F) 7.12 6.13 5.45
AtmRes (650+F) 38.6 30.89 27.1
VacRes (1050+F) 5.76 7.68 4.02

[0053] The Virtual Assay predicted disteibutions for these properties are
modified in the following manner:

* Ineach case, a surrogate crude is selected to represent the expected shape of
the property distribution. In these examples, the recommended assay is used
as the surrogate for both Mondo and Ob River Light.

* Ideally, if it is within the capability of the assay workup tool, the property
- distribution curve for the surrogate crude is scaled up or down by a
multiplication factor. The value of the factor is adjusted so as to obtain
material balance for the property. The surrogate property distribution curve
is multiplied by the corresponding yield curve (volume % vield for
volumetric properties and weight % vyield for weight based properties such as
those in the example) and integrated to estimate the property value for the
whole sample. The scaling factor is adjusted until the estimate agrees with

the measured property.



i .08 CCFI, W%
0. 0945 0.3683 0.2089 Nitrogen (W%, wt%0.049 0.092 0.0 :
1.9 2.06 1.11 Neutralization nunber (TAN, MZ GV 0.07 0.08 0.05 Cut

- 7. 89
vol ume, % 160F) 6.45 14.02 12.76 MVN (160 ko250
12. 66 12.?34 I-N{Iglw(\ig((g}g;%g%%ﬂ 9.71 15.24 16.33 KERO (320-5

-22 -

* Alternatively, if the assay workup tool does not have this capability, it may
be necessary to use the surrogate crude assay to estimate property values for
discrete distillation cuts over the enfire boiling range. The distillation cuts
for which the property is estimated would correspond to those for which the
property is normally measured in the wet assay. The property values for
these discrete cuts are then scaled up or down by a factor, and used to
regenerate a new property distribution corve following the procedure
normally used for assay data workup. The integral of the product of the
property and yield curves is again checked against the measured whole crude
property value for the target, and the scaling factor is adjusted to achieve

( material balance,

[0054] Table 8 through 11 summarizes the various property values for Ob
River Light and Mondo as determined from the workups depicted in Figures 1
through 4. In each case, a new wet assay was done on the target crude sample as

a check on the distribution modification methodology.

Table 8- Sulfur Distribution (wt%) for Ob River Light

343°C+ | Whole

Crude
Recommended Assay 0.180 0.095
VA Predicted Agsay 0.905 0.378
Redistributed Assay 0.506 0.209
New Wet Assay 0.557 0.209

Table 9- Nitrogen Distribution (ppm) for Ob River Light
343°C + ‘Whole

Crude
Recommended Assay 1136 490
VA Predicted Assay 2541 945
Redistributed Assay 2241 800
New Wet Assay 2305 300

Table 10 Conradson Carbon Distribution (wt%) for Ob River Light

| | 343°C+ [ Whole |




18.15 19.65 21.68 JET (360-5309 19.53 18.01 20. 13 DI ESEL (530- 650F)
194 07 10.88 13.22 LTGO (530- 700F) 25.38 14.84 17.86 LVGO (700-800F) - -

10. 58 7.19 7. 2whidGidn¢R0- 900F) 8.83 5.92 5.79 HVGO (900;1050F) 7. 12
6.13 5.45 AtnRes (6504-F) 38.6 30.89 27.1 VacRes (1050+9 _

-23 -

Crude
Recommended Assay 4.25 1.90
VA Predicted Assay 5.71 132
Redistributed Assay 3.08 1L.11
New Wet Assay 349 1.11

Table 11- Sulfur (wt%) Distribution for Mondo

343°C+ ‘Whole

Crude
Recommended Assay 0.745 0.46
VA Predicted Assay 0.718 0.36
Redistributed Assay 0471 0.25
New Wet Aszay 0.459 0.25

the best representation of current quality of a crude oil grade based on previous

The recommended assay is the current assay that is considered to be

data. The VA Predicted Assay is the updated estimate based on analytical and
mathematical technignes to update a grade, in this case the methodology of
Brown. The Redistributed Assay is the VA Predicted Assay that was modified
by the techniques of this invention. The Wet Assay is a complete laboratory
analysis of the same target sample used as the basis for the VA Predicted Assay
and the Redistributed Assay that was performed to test the accuracy of this
methodology.

[0056] Tables 12 and 13 provide a summary of the change in accuracy in
predicting cut properties associated with this technique. Table 12- Per Cent
Change to Wet Assay summarizes the percentage difference between the
Recommended Assay, VA Predicted and Redistributed Assay to the actual
measured Wet Assay. Table 13- Absolute change to Wet Assay summarizes the
absolute value of the differences between the Recommended Assay, VA
Predicted and Redistributed Assay to the actual measured Wet Assay.
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(Redistributed Wet Assay) for the critical 343° C cut are significantly closer to

the new wet assay results which were directly measured. These differences

would have a material impact on crude purchase decisions and a significant

economic delta in value.

[0058]
assay is as follows:
1.

The methodology for modifying a direct blended or ¢losest match

Create the Virtual Assay (target assay) as a function of the particular

mathematical or analytic technique employed, preferably the methodology
of Brown (US Patent 6,662,116 B2, 12/9/2003), herein referred to as EM

Virinal Assay,

justed so as to
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0.209 Table 9- Nitrogen Distribution (ppn) for Ob River Light 343 C
+ Whol & Crude Reconmmended Assay 1136 490 VA Predicted Assay 2541 945

Redi stri but ed veseaygoestl 800 New Wet Assay 2305 800 Tafd@usifdenoics
Conradson Carbon Distribution (wt% for OGb River Light | 343 é f

Wiole | -
Assay 5.71

23 -

Crude Recommended A§§§y 4.25 1.90 VA Predicted

Import the values of the target assay generated by this technique into an
assay workup program. The assay workup program is typically used to
import measured laboratory data generated during the execution of a wet
crude assay, and is used to curve fit, smooth and distribute measured
properties throughout the boiling range of the crude oil. The result of the
assay workup process is a completed, material balanced assay with foll
property distributions that can then be used for business decisions as shown

in Figures 1 through 4.

Determine which crude will be used as a surrogate crude for the target
assay to provide a basis for propexty distribution, Itis recognized that
crude oils sharing similar physical and or chemical characteristics will have
their properties distributed in a similar fashion as a function of boiling
point. The best selection of a surrogate is a crude oil of the same grade,
based on an earlier wet crude oil assay. While the absolute values may
differ, crude oils sharing these characteristics will also exhibit similar
property distributions. If a wet crude oil assay is not available to be
selected as a surrogate, then selecting a crude based on similar physical,

chemical or geological family is the next best alternative.
Import the surrogate crude oil assay into the assay workup tool.

Modify the distribution of the selected property in the {arget assay (sulfur,
nitrogen and Conradson carbon in the attached figures, but this approach
works equally well for any distributed property) per the distribution
exhibited by the surrogate assay which as based on an actual measured wet

crude oil assay.

Adjust the distributed curve for the target assay to ensure the overall level
of sulfur present in the entire crude oil matches the measured value

obtained from the target crude. If possible, scale the entire distribution



1.32 Redistributed Assay 3.08 1.11 New Wet Assay 3.49 1.11 Table 11-
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( ‘ 7. Repeat the procedure for all other propesties that have been measured and
require adjustment. For the Ob River Light example provided, sulfur,
nitrogen and Conrad son carbon would be adjusted. ‘While it may be
typically expected that the same surrogate crude oil would be selected to be
used as a basis for adjusting the target assay values, different surrogate
crude oils could be selected if it is determined they better model the
particular property distribution.

Ensuring the final modified blended assay is in material balance.

8.  Care must be exercised to ensure that all properties properly material
balance. While the above process ensures the sum of the distributed
properties equals the measured whole crude value, other inter-related

properties must be checked as well.

9. Inter-related properties include, but are not limited to total sulfur and
aliphatic sulfur, nifrogen and basic nitrogen, and particular metal value
versus the total metals in the crude, It is obvious that a specialized
chemical form of sulfur or nitrogen cannot exceed the total sulfur or
nitrogen present in a crude oil. Therefore, adjustments must be made to

ensure the crude oil distributions are material balanced, Therefore, other



- 24 - Table 12- Per Cent Change to Wt Aésay Per Cent Change =
(Selected Method Val ue -Wet Assay Value) / Selected Method Val ue 343

C cut propert ywohitegsssgdecommended Assay - Wet VA Predic - ' e
Wet Redistributed Assay - Wet Sulfur - Cb River Light -g%ﬁ@wﬁ%% : .

Nitrogen - Ob River Light -103% 9% - 3% - Ob River Light 18% 39%
-13% Sul fur - Mondo 38% 56% 3% Tabl e~ %8> Absol ute Change to Wet
Assay Absol ute Change = (Sel ected Method Val ue- Wt Assay Val ue) /

\?\Z‘!{ ected Method Yabui@laddiprlpetiits sROBPES propXiRbidtsty Bﬂﬁ&éﬁ‘iﬁ’ﬁ?ﬁ%@? say -

crude to match the relationship exhibited in the surrogate crude oil.
10. Save the adjusted target crude oil values and export to the crude assay
databage for use as with other crude oil assays.

[0059] The advantage of this invention is a resulting assay, which captures
the benefifs of the faster and less expensive analytical techniques that are now
available, but still maintain the high quality and accuracy of critical values in the
assay. Providing an accurate analysis is important to feedstock selection to
ensure optimal crude oil valuation and selection. As previously explained,

( differences in sulfur, as an example, of as little as 100 to 200 ppm in the diesel

' cut, could have economic consequences of well over $250,000 per purchased

cargo. Accurately determining these values translates into a major economic

credit when purchasing crude oil in large volumes fypical of large crude carriers.

[0060] Additionally, exceeding refinery limitations for critical values has an

impact beyond proper economic valuation for purchase, A refinery may =
purchase a crude oil cargo expecting a sulfur value of 1% sulfur based on the

quick amalytic techniques described. This particular refinery may have a

limitation on feed sulfur of 1% due to refinery configuration and product

specifications. If the purchased crude oil arrives with a value of 1.5 % sulfur,

then the refinery must purchase an extremely low sulfur crude oil at an economic

premium to blend the feed sulfur levels back to a 1% target. This can result in

an economic loss or limited processing options to rundown the high sulfur

purchase. Accurate characterization of the feedstock is important from an

economic, operability and safety standpoint.
[0061] - For Figures 1 though 4, the following terminology applies.

1. Recommended Assay - current assay of a given grade which is being used

to represent the current crude quality.



VA Predicted Assay - Wet Redistributed Assay - Wt Sulfur - Oh River
Li ght -0.377 0.348 -0.051 Nitrogen - Cb River Light -1169 236 -64 CCR
- b River Li gy ddoshSesge 22 -0.41 Sul fur - Mondo 0.286 0O . 012
[[0057] These tabl es ?Iearly show t hat for every propertyrgﬁﬁ%&mgga%een
nodi fi ed by the nethodol ogy of this inyention, the redistributed
assay results (Redistributed Wt Assay?sfor the critical 343 C cut
are significantly closer to the new wet assay results which were
directly measured. These differences would have a material inpact en
crude purchas? d&# Biedivtedarithe quality thiat is proticteriprierhsprobeh identifed®] ue.

[ 0058] The nethodg%gg% Lpr nodi fying a direct blended or closest match °
assay is as foll X qi ®%ate the Virtual Assay (target assay) as a
function of the ggrl&ﬁﬁlﬁr mat hemati cal or anal ytic technique .
enpl oyed, pr et-er SEHSTIHED relhp BEBPRY GHs thekswmlts elve megsswing tae whde 116
B2, 12/9/2003), brisbibperf 8f kst ﬁlﬁﬁdi%ﬁﬁﬂgtigﬁérgﬁé%t ¥ assay c%@esf 2

| nport the values of the target assay generat I's technique
into an assays Wo am.s typically
used 1o [mport mentb B ety R Rl SR BHBRl ANy i
execution of a wen thergrefie cisguly compatabls tatherbdistritmtmdvesalyi t, snoot h and
di stribute neasured properties throughout the boiling range of the
crude oil. The result of the assay worlcup process is a conpleted,
mat eri al bal anced assay with full property distributions that can

t hen be used for business decisions as shown in Figures 1 through 4.
3( Determine which crude will be used as a surrogate crude for the
target assay to provide a basis for property distribution. It is
recogni zed that crude oils sharing simlar physical and or chem cal
characteristics will have their properties distributed in a simlar
fashion as a function of boiling point. The best selection of a
surrogate is a crude oil of the sane wade, based on an earlier wet
crude oil assay. Wiile the absolute values may differ, crude oils
sharing these characteristics will also exhibit simlar property
distributions. If a wet crude oil assay is not available to be

sel ected as a surrogate, then selecting a crude based on simlar
physi cal, chem cal or geological famly is the next best alternative.
4. Inport the surrogate crude oil assay into the assay workup tool.
5. Modify the distribution of the selected property in the target
assay (sulfur, nitrogen and Conradson carbon in the attached fi gures,
but this approach works equally well for any distributed property)
per the distribution exhibited by the surrogate assay which as based
on an actual neasured wet crude oil assay.

{
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6. Adjust the distributed curve for the target assay to ensure the
overall level of sulfur present in the entire crude oil matches the
nmeasured val ue obtained fromthe target crude. |If possible, scale the
entire distribution WD 2006/ 078688PCTf US2006/ 001689 - 26 - curve
such that the integral of the product of the distribution and yield
curves agrees with the neasured prope??y value. Alternatively, use
the curve for the surrogate crude to estinate property data for those
distillation cuts for which the property would be neasured in a wet
assay, scajaiMiese estinmated property values, refit these scaled

val ues via the normal assay workup procedure to obtain a new property
di stribution curve, and check that the integral of the product of the
property and yj ) K. the
o got Al usth fethofhy FeRhg o ity CERRMIGRRLARSRL hoBlHS e | 0

7. Repeat crudeoipoocgdtiorecf Dwhelk krude bd coppngeg:t i es t hat have been
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assay val ues, diff esetis generaiegdiethe ptapfeofaleiesmingng ah Wespsetrwe pbsetid ¢t
is determ ned they . @ . i : . i i Qytion.
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mat eri al bal ance. Wil e the above _process .ensur the sum.of the
distributed proper COBbEER TSt reatelrgdnsiiiss IR speiife o lerancedtytis
inter-related pr OpQﬁI%M%sé@ﬁﬁllé@i@n?ﬁfﬂ?&%dﬁlﬁ&idﬁ%ﬂboﬂ&fg fpbﬂft efeknehvaled
properties include, but are not |imted to total sulfur and aliphatic
sul fur, nitrogen arf§taraying Hedisgiaion yagld apafuniceen afbodlingnoinif sed
versus the total i i i : 4-al 1 zed
chem cal form of gﬁﬁﬁﬁiﬂg?nﬁﬁgfggg%%@%%%%?lﬁg%éggﬁgﬁgg%gﬁgﬁggﬁpﬁ%r or
ni trogen present i maggedragtien piclds oTtherefemnes cradgsust nent s nust be nade
to ensure the ,crude oil .distributions pre t%ﬂhal balancagd.l
Therefore, ot Hdr -MSFring giegr Mozt Gieg MR E; ¢f the g analgial,
proportionately adjsdlet@ih d kndwitsutasfehssey Bf@adhooMid &ftichhgoperties to

rel ati onship exhibited in the surrogate crude oil. 10. Save the

adj usted target crUMRVigs # PXeRPitedisEREEeH pachicaitic @roperty avhgraimgaid

dat abase for use as, Wd{ &kb&lHoRiUIRNLkHd fﬁ§) -0oi#059] The -advant age
of this invention ?g&% esuﬁ?#ﬁblassgy,ll icﬂxggﬁﬁu?es the benefits
of the faster &nd Icekslatinpensiearal balaicyd valat fareedinirggelprofpraty valrieh now
avai l abl e, but still intain th Lgh_.aual ity and accuracy of .

or it cal vl ues i n 53 o) Smbf of I Ao e pitnbrd B s D A g
inportant to fgedstadpistiseihe ptdperty UBtribsibisfr@RlcfR) suth ke tidirhaterial

val uation and sel ectjon., As previously explained, differences in

sul fur, as an exanplREmceskpraperty; afyeg egiial ﬂ@@%ﬂéurzger%sm V#ugs{Eoy steg B),
cut, could have ecqpqmiifs RGNS AREHUANYEH the HfeiE228y W tREAdjusted
pur chased carg0. Accurately detefmning these values translates into
a maj or economi ¢ crpeetiertyvdistmbysions hisséme). crude oil in large vol unes
typical of large crude carriers. [0060] Additionally, exceeding
refinery limtations for critical values has an inpact beyond proper
econom ¢ Yal uartieahethed ofldithibGRerei thelinkiewy mBteHap ik £dradeenih a @ohibasHdd |
cargo expecting a sulfur value of 1% sul fur based on the quick

anal ytic @Eﬁﬁﬂgques described. This particular refinery may have a
limtation on feed sul fur of 1% due to refinery configuration and
product specifications. If the purchased crude oil arrives with a
value of 1.5 % sulfur, then the refinery nust purchase an extrenely
| ow sul fur crude oil at an economc premiumto blend the feed sul fur
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c) selecting a known surrogate assay for each of the critical
properties to provide a property distribution for each critical
property wherein said property distribution is a function of boiling
point, d) calculating a material bal anced value for each critical
property which gives the total anmount of the critical property in
sai d unknown material, e) adjusting rHQ'property di stributions from
step ¢) such that the material bal anced property val ues equal the
nmeasured property values fromstep b), replacing the property

di stribut3ons e h&BoBWNIIAIBL | GhaSmale Witdd] properBeis SIEQEH REMBARE f¥bu
di stributions of step e). 2.The nethod of claim21 wherein the unknown

mat eri al fossigting QfdePlaravity{ Assaigan Befraleuss Ingtifugay; Slfur, RYP (Rgd Vaper

met hod ofyp Rel I y is selected fromthe
group congﬁéﬁ% b o?ﬂi\gfgfgeﬁ?g %ﬁﬁ%??%gﬂ t%bleun1lnst|tute)

Sul fur, RVP (Reid Vapor Pressure), Salt Ni, V, Fe, Na, and
neutral i zation.Nunb neIh sai d

Crit cal “Br opePtyrgodes jpe v pgre 38 it st OACLEATR 3 viher ef n
said critical property is Sulfur. 6. The met hod of claim 3 wherein

said critical property is Neutralijzation Nunmber. |
5. he method of claim 3 wherein said critical property is Sulfur.

6. The method of claim 3 wherein said critical property is Neutralization Number.



