“*# \\D 2006/ 078688 PCT/ 1152006/ 001689 -1 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 present invention relates to
nmodi fyi ng a syntwetbwabdsys generated assay. In particul ar nodi fication
i s done by using whole crude properties. [0002] Wthin thé’cgﬁjts?"%‘f’?éw cal
I ndustry, there are many instances where a very detailed analysis of a
process feed or distillation product is hléeded for the purpose of making
busi ness deci si ons, planning, controlling and optim zing operations and
certifying produ 3 ] he t as an
assay, a wet cru 0 er Mai | ed
assay i s both cost!|yASSAY USENGAMBASUR) R fepipgabl e to have
a surrogate methodol ogy that can provide the informaiion o e detail ed
anal ysi s inexpe 3 d f ashi on. Techni ques such as those
I nvol ving NWVR M d infrared spectroscopy can

provi de infor n'of varyin degreés»of detail, inexpensively and in a
tinely fashi onnﬁ}b‘%ﬁl S |WW‘=§W1{° %ﬁlodﬁyugtﬂdyst,hnmbﬂylgsnmteéstl mat e

of the detail eds ;PI Ou'ﬁﬁ“’\{h & hidRisicaf dMggﬂm %”%@éﬁw%& Assay

predictions of th S assay prope I'es m
synt hesi s techni con5|derably as a functlon of the specific
anal yti cal tecﬂh% 2&%‘%&3 indupiey, Vhate aveimanydssigncgs whetelz as t he
quality, scope gl Jﬂaﬁfs “’waﬁr th 0004] are
used. For exanpl gp vari ous ‘for m;cl:"-iaé Rggﬁm'%%’%ﬂfgﬁé‘s&iﬁd@ t%e
spect r oscopi es mnposseﬂmaﬂun@tmmewddoisbmisaﬂaﬂm%oﬂiolﬂﬂé efldprimigihg Mol ecul ar
funtctj onal ?rou S. Thuaﬁ&eﬁ% ectrosc eq@%mggg’iﬁ nf orélr_ra;#gn on ]
cert@in nolec sure suc
properties as dgqhggdi wWee bRt of)'as sla %9915&§ﬁ c &8inp detiligi tive to
trace | evel WO 2006/0 8688 PCI/US200 100%689 . Sibdi

assay is both costly and time consuming to perform, it is desirable to have a

surrogate methodology that can provide the information of the detailed analysis

inexpensively and in a timely fashion. Techniques such as those involving

NMR, UV, visible and near and mid infrared spectroscopy can provide

information of varying degrees of detail, inexpensively and in a timely fashion.

This information can then be used to synthesis an estimate of the detailed assay,

the Virtual Assay.

[0003) The quality of the predictions of the various assay properties made
using these Virtual Assay synthesis techniques can vary considerably as a

( function of the specific analytical technique employed to generate the Virtual
Assay as well as the quality, scope and specific blend of reference materials that

[0004] are used. For example, varions forms of NMR, near, or mid range
IR spectroscopies are sensitive to particular types of molecules or molecular
functional groups. Thus these spectroscopies can provide information on certain
molecules or molecular types, but they do not directly measure such properties
as molecular weight or boiling point, nor are they sensitive to trace level



‘el enments such as netals (e.g. Ni, Vor Fe) or trace |level species (e.qg.

nmer captans). [0005] Therefore, predictions of the | evel of these properties,
el efrents'or conpounds can be | ess accurate and is sinply a function of the
surrogate sel eayg9ouehrskdsgends of reference materials used Jf t he
spectra and ot hergkey,b 8%asured properties. The reference %g'{/gﬁtmg WSk ed to
generate the blend also determ ne the accuracy of the blend. If the blend
is conprised of materials which are very23‘im'lar to the target nmateri al

bei ng anal yzed, based on simlar geol ogical, cherri cal formul ations or

ohySreal | ooat | Al RN N, SRS Pl R, SV ST e 0

of materials, waeehptaisy. substantlally different than the target nmateri al
bei ng analyzed then the prediction of these properties could vary

Therefore, an dSOPIL y o eevRr pEbCiasRnb A Be el lhese rateries GRMARBET based o

{hese anal vt | Calonigoels @R 196 \othrbe ot @Bl NALAGNLIHS il 0 | bet ter

busi ness decisions. The current inventio es such an 1 fproved
abi lity. [0007]selegtedan blegﬂao%re&remqe@atemalmsede@mmahc spectm and otherdteyr e

I ncl udes but is tlca ues | n

vi sible and nearcﬂa‘ffdpkweg ﬁ&g@% g8 I§§ @geqa éﬁﬁﬁ%ﬂgfg 08]

I nfrared and Redepgimbnechié beeasy of thd Blesd. m%mmig)égﬁpﬁgg Ini&sls anal ysis
of a variety of petrochemcal streanms. G M Hieft] D.E. Honigs and T.B.

Hirschfeld (US W %W%Mﬂ@é&@@%@lbmgpﬂ@mﬁbw@nsml cal

EQ?ﬁS%FfiLFé oL MOLRaE Rl 8 DA SRABR o e iletle Mg

R ¢ Gsborn aqpbdlemoﬂ:ﬂiaﬁh&sﬁﬁdleﬁrwrme te requitedrtmsingsskidiucaises. Howdver)) to the

anal ysi s of co S 4 701, 83 0/ 20/ 87) rown (U 121, 337 6/ 9/ 92)
WO 20061078688 '68‘1%?%9’ &mé@ea%?mnﬁe@ygé% &8 ng

property and c Otﬁig‘éﬁh]hieﬁﬂl b Parkly28 MeiPthe prediction of these properties could vary
significantly from the actual levels present in the target material.

[0006] Therefore, an ability to improve the Virtual Assay prediction made
based on these analytical techniques would be extremely valuable to making
better business decisions. The current invention provides such an improved
ability.

[6007] Current state of the art as reported in the literature, includes but is
not limited to analytical techniques involving NMR, UV, visible and near mid
infrared spectroscopy. Examples include:

[0008] Infrared and Raman specitroscopies have been employed for process
analysis of a variety of petrochemical streams. G.M. Hieftje, D.E. Honigs and
T.B. Hirschfeld (US 4,800,279 1/24/89) described the prediction of physical
properties for simple hydrocarbon mixtures from near-infrared (NIR) spectra
using mnltiple linear regression (MLR). D.A. Swinkels, P.M. Fredricks and P.R.
Osborn applied FT-IR and Principal Components Regression (PCR) to the
analysis of coals (US 4,701,838 10/20/87). J. M. Brown (US 5,121,337 6/9/92)



~z usi ng spectra and Constrai ned Principal Spectra Analysis (CPSA). R dd arke
descri bes a nethod for neasuring properties of hydrocarbons using Ranman
spectroseopy (US 5,139,334 8/18/92). R H darke and D. Tang descri be a

met hod and m d- i phhadkRtkegPrar at us for determ ning hydrocar ,?@&0
properties (US 5, 2%, 6'7%07/ 6/93). D.C. Lanbert and A Mar ?’gﬂ’gg Y&%0521
and US 5490085 216/96) describe the prediction of octane nunber using MR

spectra and MR, as does S.M Maggard (U§'4, 963, 745 10/ 16/90). Maggard al so .
describes the estimation of paraffins, isoparaffins, aromatics, naphthenes

and olefins in i ' nd ML or, Parti.al Least Sgyares (PLS)
(US 5, 349, 188 8%?’3%&?%@2*‘%%@%@8@%8&%%&8% 8???‘@9*??&;1?% he spectra
of blend conpousing speatra agd SbfbtaisbdWriRclpefs focta AndlidisGERSANR. ciaRg t he

predi ction of 8%38&%8 and oxygen content of gasolines using NIR spectra.

S. Maggard and : gthod ferapeasuning propertiehofiydsecgehons using Ramazont ent  f or

1 d-di stillat ' ; .0 20/.94).. J.B. Co ,

VB, sumer - w B (OR PROSSEHIS Kl e it R 0be B g oxygen

221707 R R B ea0e e o M e LR e oW 1 and

L wese desor (USRI AN BE Ftersgid b Wretons (B 20801 rad US\apor
f ' ' : 4 . Th

D oe® 01 i J259008S 2/6/96) s ERHERHe SRAGH RS te it e RER fcBadRY - | These

met hods typically invo I near I'VI dua 'es, and are
thus not necesMHR,lay dosseS. M. Maggant @f4,063343 1G/16/80) Maghardsles désutibdsi ons  of

conposition, no for predictign of properties of sybfractions_of the sanple
bei ng anal yzed. ﬁ\?\ﬁf%a I8t aﬁﬁ“ﬁﬂwsﬁ%aﬂ‘)ﬁmg%w nGh AR § e ins apl e
vol unes, their Q&Bﬁh&fﬁsidyNHiﬂ{dmk@éﬂmﬂ_@ﬁks}f%ﬁﬁalﬂéﬂﬁl%mglﬁﬁg 188e

devel.opment and mai ntenance of an inpracticably |arge nunber of nodels. In
addi t'i on, nmany 2R0PAbdke prediction nbblend propenies from thpspectrabf blend ons where crude

crude’of 1o or ortiurSHRSime TR tha MERIUSES B fa ot Yo e oot © 1
fl uorescence. Wexydehate Atibd gt tonient P paddlinetiBing MIR spectra. S. Maggard and

W.T. Welch discuss prediction of organic sulfur content for mid-distillate fuels

using NIR spectra (US 5,348,645 9/20/94). J.B. Cooper, M.B. Sumner; W.T.

Welch and K.L. Wise describe a method for measuring oxygen and oxygenate

content of gasolines using Raman spectroscopy (US 5,596,196 2/21/97). R.R.

Biedsoe, J.B. Cooper, M.B. Sumner; W.T. Welch, B.K. Wilt and K.L. Wise

describe a method of predicting octane number and Reid vapor pressure of

gasolines using Raman spectroscopy (US 5,892,228 4/6/99). These methods

typically involve linear models for individual properties, and are thus not -

( " necessarily useful for properties that are nonlinear functions of composition, nor
for prediction of properties of subfractions of the sample being analyzed. While
they can provide rapid analyses on minimal sample volumes, their application
for detailed analyses would require the development and maintenance of an
impracticably large number of models. In addition, many of these NIR methods
operate in spectral regions where crude oil is essentially opaque. Raman
methods are typically not applicable to crude oils or other heavy hydrocarbons

due to interferences from fluorescence.



. [ 0009] Espinosa, A Mrtens, G Ventron, D.C. Lanbert and A Pasquier (EP
305090 and US 5475612 12/12/95) describe predicting physical properties of
bl ends from near-infrared spectra of blend conponents using MLR Products
and ratios of aMomoheaiges were included in an attenpt to pyEadisSosfRE! Near’
properties such as RON. A Espinosa, D.C. Lanbert, A Mrtens and G Ventron
(EP 304232 and US 5, 452, 232 4/ 25/ 90) desgai_be a nethod for predicting
properties of process products from spectra of process feeds using NIR and
MLR. Products and ratios of absorbances were again used to handl e nonljnear
properties. B.N. Perry and J.M Brown describe a nethod for inproving the

prediction of d609]nearEspinopsA.iMarting, GoventnoDaS Jianbertend A, Patdupsn | | near

descr be the " (L& 3050 saLlis sz opaiial dricrips prociing plamical prsperses
nydr ocar bon, phyTbials feiRGE biffte Whkieof UERFIRAIONS nBBK MLIRRRRNE! | ¥ D

use to predict properties t hat nonl 1 near t o conposition,
all woul d requiand ratiesof gbsosbances wemedndlsdeddn bmiattémgtao peealid npnlémpar t y t o-be

predi cted, and e _thus | ical for ay .,synthesis. [001 R.
Di Foggi o, M SM?ﬁU%W%%?‘B@%Dgg‘M /&'f@ﬂlj‘s agdacYens®na et hod
for estimating (BRBo4z32 aﬂmgfﬁ'ﬁ,@%qmﬂm&ﬁb@hrﬂbﬁdﬁbﬁgrgﬁﬁﬁﬁ nation of

infrared data and data indicative of traCe |evel conpoun Foggi o et.
al . do not tead¥oReries of prosess produstefiomrsgedtrasyfprodess feddst usingMIR afdei 1 net hod

woul d require r A i1t for each pr. rty to.be

esti mted. [0Q cﬁ?ﬁ?%ﬁ%ﬂ&‘&?sﬁ?"s \iZ: "6’5%?8%15?"'83&5“‘%%‘?“%&“&?& ed

anal yses of  hysepeetesh BN, PérRand%FE Bréw deskabeh thefiod £6r infpRovifig the( US
5,699, 27012/ 16/ 97), .. enpl oyed PLS nodels of GCIMS data to predict chem cal,

per for mance,  FeFdietion i noplieeap Ryoperties by pepdrecessng resulisdfiomdinemrmetiels st r eans
e

Lom el o0, Josmein Gulan . Sl Kt Sonl B olintig

Roussis, J. W
W P. Fitzgeral ais¢ oSN 68dna6hsl rikpwdils fof)themredicRhbof dedcartoh physical

properties. While these methods could potentially be use to predict properties
that have nonlinear relationships to composition, all would require that separate
models be built for each property to be predicted, and are thus impractical for

assay synthesis.

[0010} R. DiFoggio, M. Sadhukhan and M. Ranc (US 5,360,972 11/1/94)
describe a method for estimating physical properties of a material using a
combination of infrared data and data indicative of trace level compounds.
DiFoggio et. al. do not teach the use of infrared and inspection data, and their

( method would require separate models to be built for each property to be
estimated.

[0011] Other methodologies have been employed for detailed analyses of
hydrocarbons. T.R. Ashe, R.W. Kapala and G. Roussis (US 5,699,270 12/16/97)
employed PLS models of GC/MS data to predict chemical, performance,
perceptual and physical properties of feed and product streams from various
steps in lubricating oil manufacturing. T.R. Ashe, S.G. Roussis, J.W. Fedora, G.



. GC/ M5 data to predict physical and chem cal properties of crude oils. Both
nmet hod enpl oyed separate nodels for each property predicted. [00121 |.H.
Cho, J.G Choi and H.I. Chung (WD 00/39561) described an apparatus that
conbi ned a di st WA MPYEBB-Nit and a spectrometer for anal ysp@Eahoosdiyde Oil s.
Separate chenmonetric nodels were enployed for each property for each:
distillate cut. (0013] K H dajat and S.M_Chong claimto neasure total
boiling point and density of crude oils Trom N R spectra (J. Near Infrared
Spectroscopy 8, 53-59 (2000)). Neither other whole crude properties, nor ’
properties of Helshy dadaWeP. FitzSeraldUS ygot \ by
I nvensys - R W Igar and T.A. di nkgsgd(;:%'jaees9 ﬁ?lv%é‘g%}%S 8 esggﬁg\e a net hod
for using NMR G@Mgrﬁg@dpW%@mhwieﬂmddhmibﬂlmopwﬁesmfmwsl Boily Karg-and
T.A. dinkscal WO 01/.709 descri he met hod of using NWR
to control cru%%thg{igﬁg}oﬁgﬁg%f{tﬁﬁmﬁé?ﬁeﬁégﬁw%&@t%orrpl ete synthetic
assay. In particular, the nmethods, do not describe the prediction of-
sul fur, acid n ,  nbHaChe,diE cChoi and H.la Chung ONOD0£310561) de@bxitdd ahOPNI R by

LU

Intertek / Cal rett.- B. .Descal.es, .D. Lanbert, J. LLinas,, AL Martens, S
Osta, M Sanch%%gﬁaﬁ%tgz.’t%gﬂ’@%({és@aﬁ?ﬁwygﬁfwirgﬁ’@@ff‘Hé’EE‘WF‘BS‘fa t opol ogy
based nethod fgudeleiserSepaabcHenRRGs ASALIE Fete b b Edkh pro t hod

cal cul ates an Eucli QeaSandi stance between the © sp@g rum of tpg‘g%tgnfgﬂee bei ng
anal yzed and agachdistiilaie cibf er ence spectra in the database. Reference

sanpl es whose spectra fall within a predeterm ned distance of the unknown
spectra are sefoaesied, RHNHidal aRd ST Chéip Mim! 10 SndANGE QU 1 /ﬁﬁﬁt%gat ef' as

ernatively,

the average of the properties of the selected references.

t he ds pect r um ofensipofeméooils om MR sfpectrand. Nedrn InfraredoSpedirossopo8, S3+59\0
/

proper t1 cs of VREnk ot Lt vl e B ot GrPedRE Al B or ¢ e

reference sanpwerepiedieed.i es, Nonlinear properties

[0014] PROCESS MRA by Invensys - R. W. Karg and T.A. Clinkscales
(WO 01/51588) describe a method for using NMR to control a petrolenm
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 number; metal content or trace

components.

[0015) TOPNIR by Intertek / CalebBrett - B. Descales, D. Lambert, I.

( 1Llinas, 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



~z4 are handl ed through DI enal ng Tactors. IT there are insufficient references

within the predeterm ned di stance of the unknown, the nethod provides a
nmeahs of*' densifying the database to interpol ate between the reference
sanpl es. Wil e ty@2006Bdslagd of Descales, et al. can be usedpg&pudbilié®d t he
unknown as if it were a blend of the reference sanples, the blend :
conponents are limted to those sanples _vg'n_o have spectra nearly identical
to the spectrum of the unknown, i.e. the nearest neighbors in the spectral
space. [0016] Petrobras NIR - A F. Bueno descri bed the use of NIR for crude
oi | charact eri gaisilested Pifbnédsywne Faﬂ;é Wit rent on. pdf
, Pittsburgh Conference 2004, ap%?ﬁfd 600 300) Only ?’k | Tégt%n and a
limted nunber “eightsdyombinatipn of theirpforenae sample prvipetties.. Npfiliviedt pidpertiesis . of

cyntnos: son aecds RS BB el duP OGRS R RR e M Bliemrrbiteo e 1 ne

met hodol ogy of mbmmdemmm@ﬁsmﬂd@wuﬁrumch@@nnn@ﬁ%b&g d@&é@%%&ésefnefa“ ng
a Virtual Assay_ is, the technique described by J rown, US Pat ent

6,662,116 B2, fosidying @@dﬂ@@@%wmmqlwbewmmw&mgempMn%ﬂewm eri al

as a Blend of I tch Certain Anal ytical

Data and Pr edlfgtgélPl \ég gﬁgg{aa;% %tégg#ﬁﬁ?%s%g%%‘ﬁﬁmggg%ﬂw?ﬁ%ﬁ W%rﬁl at ed

Bl end" (herei nbléndaof the feferenck sampfles, Bl bléndl doddpoaaftfare limitddQd Blos$ome of these
t echni ques either ct. the closest match based on a set of predeterm ned

criteria from a“% a‘?’ have sperten nsarly idegfical & the spectrug) efrfhe grknovas &8 al s,
whi ch mat ch t hepi RE&R4t 6 %ggﬁtlﬁﬁm%g&r%gﬁﬁ key neasured properties in the
11 e

case of the Brown patent S. 6,66 cal cul ated bl end of the
reference nater he redl ct additional chem cal and physical
properties of td@aén O%Fq?%ﬁ'ﬁﬂ% m;Bé’ﬂ!‘P describrethe use of MR foy studg pil
properties {aEacks ]H:gﬁﬂq I onshi ps.
2006/ 078688 PCTI USfO ?ﬁ%ﬂimwgﬁ[%ﬁﬁ%&g%@e sé exl s’ﬁ’&{g t echni ques
have used di r ecPikigburgla Confetencp 2004 mapen20608-800)0 Quly distillatiom andedimitesld or

bl ended whol e crude an ph;gs'fatlpmpemeswerepredlcmd

-h

[0017] Various of these techniques 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"

( (hereinafter referred to a *EM virtual assay”).

[0018] Some of these techniques either select the closest match based on a
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.
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~# values resulting fromthe analytical tests that this invention covers.
SUWWARY OF THE | NVENTI ON [ 0020] The present invention is a nethod for
nmodi fyi ng any synthetically generated assay of a whole crude oil or a
portion of a whelo6giuggses such as a condensate or resid W@ﬁﬂi&%ﬂu@%‘“Sing
measured crude properties. These neasured properties are useg to adj ust ‘the
synt hesi zed assay values to obtain a norg accurate representation of the
unknown hydrocarbon naterial. The synthetically generated assay can be
formul ated by using a nunber of analytical techniques. These anal yti-cal
techniques are typically used to either select a surrogate crude based on

cl osest match §0019%ri a Nome of thegebastind teclmides Riveafsed BRE@ISRGR @Rt €Ti al s to
predi ct chem cal, physjcal, and perfornmance properties for the unknown

target materi aPTOPSHY valpss toadjush the,preqicted ar blendedowlioleionde apbdistputethese
techni ques are | | | . Assay. [0021] Current .
limtations of V?ﬁéﬁe&@ﬂ?éﬁg aé%@%g&éﬁ%%ﬁ?%@emei ther those which

select a closest_match or generates a blend of assays, is that only certain
properties or &M@ﬁw for determining the closest match,

or for use as optim zation targets when determining a blend of crude oils.

Ho . diff ' | fal Jifyi iy
wever, di e[ﬁm)]prOﬁﬁébi'@éntqﬂfhnﬂﬁnﬁdﬁlbﬁﬁhf&rgemlgﬁﬂésyﬁﬁgﬁ | €S

dependi ng upon their equipnent configuration, y or product
speci fi cat i ons gerssatedhasspp obmwhelstaruderail orsa/pdrtion of v whole lbpudepdueh asal fur in the

crude or a part] sty | l.at ream another refiner have a
limitation on %gﬁc{ébgz{t? %§43$1§$at%ﬁb®f“w%ﬁ§%%ﬁ?m esﬂ%%/e Ther ef or e,
di fferent | evehganiredpopetioyatetised & ddhet _ﬂiétsyﬂﬂxeﬁﬁ{dtdsﬁag valifds tPbbiakinfal er ent
refineries are expected. Not all properties generated by a Virtual Assay

ar e mr edi cted WorsagoyEate EepEeseRiplion off the paknosm hydyoarhp snagerizd.sThe

odi £ying the ST LIl Raied Map CRR top AR iy feh RplE} PPERMR '

properties (pr tgobnigiuess Theseanhiyticdlitevhniques freitypicedlynsedio)either eldcaan a nore
accurate representation.of the crude quality, The [nventjon, includes steps
to deternine mﬁ%%%wée{eﬁsa@@nﬁf%ﬁéﬁg@%%@-mm culate 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 2 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.



- critical to nmeasure for a given target sanple, the distribution priorities
that should be followed, a procedure for nodifying the values and adjusti.ng
the' distributed properties accordingly and ensuring the final nodified
synthetic assawo moéorsesmt eri al bal ance. [0023] The crude j@hysdbbsmdisdane
assay is being generated is wherein referred to as the target crude. This
invention involves first determ ning whiclg whole crude properties to
measure for the target crude. This is a flinction of which properties for
the target crude are present at sufficient levels to be critical, mhlch

f | '
refineries wouligoky prméé%ﬂtﬁn?}@n §1% ectddgﬁ&z@ﬁ‘fh%f pr(ﬁiétg% es are

limtations of these refineries. e se e Ccr

tested by the g%ﬂﬁ@ymeﬁwedaﬁmipcnmkm&ymbnwdpqueﬂpmpmdwe&mcﬁmh as :
ASTM et hods or echni ques. he ta e Virtu Assay is

t hen | oaded i ntog% ﬁﬂl ?@%ﬁﬁ%ﬂ '%6 ‘Rﬂige%‘gf’q\l Besi gned to
take | abor at Oryrhtahﬁenﬁaﬂum&ﬁaieﬁs&)de%m&&ﬁcﬁ%bﬁ&ﬁhegﬁﬁg&n ethis point,

assum ng the val ues for the properties neasured for th rget crude sanpl e

di ffer from t hositicaldpmegsusp fona eserptamﬁwede, the dmﬁxbngowpnmwas thagsay, the

Virtual Assay fie t.he alues, and the
property di strlsgbﬁﬁ%?égowhﬂﬁggﬁ%cg mmﬁm (ﬁ 'tsﬂeed

accordi ngly. [ Ofitdibutel propesies accoading9 akid Bndueial thefisdl gdgddayatmeay . Whi ch
exhibits simlar characteristics to the target crude, is selected. The

i deal surrogat eﬂs$a§1§¥¥m&f§§ﬂkbaﬂﬁl§§d on the sane crude oil grade. An
alternative choice is a crude oil of simlar characteristics, exhibiting

simlar qualitifes23nd pmmdaffoﬁwcjhlmelass@ygfsbemEgenaufeath&ein%fe%ded into
the assay workup tool. The property distribution of the surrogate assay are

overfaid on thdopatgdargs ameam@uns@im finstdeterminiag WhishoolyEe 078688
PCT/ US2006/ 00 16c§l?de eprﬁgerﬁ%setbﬁirn{,ag&fe?fh%é& a””f{hﬂtﬁg BB RMIR] t ar get

val ue and the pro ution 1s e surrogate assay,
[0025] This netproptetiesdpr meomgda&ud&mapmwﬁtaesutﬁbieﬂt levels fochewdimnical, ehivtie

refineries would be processing the target crude and the processing limitations of

these refineries. The selected whole crude properties are tested by the generally
accepted analytical testing procedures, such as ASTM methods or proprietary
techniques. The target crude Virtual Assay is then loaded into an assay workup
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

AT
‘

adjusted accordingly.

[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



property as well as an inproved distributed property characterization: of.the
target crude which can be used as any other crude assay for a variety of
busi ness purposes. [0026] The steps of the nethod of the present invention
i ncl ude gener at WR}2086/07868Ht heti c assay for a naterial, neaspfriigngbfed’ NOre
critical property of the material, selecting a surrogate assay for each.of
the critical properties to provide a prosperty distribution for each
critical property, calculating a material” bal anced value for each critical
property, adjusting the property distribution for the surrogate assay such
that the mater| d roperty

val ues for eacﬁ%ﬁ?ﬁ@gﬁ?g?%%}fey% %g%ﬁegg# gt‘%'ﬁlg aggg%j{r I stribution
of the synt het distritmtiay issimilar todhastiroptiedsgayoperty di stribution of step (e).
[ 0027] The steps of the nethod of the present invention include generating a

synt hetic assa a | d 0, e | L1 cal operty of
the nmaterial, I/osdez%ct i Eghgﬁétgﬂ% t H{'aléé‘g%%/n %gpﬁéea@eo?ﬁf‘%@hgﬁicﬁdéal .
properties to propeityes well ps apianprove distribed ipeopefto ch@actbrigatiohibEele Property,
cal cul ating a nat er%gllpvgﬁl anced value for each critical property, adjusting
the property dff8tcHgeiWhHch ¢An bersed as auypibarcrudeassaydors variaty of business er i al

bal anced propep o¥aal ues equal the measured property values for each
critical property, and replacing the property distribution of the synthetic

assay with the@%@:ste% grope&% distribution of step (e). [0028] In a
preferred embo t, dhes & method-of the presegt invenfiongp¢ludagansratiog aa resi d
and t he synt hety | . AL SCRI PTI ON
o THE D e o%%"?%ﬁ-ﬁfgﬁ?gﬁ%&%%ﬂg% gl tte ceA¥RropbiRy b =00 "L
Li gh(t . WD 2006 #awsaE SelPding IS 0igaetGyJor eath of GR2:filicalipyopeetic to paowvidd he

ni trfogen distribution. fqr OO RV Li.ght. 003 Ei gure 3 shows the

Conr adson Car bBWPHt%aPFFﬁWPPBM%%%“%?D dﬁ‘lﬂ"hﬂngﬁ@mﬁpf‘l@ﬁ‘fe@ 4 shows

the sul fur di staibpéreath &calpRfeiey, BBk e HroycRl BkDhoh 15 e PREFERRED

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 property 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 EM Virtual Assay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 shows the sulfur distribution for Ob River Light.



- [ 0033]—WH-HT—HTE =TT DT e T ey er 6 ar e nany instances where a
very detailed analysis of a process feed or product is needed for the
put pose. of maki ng business decisions for planning, controlling and -
optim zi ng oper.a ations and certifying products. The nethodal used in the
detail ed anal ysrg PRV ER08 S typically known as a wet crud®& cyggz%s 1689 costly
and tinme consumng to perform and is not anenable to real tine analysis. A
wet crude oil assay can take from severdl-weeks to several nonths to
conpl ete. [0034] The reconmmended assay termnology is typically applied to a
wet crude oil assay that is felt to be fairly representative of current
quality of a jfic I hed and a
recogni zed fac%mge i ndustry %aﬁegﬁ |(l)hr#rlibrlrllhgrrl (5bﬁf%?ﬂ§'hlty occurs.
Most in indust el ect a vvet assay which is felt to be representative and
typi cal of the‘ﬁ’a ity Fiiref shawsihe GonradsenCarbem Distributiond bRivergr ade of
crude oil, andpyge this assay data for nmaking operations decisions when:
this grade of crude oil is being purchased and refined. This wet assay is
assuned to represent a_typical crude oil cargo sanple and is typically
referred to aslO32} ecoFimwrid shoresthy sulfyroliedtntion foeMpndmst ances, "1 f the

variation in crude oil quality is large, the recommended assay nmay not be

represent at i veDBTAJUEDEDESCRIFHEN @memm%%% gaccurat e
busi ness decisions. AdditronalTy, &@s new crude grades econe avai l abl e,
there may be of838} uni WldﬁnmmmﬂimealtMﬁ&ym&@ra@emﬂ?msM&&W%%

PCTI US2006/ 001689 g*lég( n be undertaken In such instances, it is
desirable to aKe"¥Kg 15 qrrpmusblsmf%tbapwmfrem and

potential car OR&Ring édﬁm ﬁﬁls@ﬁnh ﬁ%ﬁ{' qable, it
hasc})een customary Ebg%ggédeégtﬁioggs&ﬂ ogat éggru%ﬁﬁ%o r presegt e gtade being
prodessed. Theambcmnbmngprodmt’yhnmelhbgtolngyinseﬂan&mdetaﬂkdamﬂygewhhhm cal
simlarities, and ted whol rude nea nts. Mre rece

al ternate net h@'@tﬁﬂh&?&gwng% “rfigwﬁe B&Lr 15 Bﬁyﬁrﬁgt“nbee‘r?@f% |t?rP‘?}'}9Fé’o| on
simlar to thahpdf nbb@meeibid lotealdnmd Hinlykisl r)&h@ﬁ&ud@éﬁ[’%ﬁjr Yéh @RORGRr € timely

fashion. As described above, various attenpts have
several weeks to several months to complete.

[0034] The recommended assay terminology is typically applied to a wet
crude oil assay that is felt to be fairly representative of current quality of a
- specific grade of crude oil. It is well established and a recognized fact in
industry that variation in crude oil quality occurs. 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 oil 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 variation in crude oil quality is large, the
recommended assay may not be representative of current cargoes, and its use
may lead to inaccurate business decisions. Additionally, as new crude grades
become available, there may be opportunities to purchase these before a wet



«# been nmade to correlate assay properties to NVR and infrared spectra and to
GC/ M5 data. Wiile these correlation nethods do not calculate all of the-
prdperties neasured in a wet assay, the predicted properties for an unknown
crude coul d be weotsaissigne basis for the selection of a s e
met hods of B. Descales, D. Lanbert, J. LLinas, A Nartens%,%&@.gﬁbcg%og:wm
Sanchez and S. Bages (US 6,070,128 5/ 3Q/1%Q00) and J. M Brown, (US Patent
6,662,116 B2, 1219/2003) are capable. of "predicting a conplete synthetic
assay either by selecting the closest match in a library of FT-N R crude
0| spectla, Oldly caflBy BhARaReh Inhalfls@hcdt it sk B Mlbiteliinld - M R
spectra, and other key neasured properties. wever, the accuracy of -the -
physi cal and chmeahsof estivlating essey dataon onmentiand poedtidlcatgoese net hods are not

~always conparable to that of the measured wet assay. [0037] Wile these

t echni ques can 6! : | h-sqgm 3 rget sanple to

t he cl osest mat[ch ﬁgr b%ﬁg#:ﬁlﬁﬁaﬁté&%‘ & |eéﬂ@zliéﬁ)f"bheats:§§?ntc‘gﬁ§ miWﬁ% t he sane
| evel of accur aelget aBagogdte cade norepreseitithe gladPbeing pioteRe®dThS debitfion coul d be -
i nproved by an alternate Et hod, of  devel opi ng these values. [0038] The data

derived from t T8 &P bped on knowmngepchenaicalsipilagities, and linited yholti ¢
dat abase wher e g AL | i g K.
at abase wher e chide G3s8meRE! IS/ieBSiE k%k%% ﬂ@h@%@ﬁ%ﬁ%@?ﬁﬁw@ﬁé&y wor k- up

tool to estimate crude qualit sire I"at 1 on"range. For WO
2006/ 078688 PCHeidsbedBvadgenesde infGrmation sintilar tethanefithe détaibted mhalyaisdaless i br ari es

are avail able fromHaverly Syst .Inc and [ Consultants Inc., both of
whi chvplrovi de COOTEYF \é‘PéHé’ﬁ? ﬁﬁ'f"g'&s%m{'h%é dﬁ%ﬁ%jp@?vﬁdégoﬁﬁmwv%c. Assay
data is publi shesh BidéFoudtreldshdpprbpéties BINMR MM linferbd B¥d toANd Dy

Statoil. The pkgpert versus distillation tenperature data is typically fit
to gmoth curv /Mﬁaaa%éﬂhﬂm@ﬁsmmﬂwﬂMidmbwmawpﬂop&ﬂy for any

desired distil i 3 T esent. jpvention.i s applicable to
i nprovi ng the E’?&é’ﬁﬁ’[céf%%Smg‘gg‘uf?g’&gg?ﬁ?ﬁmaﬁ#%ﬂpﬁr"ﬁﬁ i PN
perfornmance pr eagletcoald befused aibe badisforthe seRiclio6f Pairfopalae Mhe aetlesdld opr oduct
streans. The present _invention uses, the : 4

B. Descales, D. Lambert, J. LLinas, A. Martens, 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 qualities for any desired distillation range. For



“# prediction of the bl ended whol e crude properties based upon the nultivariate
anal yti cal technique described by Brown or other such techni ques that
produce’ a conpleted assay referred to as a Virtual Assay and further
describes a newbadbelomsgss f or nodi fying predicted whol e crygpyuadskddicss i but ed
properties generated by the alternative analytical techni ques descri-ed
above to obtain a nobre accurate crude agﬁlysis. [ 0040] The invention may
al so include the steps: Determ ning which whole crude properties are
critical to neasure for a given target sanple Determning distribution

val ue prioritigxggiﬂi@ . ; | ' th | st&i but ed
properties accordi nd%?%ré}ﬁ%égkw&éfs %é@%@%ﬁ&gﬁfy&%ﬂsl sin
material bal anine., anSHFf iConsdantsEna)lsoth of #llich prad@stooR TobRampalaigeghe[ 0041]
The val ues of &articul ar properties for a _given grade of crude oil are

i mportant for ZAWnfRidess Aspenicsh infs Assaydatp is publishedihy-Crvde Quakityioe, by

processi ng ung rIRLS, r t " rackers can be
limted by tot%t?e?\/%ﬂ%8@%2&9&5%8%%@%@%§3§&1§é%%ﬁn &4 i trogen,
sul fur, Conr addamisaypioaily fit torvaioatiscuressahat cam thiehdeuséddEstimatEhgy ef or e, _not
only are the whol e crude properties.of interest, but how those propertiés
are distribut &F"Pﬂ%f?gﬁn! %Sngaidilﬁ Ueneie of the naterial are critical.
Whol e crude sul fur nmay vary between less than 0.01 wt%to over 5.0 w %

Ni trogen cont ei#032hn vThy plesindbernti®sis applidable tpipiovin@hé pedftdoppm Wwhil e
Conrad son carbon can ra%e between Q and over 15% One m ght expect these
val ues to onl y2q5Hragy of the F‘F’E&i\é’bﬁlﬁﬁléqdmfﬁ@%mpm&%ﬂ@%@éﬂ@h@

refinery's opﬁéﬁgé?%ch%w%' gﬁ%ﬁgﬁ@t NGs&thdical if a

refinery is attenpting to purchase a fee I ur or nitrogen to

bal gnce a cr udprediction bfithg biemded wholeatiydeqirdpertieschasdxd wonitke mnltivatiatehan t heir
operational limts, would. permt. As _an exanpl e, ref{nery may have a limt
of 500 ppm sul *}'{# C\Aﬂf'ﬁ@lﬂ éﬁw.bﬁwﬂ%w%ms éWPWW?r? i f
processed al ongrhifleel dbsaly/P&efred to as a Virtual Assay and further describes a

methodology for modifying predicted whole crude and distributed properties

generated by the alternative analytical techniques described above to obtain a

more accurate crude analysis.
[0040] The invention may also include the steps:

¢ . Determining which whole crude properties are critical to measure for a

_given target sample
¢ Determining distribution value priorities that should be followed
( * 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



“# processing units would result in a diesel suflur of 650 ppm Therefore, they
woul d seek to purchase a crude oil with a |lower sulfur content to blend with
the higher sulfur crude to balance the resulting sulfur levels and obtain
their 500 ppm Warges078s¥her ef ore, sul fur | evel s whi ch coul gtabysbideson! y a
seemngly insignificant 100 to 200 ppmin the diesel range, in actuality
can have a substantial econom c inpact o the refinery's operations.. Crude
values vary significantly as a function of key qualities such as gravity,
sul fur, neutralization nunber, con carbon and nitrogen as exanpl es.

Potent ! al ort ¢ ambuher aitdgh SulfifContflol Bl ol G MERI 1kefin Whdh f8a, 75 M B Of

nore can exist between crude oils as a unctron of thelr seemngly simlar
sul fur proper t Ierefqmenptoaltare theewhale studa gropefties 00 ind@estHart howshése a si ngl e

purchase are c Lder L hi.s resylt in an ecopomic delta of $125,000 °

Do §375. 000" on eoHef it cibtpinedHroheR the oppihg Tangs 4t s Batesklme itk 1y cal |y

purchased week Whols it Salfainay 0 /bitvReANATEn 0.OXH% v 6 S wiE. Teal | zed
" quality

with a nore accurate representati on of a crude oils I'stribution.
A WD 2006/ 078634trpgen qoutent amvarp between Iess than d rpprmitoray enBOOS ppky ot hilecr ude

ti Lt4 cal f ' f, t | 42] Th
P rvbnt i on 1 oo 5 caltibnTEREE peflest o, HFE 5%, Ghe 2P sfodcbioit. 1 o
shoul d be neaswalads tolorilg b ef sighifieaidedd a refifeAsHehey ext&id tBOFBineivg | evel  of

t he property gener at‘g(]i by the blend, the inherent accuracy of "the prediction
and this propePP§Falons] enyelaps. (Howeser.ithey canalsechesritigaliifa s The
property's  crigithsatif fRcha¥ | | fJ us{ ness _
appl i cation, ora t]ﬁgﬁﬁ%égfl nery@égeﬁgﬁ)ég?i#?gﬁbﬁ%ﬁ%%gg? ?%gﬁlleidn%@?g lions. Tabl e
1 identifies tteythave ahbadywibtdived-whidh is lighes thdnctheinoperstiondlimétslwatlda wet

oul d 5 o be. RFEL: £ 5 gEBabEA reEREIRp e bt ol PRk sif 4R etent | on.

Table 1 diesel. They may have a crude oil 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 lower sulfur content to blend with the
highef 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, neotralization
number, con carbon and nitrogen as examples. Potential price differentials that
can vary between 0.25 $/B to 0.75 $/B or more can exist between crude oils as a

( 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 crude 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.



. Sanp ' - G avity, Specific Gavity

and/ or densi ty ASTM D287 D4052 D5002 Fe, V, N, Na I CP-AES N trogen ASTM
D4629 .Basic Nitrogen UOP 269 sul fur ASrM D2622, D4294, or D5453 Hydrogen

sul 11 de ASTM D3ggpolegggptan Sul fur ASTM 03227 " Al phat i cpcl %
and Wi ght %Yie %Fg D2892 and D5236 Sinul ated Di sti %Z%IO%EA?M D5307 .
Neut ral i sati on Nunber ASTM D664 Pour Point ASTM D97, D5853 or D5950 Freeze °

Poi nt ASTM D2386 O oud Point ASTM D2500; 145772 Rei d Vapor Pressure ASTM
D323 Sedi ment and Water ASTM D1796 Vi scosity ASTM D445 Comadson Carbon - -

ASTM D189 or 530 Sal t Sel ect ndi dat e fineries i ch could
potentially pr hf“é&ﬁgjl &F'b‘sfepm%(ﬂ%f" to mpeas 'dils afe
typically gl ob%%,y tapp¥sapiile. Therefore a determnation is first nmade
regarding which partrcular refineries are nost likely to have accessibility

2006/ 075685 PAIME2000 RREBIOL RSt IoauEs a dsFEmEBLon YRR SHOfE G, 1t he 2
whi ch ar e pot gPa Fi*‘ﬁ“%%t e T e e R e el Y A
and B due to cefitheptoppaty genegatedibnitiedidénd; the intredend penusdcyrof the prediction

and this property's criticality for the intended business use. The property's

criticality can vary as a function of the specific business application, or the

refinery configuration and operating limitations. Table 1 identifies the typical

whole cnide tests that are conducted on a wet whole crude assay. Other

( properties measured by industry accepted tests could also be adjusted based on
the approach outlined in this invention.

Table 1
Sample Possible Analyses Method
Whole Crude API Gravity , Specific Gravity and/or density ASTM D287, D4052, D5002

Fe, V,Ni,Na ICP-AES
Nitrogen ASTM D4629
Basic Nitropen UOP 269
Sulfur ASTM D2622, D4294, or D5453
Bydrogen sulfide ASTM D3227
Mercaptan Sulfur ASTM D3227
Aliphatic Sulfur :
Volume % and Weight % Yields ASTM D2892 and D5236
Simulated Distillation ASTM D5307
Neutralization Number ASTM D664
Pour Point ASTM D97, D5853 or D5950
Freeze Point ASTM D2386
Cloud Point ASTM D2500, D5772
Reid Vapor Pressure ASTM D323

[ 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

[0043]) 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



«# envel opes. The key properties of Tnterest are identified in Table 2. Table 2

- Crude Gls and Oiginal Assayed Values Grade Oigin APl Sul fur, N trogen,
Con* Gravity wt % ppm Carbon, w% Cb River Russia 42 0.21 800 1.32 |ight
Mondo Angol a 30 g 2696/ 5.30 Step 2: ldentify key refin i ng
limtations [0044] Refji@ﬁsgry Ais interested in potentially g?%’g%g@?ﬁ%@lda )
Ri ver Light, however the sulfur, nitrogeT and con carbon levels in the gas
oil and resid portions of the streamareée 5r’ocessi ng constraints. Refinery
Bis also interested in b River Light and Mondo, however the sulfur content

of the crude ang,d | St gl | 0, dearee_F pl .eqion is
of critical inp%}dtéé’ﬁ’é%‘gi%t ?b%%%@%?ﬁ%ﬁ%@%‘ﬁ&@%ﬁﬂ?ﬂ&@@ whi ch
may generate pekigbt amildends.sTherefineiasylch irepotntialhy infireitsdl ibProde@ying [ 0045]
Additional ly, there are punerous properties that can have a significant
economi ¢ or opel 4B ‘\‘Ie%?gg@iy%HD%BN@PF%@FWNP?@B&&VP@IEW@MQECT@W t ot al

mercury | evel f e Th| C ' nation or the .
pour point for %"Sg’i’ym@gk@’é%ﬁgﬁg poﬁgwedglg%@%tures may al so be
of consequence. Wile t Ugd 1 b | ' . nn di stributed, they
can be neasured and theh%?gﬁ% %#65&%%2%%%%%\@6% current val ues ~
for a given representative sanple. The attached exanple will not address

this specific |siGualei o sOsigih tHi s APIa Si nBuBugasE Nitropél [TEaToni NO| t he

whol e crude properties |and distrji b@idvitg tlhemyidr ough phm bo| | iCagbonpnpe. WO
2006/ 078688 PCJl US2006/ §01689 -16 Step 4:| I dentify] properties &agbe
measured for a]@bRever whoRassia ude |sanpl e.42 | 0046]p210r Ob Rgwel LI ghig2 sul
ni trogen and Cphightd sonjcarbon will| be ndasured, while for Mndo only t
sul fur will be|®of@Asur ¢Anpsls di tr1 but 1397 0.25 2660 5.30

(

fur,
he

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 numerous 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 a simple case of the measuring the whole crude properties
and distributing them through the boiling range.



_ _ g u . .

@ Distribution value priorities that should be followed [0047] Table 3
provi des the typical refinery |aboratory whole crude test capabilities,
distribution selection priorities, approximte cost of the tests and
appr oxi mat e sanpbaocc@fsess' €d. Even if a determ nation is npgeybleadoonthd tests
are required, they could be conducted at a nodest cost of between $1, 000
and $2,000 and require a nodest sanple_gize of less than 2 liters of the -
target crude oil. Table 3 Typical Refinery Wole Crude Test Capability
Distribution Selection Priority Analytical Test Recommended Alternate Wol e

Requi rod” (1) SRBAhJERfiY propestice ok eslg tof ¥ Hoth ndEBaMisniRe L 0, |
30.00 100 S 31 Q . N : 0 v2 .3 1..$520.00 10
Po02°% 10900 oM > \FE G W3Tigh suffof aheoh a8 ehBma o pasbSn WP 530 00 20
H2S 2 3 1 $45. Beasdftdl, while ¢ Mordconly ERIfOwiDbd Deanisafordishibutien3 1 $35. 00
25 Pour Point 2 3 1 $25.00 100 Total Nitrogen 3 2 1 $75.00 10 Mercaptan

Sul fur$3 21 u&&?vﬂ}{ki)%ﬂﬂétﬂat%i&mﬁeﬂmgﬁgd 00 50 Viscosity (c) 40C
- - 1 %$30.00 '

[0047] Table 3 provides the typical refinery laboratory whole crude test
capabilities, distribution selection priorities, approximate cost of the tests and
approximate 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
Analytical Test | Recommended Alternate Whole Crude | Approximate Material
Description Assay Analytic Measured Cost, USD | Required (mi)
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 &0

Ni 2 3 1 $20.00 10

A 2 . 3 1 $20.00 10

Fe 2 3 1 $20.00 10

Na 2 3 1 $20.00 10

( Neutralization Number 2 3 1 $30.00 20

H2S 2 3 1 $45.00 200

Mercury 2 3 1 $300.00 50

Conradson Catbon 2 3 1 $35.00 25

Pour Point 2 3 1 $25.00 100

Total Nitrogen 3 2 1 $75.00 10

Mercaptan Suifur 3 2 1 $45.00 200

Viscoslty @ 25C - 1 $30.00 50

Viscosity @ 40C - 1 $30.00 50

Viscosity @ 60C - . 1 $30.00 50

Wax Content 2 3 1 $150.00 50




@ ViscoSity 0 B0C - = 1 830,00 b0 Vax Content 2 3 1 $150.00 50 WO 2006/ 078688

PCTI US2006/ 001689 -17- [0048] The distribution selection priority is used to
gut de which properties should be used when nore than one critical property
i s avail abl e. o sebns&ses the neasured val ue shoul d al waysudisuspskect ed. and
the target crude val ues should be nodified as described bel ow to be
consistent with the whole crude neasured;,val ues. \WWenever a whole crude .
measured value is not available, then a Choice has to be nade between using
the value obtained fromthe alternate analytical techniques described

above, or usi r[]no‘g]e rm@ﬁﬁb@ﬁ@ﬁoﬁgﬁﬁﬁpi&%ﬁ%%gmh%ﬁ%et he -

measurenent reliability of the wet crud assay process ‘a _
predi ction acclpald\bearsed whepmors thah ene enitical/piopertyeistavailabies | Iaclledsesaheser i at i m

I s establishe f i.ch ptoper shoul d be used to nodel the final crude

oi | character %%spr\gﬁ_va%!s o‘ﬁ‘él"i‘}{/%yﬁl ﬁrseg'étfgﬁ’i“fﬁ‘ﬁt"ggﬁ Ygtnes fouldiPe er nat i ve
anal yti cal netxh@diﬁe@%ﬁésbﬂ@éhl&%v&to%ccﬁéﬁ%twﬁﬂuwﬁdlgcﬁﬁs but ed '
properties accordi ng‘lagl [ 0050] The synt hesi zed assays tor the two target

crudes were getiies: dhengwirmgvhale crude medsuréd Brlusis nptisvailablestherba 6lifcel 16 B2,

12/ 9/ 2003). FF; he Larget ud aml es, were col.|l ected over
t he 5000- 1000%%?0 P%ﬁ‘%éé {’%”"t%%n i“‘f’fﬁg @bga%fuge%meﬁt%@w ”}Fmé% %aPY&F’a Gavity

and ki nenati c tecimiques dyscaibed diiive, dyaistngithé fecomaferd@bassqo¥alidle Mondo exanpl e,
this data was analyzed relative to a library containing data for 530

ref erence cru or e t _assa dat a S..av.aj | e. For.the b River
Li ght exanpl e,ctﬁg‘q]ar g\éﬁé‘ﬁgﬁﬁ?rﬂyo@M%?%W&C%Pgbﬁgr%wﬂ Yhas used.
The spectral daé®y procdssendhprédictionbeBurleyedt the ?ﬁﬁ&ﬂmoa:ﬂaﬁﬁig pethed and

o]

1340. 3-1045.2 cm regions were orthogonalized corrections for baseline,

| i qgi d wat er aSlectedt aseriptipois established ofwhich preperty should bg nseddo aradal ther

l'inearly bl endghf avd mg I.SE0S| it as a l|linear
conbi nati on of si ﬁ}mﬁgﬁaﬁfﬁ%ﬁlﬁg%ﬁ%&[ :/[;Ee%p an 1%3%3@?%% ag%ﬂgla % for reference
crudes using aitdnntiegandytical inedwds HeseribedbuR M Brow@or i t hm

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™ range
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
( data for 562 crudes was used. The spectral 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 combination of similarly orthogonalized and concatenated data for
reference crudes using a Nonnegative Linear Least Squares algorithm.
R%is calculated as



® R is calculated as a. WD 2006/ 078688 PCT/ US2006/ 001689 -18- |Cu S2(ur wa
tap) - w-.1"(ap) wtap) - wara"ta~) (f+2-c-1) RZ =1- |vv4onutwea) wne, ~"twe)
wwO02,4v 0) wwM"tw) u u SXu a.u warvlucaPl) - war om wawl v(aw) - ward
(an) (f+2-1) WP WWA78%) Waa) wwedl utwr) w'(wsc) [11 ~$Crn@poveadighe. 1" (Ww)
are the volunetrically blendable forms of APl and viscosity, and wa,) and
ws, are the weighting factors for the tgfg Jinspections. (.Po and . I(w.) are
the estinated bl endable fornms of API viscosity cal cul ated based on (
the Virtual Bl end. A Fit QJaIity, FQ |s calculated as: FQ= 1-R2 [21 The
Fit Quality Ratio, E [31 . . KRC,is a Fit Quality

Cutoff. FQC is sel ec ch t at naI h AR e 10b /will produce
predictions of adequ ‘é’@l 5| Werrhian 0 a&ﬁhﬁn hf\feR~c-al yses
for which FQR 51 0 a (emrewm, Mu(aa | Mg i) the library used’
in this exarrple oo - 0=6886= e tsteR—tF : on of '

yi el d predictions for i efX1 4gn Iy§6s {9 on%ral P t%‘futh r produm bility

of the distillation. |\Widlgante| writiashdll Piowasdfast hi- ww%t (;+g.e%eRrably
uses the results of WA ] Nr wg NRuts, T| e w na)l es ( < 1.5)
crude s “I"r‘@r

are al so used. (0051] “or the n analysis with a
FOR of 0.63 is obtained based on a bl end of 15 reference crudes ((Mabl e 4).

Despite the fa@&u)tdﬁdtﬂum&mMmﬁeﬂlﬁﬂéﬁéblesfoﬂﬂ@ophfb:f}ﬁ dBkify Y 1eference

crudes, it is not included in the Virtual Blend, proba because of its
signi ficantlyahd gharandaig e mdiewtighting factors for the two inspections. A,wn» and

Auouo are the estimated blendable forms of API and viscosity calculated based on
( the Virtual Blend.

A Fit Quality, FQ, is calculated as:

FQ=\1-F 12
The Fit Quality Ratio, FQR, is calculated as:

_Ffo

3
FQC 31

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 FQR < 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 (FOR < 1.5) are also used.

[0051] For the Mondo crude sarple, 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 included
in the Virtual Blend, probably because of its significantly higher acid content.



expect ed for the T| er 1 anal ysi s,
the dlstlllatlon yield predlctlons are within the reproducibility of the
distillation procedure (Table 6). However, the sulfur analysis for the

Mondo crude sa % is significantly | ower tha

predi cted by t@ﬁ/w&%ﬁ Assay (0.38 wt9% suggesting that QF#Q&Q%Y@L&Q :
distribution wll also be off. Since sulfur content and its distributionis
critical to Refinery B, the nethodol ogy18f this invention is used to

recal culate the sulfur distribution for the Mondo target. Table 4 - Virtual

Bl end for Analysis of NMondo G ade Location Region Vol une., ARUN CONDENSATE .
| ndonesi a Asi aXP&EPqCFEéfo e TaonNcmalystsitheslistiliafion yigld predigtions age within - COASTAL

California U SgA ST ew NDRE
Canmevon Basin Austé} ?ﬂmﬁfl@l()%%ﬁkﬁgg aﬁllAf | ca%g'. bbﬁﬁ%ﬁ% razil Latin
Anerica 15.5 W@Mﬂoﬂtb@rtgjohm cihde seanpPe\0ABEOAt Bd) ENDgrificmitly lédver than AL ANCA
BLEND Angol a Afr.ica Af rica akhal i n_|sland Forner
Sovi et Uni on S)St @%ﬁ&%@% IASFW WH@ Sﬂgg%mﬁtﬂkat NSATE

| ndonesi a Asi aqRafifibs wil Bbfthe bRISHES fdSkandRghd ité ahafthoRis crifca ual Assay

Results for Mondo Recommende Assay Assay Assay Crude API
Gavity, 27.9 BﬂRﬁneSﬂBSthe‘metbmkﬂa cﬁtthmmmwts us&lt tokdcabalae the seltfuSul f ur,
W % 0. 46 0. 38 W% 029 0.202 0.22 CCR, W%6.2 3.69
3 59 Neutrali 8&%503& R%"SP%N)Q’E%GG\A 0.97 0.28 0.4 Cut volume, % LVN
(1BP-160F) 5.61 8.11 8,83
Table 4 - Virtual Blend for Analysis of Monde

Grade » Location Reglon ;olume

(’ ARUN CONDENSATE Indonesia Asia Pacific 0.6
GANOQ LIMON Colombla Latin America 13.7
COASTAL “|Califomia USA 4.5
EAST SPAR |Camevon Basin  |Australia 3.8
LEGENDRE |Carnevon Basin {Australia 4.1
MARIMEBA |Ar_1_gota Alrica 2.7
MARLIM Brazi Latin America 5.5
MAVACOLA Angola Africa 22,6
PALANCA BLEND Angola Africa 25.0
PALANCA BLEND Angola Africa 9.1
QARUN Egypt Africa 2.6
SAKHALIN LIGHT Sakhalin Island  {Former Sovist Union 0.6
SAN JOAQUIN VALLEY California U.S.A. 1.8
SENIPAH CONDENSATE Indonesia Asia Pacific 2.9
WIDURI . thdonesia Asia Pacific 0.6

Table 5 - Virtual Assay Results for Mondo

Recommended (Virtual New Wet
Assay Assay Assay
(-‘ Crude
AP Gravity, 27.9 34.85 34.8
Viscosity at 40C/104F, ¢St 14.32 6.24 8
Sulfur, wi% 0.46] 0.38 Q.25
Nitrogen (wt%), wt% 0.29 0.202 0.22
CCR, wt% 6.2 3.69 359
Neutralization number {TAN), MG/GM 0.97 0.28 0.4
Cut volume, %
LVN {IBP-160F) 5.61 8.11 8.83
MVN (160-250F) 6.98 9.1 8.45
HVN (250-375F) 1117 12.55 12.8
KERO (320-500F) 16.41 18.156 17.4
JET (360-630F) 15.81 17.32 16.29




MN (160-250F) 6.98 9.1 8.45 HVN (250-375 11.17 12.55 12.8 KERO (320-500F)
16,41 18.15 17.4 JET (360-530F) 15.61 17.32 16.29 a WD 2006/ 078688

PCT/ US2006/ 001689 -20- DI ESEL (530-650F 11.33 12 1 LTGO 530. 700F) 15.96
16. 74 16.75 LWOOH8B8F 8. 63 8. 92 8.47 MGO 800- 900F) FCTATS2006/662688. 34
HVGO (900- 1050F 9.52 8.51 8.04 AtnRes (650+F) 50.66 42.39 42.57 VacRes
(1050+F) 20.31 12.47 13.49 [0052] For thg.Cb River Light crude sanple, 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 sanpl e|IDiESERB306EaRP] Y difTferent Trojm all m@Berenc@jcrighep in the
library incl udiiniGOKES0-@OFR ver Heavy reference. Visioble t 1674li s18.45| at i on

yi el d predicti ¢h¥GQKZH0:800F) expected to be witlhin t hé.63y eprega2lici [B47jty of the
distillation pfdMe&BORIOF)yI el d predictionsjare stiZiof| a &ispni fa.3dant | y
better estimaté I i on than using the b Ri Hefsbil raw;bmrended
assay (Table 7) Amfes@MMyr, nitrogen and Cgnradsdi.e8ar béABIl pr &B7Cti ons from
the Tier 2 fit LMeeReadt05%fbquate and nust be li nprov@9#ilsj A7 hel3.48kt hodol ogy
of this invention.7 Table 6 - Virtual Blend for Anal ysis of Qb R ver Light.

G ade Locatio [ on 007 EAST
TEXAS SWEET Texas %&g%c%%@gs’s @ﬁ%ﬁfﬂ%ﬁﬁr&&%ﬁ: ag] 0704
HYDROTREATED SOR.dE Mﬂ%ﬂﬁbﬂo@d&&ﬂﬁﬂ&l&hd%ﬂﬂrmfetms ciideB(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

( s - :

' 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 Region Volume %

CHAMPION Brunei Asla Pacific 0.8007

EAST TEXAS SWEET Texas U.S.A. 0.6583

GIPPSLAND o Bass Strait Australia 3.0704
HYDROTREATED SHALE NAPHTHA | Queensland Australia 5.1893

KAJI-SEMOGA Indonesia Asla Pacffic 7.0745

KOME Chad Africa 0.1113

(' LABUAN Malaysia Asla Pacific 2.2229
: LAMINARIA Timor Sea Australia 11.9891
OB RIVER HEAVY Russia Former Soviet Union 2.4487

050 CONDENSATE Nigerla 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)




=4 KAJI- SEMOGA | ndonesia Asia Pacific 7.0745 KOVE Chad Africa 0.1113 LABUAN
Mal ays fa Asia Pacific 2.2229 LAM NARI A Tirnor Sea Australia 11.9891 OB

RI VER HEAVY Russia Former Soviet Union 2.4487 (OSO CONDENSATE N geria Africa
5.8753 ROZEW BExBabwnckstsur ope 0.2968 SAN SEBASTI AN Ar gentpicihirsioaddofssf\ner i ca
0.8082 SIBERIAN LI GHT Russia Fornmer Soviet Union 55.2498 YME Norway Eurape
4.2046 WO 2006/ 078688 PCT/ US2006/ 001689 _y21 Table 7 - Virtual Assay Results
for b River Light Recomrended Virtual w Wet  Assay Assay Assay Crude
APl Gravity, 32.3 40.88 41.8 Viscosity at 400/ 104F, cSt 5.18 2.82 .2.06

Sul fur, wt% 0.0945 0. 3683&1@7)8%&1«5@9%%»0%%& Lihe 0- 092 0. 08 OCR

%192061;1 Nett+ad+-zat-+-eh—hurber— Z Q.08 0.05 ' Cut
voI ume, % LVN () BP-160F) 6.45 14.02 12. 76 l\/ - fﬁ@ 7. 9‘12"*’6 12 34
HVN 250- 375F) 9t t524—16-383—KERO \32{} a“J +8-35—1p—e8—21-

(360-530F) 19.5 iy 0~ 19— DHESEE<530-65pF; 19.&73 16~ % L322 TN TGO
(530-7009 25. 38—1‘913&@%:@%4&@ 5.8 283 208 -
Sulfur, wi% 0.0945 0.3683] 0.2089
Nitrogen (wi%), wi% 0.049 0.092 0.08
CCR, wi% 1.9 2.06 1.11
Neutralization number (TAN), MG/GM 0.07 0.08 0.05
Cut volume, %
LVN (IBP-160F) 6.45 14.02 12.76
MVN (160-250F) 7.89 12.66) 12.34]
HVN (250-375F) 9.71 15.24 16.33]
KERO (320-500& 18.15 19.65 21.68
JET (360-530F) 19.53 1801 20.13
( DIESEL (530-650F) 18.07 10.88 13.22
LTGO (530-700F) 25.38 14.84 17.86
| LVGO (700-800F) 10.58 7.19 7.2
" MVGO (800-900F) 8.83 5.92 5.79
HVGO (900-1050F) 7.12 6.13] 5.45
AtmRes (650+F) 38.6 30.89 271
VacRes (1050+F) 5.76 7.68 4,02

{0053] The Virtual Assay predicted distributions 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.

o 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 % yield for
volumetric properties and weight % yield 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.



LVEO v . 5 79 HVG (900 1050F) 7.12
6.13 5. 45 AtrnRes (650+ 38.6 30.89 27 1 VacRes 1050+17) 5.76 7.68 4.02
[0053] ,The Virtual Assay predicted distributions for these properties are
modi fi ed in the follow ng manner: In each case, a surro cruels

sel ected to reMQUeSHe expected shape of the propertg"aq P on. 1n
t hese exanples, the recomended assay is used as the surrogate for both
Mondo and Cb River Light. ldeally, if i324s within the capability of the
assay workup tool, the property ( distribution curve for the surrogate
crude is scaled up or down by a nultiplication factaor. The value of the

factor is adj uUst U%PAthlf)thGBﬁWrWOIh‘Et@Pl %Fresfﬁatmééhlﬁ eepability, At @aRrty. The
t di
Jel docurve. (vol tnctembh By B sitfoyfls ot Btal A0 et oblSy AAGRSEOVT G

for wei ght baseddlpemneﬂsﬁlhﬁoxsmhoa&méhnﬁeboﬂmglomgxmﬂsﬁnamldumt egrated tp
estimate the pro&grty val ue for .the whole sanple. The scalin factor S '

adj usted unti | wiich the PeopsEY dsestimated would cortespandte thesg fer which thepp
20061078688 PCT/ ‘aﬁé@ or kup tool
does not have th@%g%abl I | t@ %eé%ln%d;%ggéﬂgidesg aryetptmﬁueglg surrogate

crude assay to eﬂmkerﬁsmtpmutsm;henad:ahisuﬁorrdovmh;caﬁmmr,chndumédmt|on cuts over
the entire boiling range. The dist] tion cut for ich the property is
3 spyiariie oleits B

estimated woul d EEFIELEARFWRIOPHELYS BIFGYYS normal |1y
measured in the H&Enaﬂ%%@adfo?% H%%&rkuﬂ/af%tég%ofﬂié%&iu@tmh@te cuts are
then scal ed up or down by a factor, used to regenerate a new property

di stribution curp@pﬁmﬂmwlnlylmsm mmkedmamtmywdwhola dat a
wor kup. The int egmal v:ellmra1 forlthé gn' and e %almg factor is adjusted to achieve

( material balance.

[0054] Table 8 through 11 summarizes the varions property values for Ob
River Light and Mondo as deterrmined 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 Assay 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 800

Table 10 Conradson Carbon Distribution (wt%) for Ob River Light
L [ 343°C+ | Whole |




property and yield curves is again checked agai nst the neasured whol e crude

prioperty value for the target

mat eri al baI an 2056%9
val ues for ver
i n Figures 1 t hr ough

crude sanple as
8. Sul fur
Recommended Assay 0.1

4. I n each case,

and the scaling factor
Tabl e 8 through 11 sunmari zes the_vari ous
i ght and Mondo as deternined from tHa/ RN

I s adjusted to achi eve

roperty
depi ct éd

anew wet assay was done on the target-
a check on the distrib@Bi~on nodification nethodol ogy. Table

Assay 0.506 0.209 Nev
(ppm for Ob River Lig
Predi cted Assay 2541 4
800 Tabl e 10 Conradsorn

Whol e WO 2006/ 078688 H

Distribution (% for Cb River Light 343 C + Wole Crude
0-0.005_ VA Predicted Assay 0 905 0 b78 Redi st ri but ed
Wt Assay 0 557 0l 209 Tahl & oCrudet r pgen Di stribution
Recommended Assao| e [y yde 488¢ommendd8|Assa 1136 490 VA
VA Prdiged sty t ed Assay S7E] 800 1@\ Vet Assay 2305
| RedistyibutetiAstayi buti bn (Wt 348f{or CbiRivVer Light 343 C +
AWURZ0884¥01699 - | - 23 CB48l¢  Recontended Assay 4.25

1.90 VA Predicted Assay 5.71 1.32 Redistributed Assay 3.08 1.11 New V\ét
Assay 3.49 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 Assay 0.459 0.25

- [0055]
the best representation of current quality of a crude oil grade based on previous
data. The VA Predicted Assay is the updated estimate based on analytical and
mathematical techniques 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

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

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.



Table 11- Sulfur (% D stribution for Mondo 343 C + Wiole Crude
Recommended Assay 0.745 0.46 VA Predicted Assay 0.718 0.36 Redistributed.
Assay 0.471 0. t Assay 0.459 0.25 j [0055] The recommended assay is
the current as‘@ﬁm’?ﬁlgfs#s considered to be the best repPCEUSIMROLES of
current quality of a crude oil grade based on previous data. The VA

Predi cted Assay is the updated estinmate2dased on anal ytical and

mat hemati cal techniques to update a grade, in this case the nethodol ogy of
Brown. The Redistributed Assay is the VA Predicted Assay that was nodified
by the techniques of this Tablel2-Ren Cept Ebapge tosWeg Assaya conpl et e | aboratory

anal ysis of t ge I S basis .far e VA Predicted
Assay and thg&g%?gp %‘l?g)eu'f QS&?{%@%&@&?&%{SS’ a&)gs-ﬁgegﬁsgﬁyrgﬂu@d #"‘E@ t he accuracy
of this nethpidtodWalud 0056] Tabl es 12 and 13 provide a summary of the
change in accuracy in predicting cut properties associated with this

t echni que. Tab3%C du? property Vatisk | eadtamerded VT VA Prdicesd AT IRemtribiied Pe) cent age
difference Hetween the Recom NogshyvAWaY . | VAARa9UWet €d| angssRpdiwgt riput ed
Assay to thg W@bmmg{ted T ASSayggg bl € 13- Adgspt Ut e cnang@gago Wt
Assay summar val'ue Ofjgdop¢ di fFerencgg| between thg |-

NG@Sgeh D Ob Rivep Dight 8 A -
Recomended YOb Niver Icied and e rroured jto _the %%Jd'
@ﬁ‘ajﬁcmdgb 53067 g

b ol Lol

measur ed Wt 20067 UUIﬁb@ F24—Tabte—%g-] Per
Cent Change I ASSay Per—Cemt—Change = Setectedvethod—Vatlrue—Wét Assay
Val ue) / Selected Method TgHlee3-34hite Canpé BPWet Wsk@y ues Recommended VA

Predicted Redistributed Assay - Wt Assay - Wt Assay - Wt
Absolute Change = (Selected Method Value-Wet Assay Value) / Selected

{ Method Value

343° C cut property values | Recommended VA Predicted Redistributed
Assay - Wet Assay - Wet Assay - Wet
Sulfur - Ob River Light 0.377 0.348 -0.051
| Nitrogen - Ob River Light -1169 236 -64
CCR - Ob River Light 0.76 2.22 041
Suifur - Mondo 0.286 0.259 0.012

[0057] These tables clearly show that for every property which as been
modified by the methodology of this invention, the redistributed assay results
(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] The methodology for modifying a direct blended or closest match

assay is as follows:

1. 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
Virtual Assay.



Sul fur - Cb River Light -209%38%-10% Nitrogen - Ob River Light -103% 9%
-3% GCR - Ob River Light 18% 39%-13% Sul fur - Mndo 38% 56% 3% Table 13-
Absol ute Changg say Absol ute Change = (Sel ected hod Val ye- Wt
Assay Val ue) / geﬁlg}éﬁé‘w( Met hod Val ue 3430 C cut pr ope?’ vAPGRaLss .
Recommended VA Predicted Redistributed Assay - Wt Assay - Wt Assay - Wet
Sul fur - b River Light -0.377 0.348 -92951 Nitrogen - Ob River Light -1169
236 -64 CCR - b River Light 0.76 2.22 -0.41 Sulfur - Mndo 0.286 0.259 -

0.012 [0057]_ These tables clearly show that for every property whi ch as .
been nodifi e b}mP%%YﬂhmefWr@Pt%smysgmmﬁdthydhwt@qhelquemtgam but ed assay

;?;ﬁ: ;?cagﬁfsl (S:f ose?mﬂe‘%{g new vvet agtsay Iégw%n%g%%&ﬁrect ly

nmeasured. These dnpéremensneed labotatody datu geerid diridy the epamition bf £wdele pur chase
decisions and a significant ,Z economc delta in value. { [0058] The -
met hodol ogy f or ﬁB’g'PP%aH IEIPF‘?QJ‘P"BTVS Q?Fh%‘} iggbutggueasuredssay i s as

follows: 1. Crea S of the
particul ar mat hgrﬁogel cal or anaﬁét I C g | que errp %@e’gﬂe%@ﬂe’fﬁggl y the’
met hodol ogy of Bssaywofkifp Iﬁ‘at:slﬁs @ﬁﬁ;ﬂcmiﬁnﬁéhalbﬁlhﬁéeﬂmwy witlefuiﬂ n referred

to as EM Virtual Assay, 20 0786 {001 - 25 . Inport the
val ues of the taPFREY 9%“5‘}//%) g‘&f tg?"gh H?‘é"&ﬂﬁ qcmqgsa.ﬁ °éf§lsay wor kup
program The assayp%qmggqam is typically used to

3. Determine which crude will be used as a surrogate crude for the target

( assay to provide a basis for property distribution. It is 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.

4, Import 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 figures, but this approach
works equally well for any distributed property) per the distribution
exhibited by the surrogate assay which as based on an actnal measured wet

crude oil assay.

6. 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



| nport neasured | aboratory data generated during the execution of a wet
crude assay, and is used to curve fit, snmooth and distribute neasured

pt oper'ti es throughout the boiling range of the crude oil. The result of the
assay workup pvocmé&erséss a conpl eted, material bal anced apgpispdsiobrstol! |
property distributions that can then be used for business decisions as shown
in Figures 1 through 4. 3. Determ ne j ch crude will be used as a surrogate
crude for the target assay to provide <@ basis for property distribution. It
i's recogni zed that crude oils sharing simlar physical and or cheni cal

characteristics w.ll ir properties distributed in,a. sjmlar fashion
as a function of%‘??&ﬁéﬁat&%]ﬁgﬁﬁg%@ﬁ%&%@%% Oﬂag%lﬂﬁgdgate I's a
crude oi | of theciodiagties Ghith th amashréprdpertpvdlo€r AGbattveli @sfhe assay. Wile
the absolute values may differ, crude oils sharing these characteristics

will al so exhi bi ¢urse farithg surpngatsecrude te estimate prapery datpdorthoaerdittifiatien oi | assa'y'
' t i | abl . . i d
based on. oi m | ar UhiR B TR HAUEHE RERRIGH e Wl B Ghto e TTNCE

al ternative. 4. ¢stipmikdd ropersuvalagpietit theselealelvahes i the@miahgssagsay wor k- up
tool. 5. Mdify the distribution of the selected property in the target
assay (sul fur, WPHupFEeredute teshiaitaney propsuy disfitutien suvecmdeheskyur es, but

t hi s approach | %ﬁ’]}l RRP hnper the
di stribution el@? |%§$@J§J {%%@%@p%ogﬁy%rggab | cﬁggs baglreag'ﬁglﬁé)an act ual
measured wet crmeasucsd prapaty/valGe fof\theuatget. edidstthe sdalingfhctomasesd tbor t he
target assay to ensure the overall |evel of sulfur present in the entire
crude oil rratche%&"f’(@%%%?’éﬁn%l ue obtained fromthe target crude. If
possi ble, scale the entire distribution WO 20061078688 PCT/ US2006/ 001689
-26 curve such tRepeat the protedyrecfor all otheepropertios thatliave fpeemfingasutediantdon and

yield curves agrees w.th th u .praper.t vaiﬁue. Al terpatively, use
the curve for tFF&“E%\é%FJBgH{" Ecﬁﬁepﬁ%ggﬁ.ﬁ%tg&ﬁpg é’f?‘?d#aflgpngr t hose
distillation 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 mnst 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, nitrogen 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



cuts for which the property would be neasured in a wet assay, scale these
estimated property values, refit these scaled values via the normal ~assay
wor kup proced ain a new property distribution curve, and check =~
that the integﬁgﬁ&%?ﬁ?ﬁe product of the property and yi ePHESZ00800168% ch ¢ he .
nmeasured property value for the target. Adjust the scaling factor used to " .
achi eve material balance. 7. Repeat the&%rocedure for all other properties .
t hat have been neasured and require adjustnent. For the Cb River Light ,
exanmpl e provided, sulfur, nitrogen and Conrad son carbon woul d be adjusted.

Wiile it may be Intgrelatad pro wldibe propontionatekp adjvatedbigtbetacgeide oi | woul d

be selected to b fbeﬂa A LUSti t he target.assay val ues, -
di fferent surrog('zl:tmeﬂ=£| cru%g%ﬁgﬁégsﬁﬁé@iﬂ@l%m% PgatFFr"\%goblmerm ned t hey -
better nodel the a ti&,ul ar property distribution. Ensuring the final .
modi fied bl erM’edS%‘Eesé?/a_JE‘S‘P%%téﬂdﬁIOﬂB’al%é@e’ﬂ’.m@ﬂle orude 4By exer cised to

ensure that all r ' al ance. Wil e the above
process ensures %%E%d@e%g’&gioﬁéﬂgﬁl%ég%sﬁgperties equal s the nmeasured
whol e crude Vﬁh%ﬁ other Jinter-related _gr_operties must be checked as well.
9. Inter-reld pr opeterdxantage.of this inyetion jsa regplting #ssas vhich qapiuzes sul fur and
al i phati c sulhaibenelitd JFI8€ PRSY i epgﬁg,ﬁ el al val ue
versus the total nr?e#a({s |fr‘1hst gncrud%(. t{| S b\‘/:fﬁ(r;tgcs t ug?ﬁié*%%ggi@tal i zed

cheni cal f or raveilabde; btistilbmaintain thgdiighcquatityt arsbecewrcy bicriticabalwslif the or
nitrogen present iy a.crude oil. Ther.efare, adjustnents t be made to
ensure the crit" SE?VlﬁngtaPiaﬁﬂF?tSﬁggﬁfflysﬂﬁlpg jto H%ﬁfmﬂﬁf‘bfore, ot her
WO 2006/ 0786 &hsine bpliind0QG4O6i 9@8atich/and!seleBliord, SAPHRHoRE19 RLpIAeE Shoul d be

pr(oportionatel adjusted in the target crude to match”the rel ati onship

exhi bi ted i n difereneesingifus, wrancxawple, ofi litdaewe1001e 208jppsrindhe diesebt crude oi |l
val ues and expordutihabl SodHollecdti8tbncdd B IR el §550:606 aF pltbdbed! N cr ude

oi | assays.

cargo. Accurately determining these values translates into a major economic

credit when purchasing crude oil in large volumes typical 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 analytic 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 biend 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.



[ 0059] The advantage of this invention is a resulting assay, which captures
the benefits of the faster and | ess expensive anal ytical techniques that are
now avai l abl 9@% ?sts. |1 maintain the high quality and accuracy of critical
values in the V2807 ovi ding an accurate analysis is i F00a0168,
feedstock selection to ensure optimal crude oil valuation and selection. As
previously explained, { differences in-284 fur, as an exanple, of as little
as 100 to 200 ppmin the diesel cut, could have econom ¢ consequences of
wel | over $250,000 per purchased cargo. Accurately determ ning these val ues
translates injo | om C.. dit chasing .Gr il in large .
vol unes typi gial gﬁ%ﬁ“ﬁ%&%ﬁ?ﬁﬁ%ﬁ%m%l%@dg]%ﬁﬁgﬁr??%ﬂéﬁ"!&%d Nceedi ng-
refinery Iimtat Enmngirfual asgéy.ti cal val ues has an inpact beyond proper
econom ¢ valuation for purchase. A refinery may purchase a crude oil cargo

expecting a | T gL 49 Oferl % g ' ic - :

t echni ques dzssj'cr Fgg%&i#ﬁids @%ﬁ’%ﬁ{?ﬁw@ﬁ&&ﬁ@“%&%‘ﬁ%ﬁg ﬁ{éﬁbntlyoﬁéati on on
feed sul fur of |%ﬁ8@rdp&rb?®fﬁrﬁﬁﬁ§t&dlﬁédiﬂﬂbﬁﬂgqﬂp& viousdigedy cusweeci ficati ons.
I f the purchased crude oil arrives with a value of 1.5 %sulfur, then the

refinery nusty pu DR j Ecr?th ononi ¢
prem umto bl%ndwiﬁgﬁsgae)gd Suﬁvﬁgﬁkg\tﬂgﬁgs@gﬁ%gﬁﬁgﬁO%Qgerqg]at' efis can
result in an econdm graosicrode comparahde orthe exlistribptaddssayns t o rundown t he

hi gh sul fur purchase. Accurate characterization of the feedstock is
inportant froman economc, operability and safety standpoint. [0061] , For
Figures 1 though 4, the follow ng term nol ogy applies. 1. Recommended Assay
- current assay of a given grade which is being used to represent the
current crude quality. WO 2006/ 078688 PCTI US2006/ 001689 -28 2. VA Predicted
- {'he quality that is predicted by the approach identified by EMvirtual
assay. 3. Redistributed - The property curve that results after neasuring
the whole crude property of interest and redistributing it per previous
assay curves. 4. Wt Assay - The new assay that results froma conplete
assay perforned




on the grade of crude conparable to the redistributed assay. f WO :

2006/ 078688 PCT/ US2006/ 001689 -29- CLAIMS: 1. A nethod conprising: a)
generating a §ynt hetic assay for a material, b) neasuring one or nore
critical prop®® B%He material, c) sel ecti ng a surr eyaus@ewassef or each
of the critical ©properties to provide a property distribution for each
critical property. d) calculating a maberi al bal anced val ue for each
critical property, e) adjusting the property distribution for the surrogate
assay such that the material bal anced property val ues equal the neasured
property val ORAIMSt each critical property, f) replacing the property .
distribution of the s ninthetlc assay W th the adjusted property distribution
of step (e). 2. The t hoti methad) comiprisingher ein the material is a crude oil, a
condensate or a resid. 3. The nethod of claim 1 wherein the synthetic assay
is generated by EM Virt il gensmpinga symbetigrassapoforafmateridlm 1 wherein the
critical property is selected fromthe group consisting of API, Sulfur,

RVWP, Salt, Ni, V, Fe, Nab)anmea&mgmepzmﬂdamperq&fﬂ[hmamhod of claim
4 wherein said critical property is APl. 6. The nethod of claim4 wherein
said critical property i) Ssalécting a surrogate assay for each of the critical

properties to provide a property distribution for each critical property.
d) calculating a material balanced value for each critical
property,

( e) adjusting the property distribution for the surrogate
assay such that the material balanced property values equal the measured
property values for each critical property,

f) replacing the property distribution of the synthetic assay
with the adjusted property distribution of step (e).
2.  The method of claim 1 wherein the material is a crude oil, a

condensate or a resid.
3. The method of claim 1 wherein the synthetic assay is
generated by EM Virtual Assay.

4, The method of claim 1 wherein the critical property is
selected from the group consisting of API, Sulfur, RVP, Salt, Ni, V, Fe, Na, and
neutralization Number.

5.  The method of claim 4 wherein said critical property is API.

6. The method of claim 4 wherein said critical property is
Sulfur.



