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present invention is a nethod to determne if a
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crude quality is also used to define the operational settings for a refinery as that

crude oil is processed.

[0003] In the petrochemical industry, crude quality had traditionally been
assessed using a crude assay. When a crude oil is assayed, it is distilled in two
steps. A method such as ASTM D2892 (see Annual Book of ASTM Standards,
Volumes 5.01-5.03, American Society for Testing and Materials, Philadelphia,
PA.) is used to isolate distillate cuts boiling below approximately 650° F. (343°
C). The residue from this distillation is further distilled using a method such as
ASTM D5236 to produce distillate cuts covering the range from 650°F. to
approximately 1000-1054° F. (343°C. to 538-568°C.) and a vacuum residue cut.
At a minimum, cuts corresponding to typical products or unit feeds are typically
isolated, including LPG (Initial Boiling Point to 68°F.), LSR (68-155° F.),
naphtha (155-350° F.), kerosene (350-500° F.), diesel (500-650° F.), vacuum gas
oil (650° F. to 1000-1054° F.), and vacuum residue (1000-1054° F. +). Each

distillate cut is then analyzed for elemental, molecular, physical and/or perform-



i solated, including LPG (Initial Boiling Point to 680
F.), LSR (68-155 F.), naphtha (155-350 F.), kerosene

W@ 3B0/020%® F. ), diesel (500-650 F.), vacuum gasPOI/US1065@9667
F. to 1000-1054 F.), and vacuum resi due (1000-1054 F.
+). Each distillate cut is then anal yzed for
el enental , nol ecul ar, physicalk-and/ or performance
properties. The specific anal yses conducted depend on
the typical disposi tion of the cut. The data derived
ahtOPHIeHes. aNRE Y& ifivahilysesddirduciedddepeha 'odttht mﬂﬁeal disposi-
el ectroni c dat abase where it can be mathematically
tiomrofithe atie dThe dett derbited foomdbespuaalyses svilldypaaily be stored in
desired distillation range. Commercial crude assay .
apjaleciranig databass, wherit 62t pe Matag@atigally magmulated to eglippate
HPl Consul tants_ l.nc. ot _.of i chpraovide toolks for
chif SR G b diGeq AhlTafin MReE  CBRMb A FRISes®Y

. . ; | :

e o R A B TR I G L DL HFLComElnfSThe., both
offivitiich padvide tésisder manipalataigathieslaty pis civkl Aspeateth Inc. Assay
snoot h curves that can then be used to estinate the

detaoisqrubishedt baiyrude uadity Mostby Shell £l Compangoaad b Statoil.
etai |l ed crude assay. can take seyeral weeks to nonth
ORI VeSS RO Prberu el R DI A3l pgunoots curves
e B U55d Ba Gle pAREry o RS RLPE distlion cpt.
fromthe cargoes currently being bought, sold or
[00@FIESSEd d&?ﬂe& BhiMRl asBAPEA] takRlse hPwedROIATRANS (80
not "account for variations between cargoes that can
coaydete. Agardsut@ic skhypditaasedor makipsbustnessdecisions, and for
Waguespack i Hydr ocar bon Processing, 11 .(9}, 1998
plaing.ccontrolling pndoptinsziag oppeationsis Bierllyonot fhom the gargoes
varigtion hei,r effect on refinery operatio
chftentli b6 e botgH SIGT RroHRSTak DR rERAHIFBEra tagLhe prsays
O A Gcbint f‘"vhfié(ti%ﬁé%ét@%élg Earlg\%g WRRRAA hald ats%rﬁﬂeélﬁ%ffect
of crude oi'l varrability, botlf over tinme an ring
ont SpekrteRSP &L 1G .| Wagu@%acla gHﬁlﬂrd@mBlm PirodessRgeTy 09Y,4998
changes in relative field production rates; m xing of
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refinery operations, and the need for improved analytical technology for use in
crude oil quality monitoring. Wagusepack lists sources of crude oil variability,
both over time and during its transport life as: aging production reservoirs;
changes in relative field production rates; mixing of crude in the gathering
system; pipeline degradation vis-a-vis batch interfaces; contamination; and
injection of significantly different quality streams into common specification
crude streams. Such variations can cause significant changes in the value of the

crude oil, and in the products that can be made from it.

[0005] Refinery Crude Units, also referred to as Pipestills, separate crude
oils into their constituent boiling range fractions at different boiling point
temperatures (cut points) that then become feeds to other refinery process units

or for blending into finished petroleum products. The respective cut points are
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those specified in the assay
qualities can deviate, sometimes significantly, from those specified in the assay.
In addition, feed streams are often a blend of different crudes and the precise
percentage of each crude in the blend may not be known with a high degree of
accuracy. Plant personnel must decide whether the deviation is due to sub-
optimal plant operation or is the result of the normal variation in crude quality
and/or make up of the crude blend. This uncertainty can result in delays or
inaction towards rectifying underlying operational problems resulting in
continued sub-optimal operation. The ability to confirm or eliminate crude

quality as an underlying cause for the observed deviation can therefore

accelerate problem resolution.



In addition, feed streans are often a bl end of
different crudes and the preci se percentage of each
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of accuracy. Plant personnel nust deci de whether the
deviation is due to suboptimal plant operation or is
the result of the normal variétion in crude quality
and/ or nmake up of the crude blend. This uncertainty
can result in delays or inaction towards rectifying

SUMBR A RYNOFOPHEANVENTIONbI ens resulting in continued
sub-optirmal operation. The ability to confirm or

i nat Lde L _ e
UG, o PHE OP S BLl ST ARTUBATEAN: W R ey Mt b
pERSAhaItdcefraRYNREY & thE - diiy BRI Vulle 8eding g @it soBhat
operation of a refinery crude unit requires that plant
dpeintionnfbnathewpitmtin ceso idestifind. dha they abiowsibe andedying
f eedi n% the unit so that deviations fromthe_ optinum
causs foe deviaHons fhad mappecur fie e AFPRALY HHEStigwled pdl mectified

f devj at | t hat t.0.:he. | .
iREE pGiatiof L AR ot PRes e Suake RIATRYER M fetsumined
SRR LT ) ool gy ety
vatabletandipls ibgprhétpdil Yo yeutiredy encasgre dargsesi with adhbematory

to routinely neasure cargoes with a | aboratory assay

ashay due tolikeir reletivelyvugly chstgmddbs tinit takes toinestarm a
RETRe S5 B B0 SRS D hORBL Y ecea
it PRI AL A%rRu bf Bal o RNy UH TR hRUIPE o8 may

ysis an I'n an 1 ncorrec
&N S 18BerrE QAL 1ukish. pr esent i nvention is a nethod
to determne if a pipestill is operating optimally for
a given crude oil feedstream by perfornmng a virtual
[6608]y onThéereseutimvention isa emthad teaddtatmimatid aypipessidlyis
This requires that ) ] .

. operating optimally for a given crude oil feedstream by performing a virtual

assay on the crude oil instead of a laboratory assay. This requires that
multivariate analytical data be obtained on the crude oil as described in U.S.
6,662,116B2, which is incorporated herein by reference. The method of U.S.
6,662,116B2 will henceforth be referred to as Virtual Assay. Thus, the present
invention allows the determination of the "health" of the pipestill prior to

performing any physical or mechanical tests on the pipestill.

[0009] Virtual Assay overcomes this uncertainty by providing a method to
determine crude quality accurately and quickly for use in this deviation analysis.
Virtual Assay as described in U.S. 6,662,116 is a method for analyzing an
unknown material using a multivariate analytical technique such as spectro-
scopy, or a combination of a multivariate analytical technique and inspections.
Such inspections are physical or chemical property measurements that can be

made cheaply and easily on the bulk material, and include, but are not limited to,
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Assay. Thus, the present invention allows the
determ nation of the "health=5ef the pipestill prior
to perform ng any physical or nechanical tests on the
pi pestill. [0009] Virtual Assay overcones this
Amcf?%{rﬁy B ¥pduifie peiel el §isoedityo dTheualeh@sfintgedslig@analyzed
gquality accurately and quickly for use in this
byteonaparing nmiultsvariatd/analyticaladata(e. gsspgetroni)edts multivariate
6,662,116 is.a nethod for, apal yzi ng an unknown )
apalysicabdata and dnspeatipns a3 Aag@ a%?n%ﬂlv%glwha Yrtlaie analytical

such as.spectr C , l.hat J .
ot PR PRFE SR GRRY o aft FRARLTS 480 18 asBprepsg materials of
tREdné BRRE CLALESBAGs A HomBls0 Rk 16 REFuLAE aIIOREHE ¥ subset of
nmeasur €ments that”™ can be made cheaply and easily on
thdeefbrenke maitealalthatanatchewthedentdininganeltivatiate analytical data
to, APl gravity or specific gravity and viscosity. The
ougRpiGMNgmewiivatiatesanahdiopl detampddaspnstiong of the unknown. The

TS RSS2 S3b8 e ncBSEi Rl
RS BB oAl L sl s

ché@s2Nsieysital ahd peffophahepoperidsyifahe FéferarenpaitefoR and
is done so as to calculate a blend of a subset of the

knefvar blnodingaeletioaslips.hat mat ches t he cont ai ni ng
mul tivariate anal ytical data or containing
nmul tivariate a_nal{llti cal data and inspections of the

own. ImapplyiecVitsuad Asspi hor gude paitheplthdperitoring, it is

materials is ih d redigt additianal chem.cal.
TRy SPRCIc eiiplr Aty vante S dyeifias® Sven Bt ipbiaion o
i 1 i . f o . .
AR BeTEADAL URLATLES, LT 8 o Lp s
adbude figr the hatithdsterpénatid0 1De bptimppitivnrigvolves setking
Assay for crude unit health nmonitoring, it is
inspection weightings and fit quality cutoff to define a range of analyses,
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deemed to be of sufficient quality for use in the health determination.

BRIEF DESCRIPTION OF THE DRAWING

[0011] Figure 1 shows a schematic for predicting crude assay data.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Crude Unit process monitoring compares actual yields and key
qualities with those that are predicted using the refinery optimization models,
scheduling applications or assay delivery tools. Suitable software packages for
predicting yields and qualities include, but are not limited to the Advance

Refinery Modeling System sold by MathPro, Inc., the ORION™ and PIMS™



necessary to optimze the Virtual Assay database
(library) for the application to allow the analyst to
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changed, it is not sufficient to determine how the specific yield pattern of the

crude has changed. This uncertainty may lead refinery personnel to conclude that
crude quality is the likely cause of plant deviations thereby effectively masking
other underlying causes, which will go unresolved. Virtual Assay eliminates this
uncertainty by providing the capability to quickly, and inexpensively determine

the yield pattern of a given crude unit feed with a high degree of accuracy.

[0014] Virtual Assay overcomes this uncertainty by providing a method to
determine crude quality accurately and quickly for use in this deviation analysis.
Virtual Assay as described in US 6,662,116 is a method for analyzing an
unknown material using a multivariate analytical technique such as spectro-
scopy, or a combination of a multivariate analytical technique and inspections.
Such inspections are physical or chemical property measurements that can be
made easily and inexpensively relative to a laboratory assay on the bulk

material, and include but are not limited to API or specific gravity and viscosity.



properties such as the APl gravity of the received
cargo to determ ne whether the crude is different from
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corrected for extraneous signals using a orthogonalization procedure described
in Brown (US 5,121,337 and US 6,662,116). These extraneous signals represent
signals that do not arise from the organic components of the sample, and include
baseline variations, absorptions due to spectrometer purge contaminants such as
water vapor, and, in the case of crude oils, water that is dissolved or dispersed in
the crude sample. The corrected spectral data is preferably augmented with
inspection data. The inspection data is converted to a linearly blendable form,
weighted, and concatenated to the end of the spectral vector. For example, API
gravity will be converted to specific gravity and viscosity to a viscosity blending
number. The augmented, corrected spectral vector for the unknown crude being
analyzed is fit as a linear combination of augmented, corrected spectral vectors

for reference crudes preferably using a Fast NonNegative Least Squares



and inspections of the unknown. The cal cul ated bl end
of the reference materials is then used to predict
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properties of the unknown using neasured chem cal,

physi cal and performance properties of the reference

mat eri al s and known bl endi ng &€l ati onshi ps. [0015]

Virtual Assay preferably utilizes FT-MR spectral data

in the 7000- 400 cm 1 spectral range. Spectra are
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[0016] Statistical tools are used to evaluate the quality of the fit, and
thereby the expected quality of the assay predictions. Various statistics can be
used to measure the agreement between the augmented, corrected spectral vector
for the unknown crude being analyzed, and the linear combination of the
augmented, corrected spectral vectors for the reference crudes. Once such

statistic is called a Fit Quality Ratio. The Fit Quality Ratio is calculated by the

following procedure:

Step 1: Calculation of R?

[0017] If the Virtual Blend is calculated using unaugmented spectral data,

then R? is calculated according to [1].



described by R Bro and S. De Jong (Journal of
Chenonetrics, Vol. 11, 393- 401, 1997). The Fast
woooblezgIP? ve Least Squares al gorithm may be uskCI/uB1005/629667

an iterative algorithmthat adjusts scaling of the
spectral part of the augnented vector until the
coefficients for the blend sfhvto a value sufficiently
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[2]
Aua) and  Auve) gre the volumetrically blendable forms of API and viscosity, ‘
and War and Wvsc are the weighting factors for the two inspections. A and

Ao are the estimated blendable forms of API and viscosity calculated based on
the Virtual Blend. A similar expression for R? is used if volumetrically

blendable forms of API or viscosity are used separately in the analysis.

Step 2:

[0019] A Fit Quality, FQ, is calculated as:

FQ =c%1-R? [4]



then R2 is calculated according to [I].x"is the

corrected spectral vector for the unknown crude being
wae@bp2zeg and x"is the cal cul ated corrected sSPEDUS2005/029667

for the "virtual blend", /is the nunber of frequency

poi nts per spectral vector and c is the nunber of

non-zero coefficients for thd0Oblend. S is the

iteratively determ ned factor used to scale the

spectral data such that the coefficients sumto one.

c ¥ BBSReSSerioF nondeAiRgfibigntsfor supgioentsiih the ViAoddlehd.
APl Gravity and viscosity augnented spectral vectors

The expomzht sR2an be setl toudeat sechathantheapit fg-l%iﬂml dependsrandy on R,
vol unmetrical ly bl endable for of .ARLL and vi scosity,

butrifisppeferably say faa vake amihep @h?fﬁ&% actors for t%e
two inspections. {api) and y i ¢c) j g tne estimated

Sgl dabl e forns of APl and viscosity cal cul ated based
#Y¥he Virtual Blend. A sinilar expression for R2 is

used if volunetrically bl endable fi)?:g of APl or
[0020¢ 0si t VheFis Quealtly Reabisn HIQyis icalay g&ﬁ%&l ysis. Step 2:
[0019] AFit Qality, F is calculated as: FQ =ce ||

- RR [4]c is theFQ;@‘t_)_er nonzero coefficients for
conponents in the~VirtggCBl end. The exponent e can be

set to zero such that the Fit Quality depends only on [5]
R2, but it is preferably set to a value on the order

F & gsuziz %it@sltlaeelgy %ut([)fc%ozlfg CEE Selzictted%% itltla% aﬁgfyisgs’ w'ftg} kas 1.0
will produce predictions of adequate precision for the intended application. Note
that the values for FQC will differ depending on which inspections are used in
the analysis. Analyses for which FOR < 1.0 are referred to as Tier 1 analyses.
The weighting for the inspections in the augmented vector are adjusted to
achieve a desired precision over the Tier 1 fits. Procedures for adjusting FQC

and the weightings for the inspections are discussed in Appendix 1.

[0021] The Virtual Assay analysis is preferably conducted according to a
scheme shown in Figure 1 Assuming that the API Gravity and viscosity for the
unknown have been measured, the analysis scheme starts at point 1. The user
may supply a specific set of references to be used in the analysis. Fits are
conducted according to the three steps described in Appendix 1. An FT-IR only
based fit (step 1) and an FT-IR & API based fit (step 2) are calculated, but they
are not evaluated at this point. If the fit based on FT-IR, API Gravity and
viscosity produces a Tier 1 fit, the analysis is complete and the results are

reported.

[0022] If the analysis at point 1 does not produce a Tier 1 fit, then the
process proceeds to point 2. The reference set is expanded to include all

references that are of the same crude grade(s) as the initially selected crudes.



[5] FQCis a Fit Quality Cutoff. FQC is selected such
that analyses with FOQR < 1.0 will produce predictions
wo@RooamizaIomt e preci sion for the intended appli cBCT/U82005/029667

Note that the values for FQC wll differ depending on

whi ch inspections are used in the analysis. Anal yses

for which FOR < 1.0 are referlded to as Tier 1

anal yses. The weighting for the inspections in the
augnented vector are adjusted to achieve a desired

Thegkiesistep analysik e a%{iiﬁ rcohdiéted, arfdt theematywss baed on FT-IR, API
adj usting FQC and the wei ?ht ings for the inspections
Ganvity asd vswesity is eysmeindilx Ifithis awdysis preduges mlEier Ad¥athe
anal ysis is_preferabl onduct ed gccording to a schene
aBHYSH 1§ FOBPLIF 8D ﬂ%%%‘%ﬁﬁﬁ@@’i‘?&?“@ﬁe APl Gravity and

viscosity for the unknown have been neasured, the
(P2LS) FHSRESTER eyl B horduofi TR Y ciiPRle
PEEBEech [psifa i enaanidmuntibnaiee)
réfefeared tharage Aontthe!dank 16PAtidaSeas thetinitiilBseldctedt erudes. The

calcul ated, but they are not evaluated at this point.

threetskap drialydiasseagadm comduaed, and tize anpkygisdraged ps &&IRyAPI
roduces a Tier.1 fit, th nal ysi s | | ef.

gty sadnisoonif s wpstined 1f Booaayiis pRe TR pyes T alh the
oL, Ti fit, then the

<Rtk g o PRt b PERRHR, B DRt cr ence set i s

expanded to include all references that are of the

[ cru graﬁgfé/_@i%) at%%iﬁt@d&é&i fdtFrbduced Tedrefit, then the

crudes. The thr step anal ysis i$ agai n conducted, and
pidiesapedoesds tdpsiad 4o The tefdrRenddRiet (3 expanyled nol inalsdosll t'y
is examned. If this analysis produces a Tier 1 fit

refieeengas iy iase frome Besamesreginn(ehes theduitially seleciedapdey. The
t i%g—r%'f)’ép qllr];qﬁrsqg hsgggaa{i% Ebr?dl?ctte(goalnﬁtthg agz?l%rgis Ased o8 %fR,aAPI
Gravity and viscosity is examined. If this analysis produces a Tier 1 fit, the

analysis is complete and the results are reported.

[0025] If the analysis at point 4 does not produce a Tier 1 fit, then the
process proceeds to point 5. The reference set is expanded to include all
references crudes. The three-step analysis is again conducted, and the analysis
based on FT-IR, API Gravity and viscosity is examined. If this analysis

produces a Tier 1 fit, the analysis is complete and the results are reported.

[0026] If the analysis at point 5 does not produce a Tier 1 fit, then the
process proceeds to point 6. The reference set is expanded to include all
references crudes and contaminants. The three-step analysis is again conducted,
and the analysis based on FT-IR, API Gravity and viscosity is examined. If this
analysis produces a Tier 1 fit, the analysis is complete and the results are

reported, and the sample is reported as being contaminated. If the contamination



process proceeds to point 3. The reference set is
expanded to include all references that are fromthe
W@ 2008/0b0eat i on(s) as the initially sel ected credBEES20051629667

three-step analysis is again conducted, and the

anal ysis based on FT-IR, APl Gravity and viscosity is
exam ned. If this analysis prl@duces a Tier 1 fit, the

anal ysis is conplete and the results are reported.

[0024] If the analysis at point 3 does not produce a

ddbehotlexicbéd tHd@axifemPiIRsRite ivet erstsy faunointly still Bhe
reference set is expanded to include all references

ctlbalatat end Confitlheces hntervalsgistimasgd basedran theifiti BORy If the

sel ected crudes. The three-st nal ysi s i s again
cotamination dessexased bmapiawablg ig\@i Yglﬁ rpﬁﬂitsqpa)g e less accurate

G avi,t d yis jty is examned. |If this analysis
ﬂkﬂ“d&é’&ége%;byrﬁ]eerﬁéﬁfi t, the analysis is conplete and
the results are reported. [0025] If the anal ysis at

[(g(ﬂo?jt 4 fi9fis aﬂ%@s@éﬁ%&?ﬁt@g&sﬁ% ]prré e 4 TRE 1€ then the fits

ess procee et erence set

baIHHIEY-IROahd AIRIUBraditly (Frohes e Osat@atkl @dintI) e examined to

three-step analysis is again conducted, and the

deteaiys i angsddhese Frodue Tell fixsavihefitiod the selectcd yefiesences
exam ned. If this analysis produces a Tier it, the . .
o ARG S pRENDe TEI EWAYFE upduced T ics Jot Bhe anlysis is

00 L, £ he anal ysj Poj d 0
chimpfetd ang (e s B atEheoBkaldt i, BeciEted Yo B8 EFnlpe s
ah§t ﬁf‘ﬁgsgﬁ%n 218 BRI AniOeraBElsy € 11 deléRE@ERNIRE Bising FT-
crudes and contam nants. The three-step analysis is
TRaadM BDGgadtyeake exathinbd FThelpysiess bastinhesrchBdking fitAPdr point
Gavity and viscosity is examned. |f this analysis
Idcoules of sameileeation(s)), peipbl A fenges of same gmgprisy, apint 11 (all

oL puB g e lareies 4 ool ot 8aTk, s
oL e PN ILAE, VROl Fich artys (ERARYRETEL IR RAP!
chasey, PI-IRMenl ifits ERBn $eptihgt each point) are examined, checking fits
for point 13 (selected references), point 14 (same grades), point 15(same
locations), point 16 (same regions), point 17 (all crudes) and point 18 (all crudes

and contaminants), stopping if a Tier 1 fit is found or otherwise continuing.

[0028] If no Tier 1 fit is found, the analysis that produces the highest FOR
value is selected and reported. If the FOR value is less than or equal to 1.5, the

result is reported as a Tier 2 fit. Otherwise, it is reported as a failed fit.

[0029] If Viscosity data is not available, the analysis scheme would start at
point 7 and continue as discussed above. If neither viscosity nor API gravity
was available, the analysis scheme would start at point 15 and continue as

discussed above.



contam nation does exceed the allowable |evel, the

results may be | ess accurate than indicated by the
WO-CQR6/020027] | f the analysis at point 6 does nPECT/US2005/029667

produce a Tier 1 fit, then the fits based on FT-IR and

APl Gravity (from Steps 2 at each points) are exam ned

to determine if any of these ¥r-oduce Tier 1 fits. The

fit for the selected references are exanm ned first

(point 7). If this analysis produced a Tier 1 fit, the
Bxaalplsils is conplete and the results are reported. If

not, the process continues to point 8, and the fit

0030 s "LERADES1 HenldSuARRo A AU RSy iRl fflerated
@g%@ﬁ%ﬁzw firi ieaa FEpEtH] RBalth Mmﬁﬁfriﬂdgf@i Mior® deilddpsthef

 ocation(s)), point 10 (crudes sane

cakgilaivhsdnd optaniratibh niethbdeloggéds pivendn poppendi? 1( al |
crudes and contam nants), stopping if a Tier 1 fit is

found or otherwise continuing. If not Tier 1 fit is
[083Hd usiAnYiteraliAssapdibamy isigeuenaied wing RTeMIR spectra for 504

chidoionse et e iioubit festerber b LRUEORS G dpppendesx 1.
s‘(p%é‘EEl &Jtéﬂ?ﬁ?e54é’ﬁé‘-t34§§gf?§$§.'09fﬁ .5’%1?121 13&8!3019455% e’
salre regli ons), pol nt a crudes an pol n 1

ré@ibhs Greusled. anshgeRMieABIatInTls afel @REIAGath réeidh € cdrrect for
fit is found or otherw Se continuing. [0028] If no
basainelvdriations Hifthrotdert (gmasticg|ppdyrsomials agerusdd de she higher
hi ghest FOQR value is selected and reported. If the FQR
fregugacy regieiy andrgarthrorde eubicy pelnonigls indg othgrdwo regions.

GPEEbES ¥ o BB o or LY it b PEIHER R e
ﬁ@aﬁ bibirge diftEreARA 's%édﬁsa $ehe eﬁ@ﬂé'téjﬂr%,ts?(e&trﬁﬁl Slidlid Gvater

continue as di scussed above. If neither viscosity
an®smAbthedrtaveducevihsiraoddd labelepridrite genatayimigsths cbhagvetion

v\ggtlgyg E;tg[%g |02tlipo%]otgoigl ?gr?ec%i%rlllt\;erégoers %?e gégecrgtsé%leigcluding the
13 polynomials, 2 water vapor corrections, and 2 liquid water corrections. The
spectra for the 504 crude oils are orthogonalized to the 17 correction vectors.
The spectral variables are augmented with volumetrically blendable inspections:
API gravity is converted to specific gravity and Viscosity at 40°C. to a viscosity
blending index. The volumentrically blendable inspection data is weighted as
discussed herein below. During analysis, the spectrum for an unknown crude
would be orthogonalized to the 17 corrections, augmented with the same

weighted, volumetrically blendable inspections, and analyzed as a nonnegative

linear combination of the augmented spectra for these 504 reference crudes.

[0032] The specific gravity is weighted by dividing by the reproducibility
and multiplying by a weighting parameter. The reproducibility for the viscosity
measurement is assumed to be 7% relative. The reproducibility for the viscosity

blending index is calculated by converting the viscosity of the sample beihg



[ 0030] Exanple 1 denonstrates how a Virtual Assay
Li brary is generated and optim zed for use in
woeemti’hd Health Monitoring. Mre details on PEEUS2005/029667
cal cul ation and optim zati on nethodology is given in
Appendi x 1. [0031] A Virtual Assay library is
generated using FT-M R spect-rld for 504 crude oils
usi ng the met hodol ogy described in US 6,662,1 16 and
in Appendex 1. Spectral data in the 4685. 2-3450.0,
aB@AyBe Opi4Admiid 318%0ehtih@4b.22viscosityrending iadex tsdthking
Lengendre polynom als are used in each region to
theoatysebute diifetsase betvecondhe dvp walcutated indicefer The usco3iEy
olynom al s are used_i.n the. hi gher fregyency .regjon,
bleadiniinder 1s Aivaded byighis palaiafrd rrespducifitlity ahgunglinlig o
[.ONs ctions are al so generated for water
V‘{/"’%ﬁ?‘%%‘gﬂ{eﬁ%m d water dispersed in the crude oil.
The difference spectra used to generate the spectrum
i qui W 09 [2191eN 8 :
[ﬁsngl pr?gr 0 é@@r ati n%%ﬁéﬁ%‘% ?ecti g%ﬁ\?ke)gttlg?i sn§ ﬁs:&‘uon data

ateod@brrained Oising Hoass ahlidaisreptocedutee Eavhsofathe 504 crudes is
enerated incl udi ng the 13 polynom als, 2 water vapor
takenras of dislibrany and langlyzed aaifdit wese aasmkoawn cride using the

SDR ESmiinh FeltanR v L6¢ BICest HreBpaied ot 1A upk cech bgude is
i i | ; ; .
SAPER i 5 B Ly AR Pt o

oMES Gfinbir¥fedénctSWat @ fdnY tECHThd locatiends fig: értideXhatNogs left
vol unentrically bl endabl e inspection data is wei ghted

oat otice asBRadfdrenadsthitedroirorihe sgmanegipsias the émde that was
AR BT R A R
BT b datcaled B4 R Akt hRTe IR Relel MR UiEn ARy
PRARE SR oo mpaniel sy SR Sogy properis
Foh gipesfifl dgtalth bhdnitoring, volume percentage yields for various distillation
cuts are predicted and used to set FQC and the weighting parameters using

procedures discussed in Appendix 1.

[0034] The cross validation procedure is repeated using different values for
FQC and the weighting parameters until the desired performance is achieved.
For this example, the target performance was that the average yield predictions
be within 1.5 volume percent 90% of the time for Tier 1 analyses (analyses with
FOR< 1.0). The standard error of cross validation is calculated for each
distillation cut, multiplied by the appropriate ¢ statistic and averaged. The

. weightings for the inspections are independently adjusted so that the prediction
errors for API Gravity and viscosity for the Tier 1 analyses are comparable to the
reproducibilities of the inspection measurements. For the library in this

example, an FQC value of 0.007989 and weighting parameters of 1.4 for API



and nultiplying by a weighting paranmeter. The

reproduci bility for the viscosity neasurenent is
w@s®anexive o be 7% el ati ve. The reproduci bi | it yPE¢DUS1008029667

vi scosity blending index is cal culated by converting

the viscosity of the sanpl e beinganal yzed plus and

mnus 3.5%relative to a visddsity bl endi ng i ndex and

taki ng the absolute difference between the two

cal cul ated indices. The viscosity blending index is
Gihvitgedd B2 fdiiiscitg watased epgentraictht idaya shiodvn in Table 1.

multiplied a weighting parameter. [0033] The FQC val ue

Zéﬂ@fttlnﬂeS%pgldesmgo réra@ab@ﬁ:St he inspection data
are determ ned using a cross validation procedure.

G5 b ben il oA SSBi i St
oD e RS R BB IROSR By vl

cfug %%%B%C@s%d%r [N ¥ FABHRS HdISn&hhée if 185 %"ﬁﬁ)bablhty

out, once using references that are fromthe sane
1dvet & nged, &swétEiee 1 dits vilidie otrtainedf butatloser aigeeemisitrvaill be
references that are fromthe sane region as the crude
achigvedvhetwashntthe WA pamc@@@%an;hmwau 4SSy measuremente
l'ibrary. For each anal ysis, a "Virtual Blend" is
cal culated and a "Virtual ﬁyl predi cted. The

we VLSS Byeto Ctéafg’&? e Facﬁgfagee@efd‘éérr Bifachnfes

haoalth nmmnitar: Ny

valdishilatignsent | ol onu%?l';l gqraé‘gﬁr edi 5?%{13 é’E(?fi §x SECV
ighting paraneter s Gressy aliﬁatwad Ires
di scussed in ADDend]Dﬁgl'.BeSF@h):Mhefthe cross validation

Ipglaciggin Naphthae pqoiital BsilingPdinf f #6@&nt val 08s for FOQC 1.7
M8dukNeirya Ntphinad par angg@pso until jthe degjrr ed 14
e, ViR R phtRa 29 eVedyps4-875TNi s axanpl epgihe fargetye
Kerosene. '1’”'2;“\ vars tfat TG a0e YIIeT T PTEE CIT O P
J_ L. J V\JI Tl Q|~.I\U’\‘I :Egéo SBIGU UT CTICT lI IICOI9 II C L 1.7
Diesel 530-600 0.7 1.3
Light Gas Oil 530-700 0.9 1.8
Light Vacuum Gas Oil 700-800 0.5 0.9
Medium Vacuum Gas 800-900 0.4 0.9
Oil

Heavy Vacuum Gas Oil 900-1050 0.5 1.0
Vacuum Resid 1 1050+ 0.8 1.5
Vacuum Resid 2 900+ 0.9 1.8
Average 1.5
API Gravity Whole Crude 0.26 0.51
Viscosity at 40°C. Whole Crude 3.4% 6.7%

[0036] The following examples illustrate why API changes alone are

insufficient to determine yield changes in a crude.




FQR 1.0). The standard error of cross validation is
cal cul ated for each distillation cut, nultiplied by

W b@eapyipopri ate t statistic and averaged. ThePCT/US2005/029667
wei ghtings for the inspections are independently
adjusted so that the prediction errors for APl Gavity
and viscosity for the Tier *Ilfnal yses are conparable
to the reproducibilities of the inspection
measurenents. For the library in this exanple, an FQC

Bxamgegf 0. 007989 and wei ghting paraneters of 1.4 for
APl Gravity and 3.2 for viscosity were used to generate

BT U S i i s

d&ﬂf&&ﬁ@'&dm%szpi VERLL % nﬂbfﬁe@eﬁqbb@iﬁa%ﬂyl dséay &ﬁfféﬂ%rfceéiﬁiﬂ >0.5

addi t1onal properties can be used in“sett’ing

nhftfegs arretcomsinleadd to by ohide! labomtoryl Isprdnhlcﬂﬁhty afimi therefore
selecting the t statistic, For instance, if a 95%
signaeait). Kie yieldbpatiesn yeasdletgraviaed by dyirtal Asgam In both cases

ob&ai A df}w%%ﬁs'pf i Cf ﬁg &Tﬁﬁgeﬂﬁ %B? gaggr ?ﬂulvalent toa

g?s'ﬂit able 1 Virtual Assay Prediction of
IWM? er c%nt gge Yields for Tier 1 Analyses [0036]

The followi ng exanples illustrate why APl changes
caa!r @q wsqna@awdwo%mh@e@eterm ne yield changes in a

e. Exanpl e [0037] In this exanple, two cargoes of
sarre gmgde cr ude exhibit significant differences in
Capgo Leras incrensedhipg 1 .4rmwabers| abor at ory assay

(differences of >0.5 nunbers are considered to be
out si de | ory repraq and t heref or

[le. ficd g)oyrlg‘flﬁ éoryﬁhsn’angﬁﬁéi%&%ir%ge Qels s shn pylow. Yield
il O SPispele PRRIAERTTE P et H4fRuaORS Rbuifoifiticy and

ﬂh&@ﬂfr@gfgﬂﬁ%ﬁtl Ilation. Cargo 1 has increased by 0.9

nbers
Crude 1
Measured Yields Yields | Yields | Yields | Yields | Yields
Crude Light Ends | Naphtha | Kero AGO VGO | Resid
ﬁPI Gravity __VPCT VPCT | VPCT _YPCT VPCT | VPCT

Cafgo 1

2434

2043

29.8 1.18 14.02 14.64  25.39
Cargo 2 30.3 1.28 25.16 14.29 1490 2494 1944
 Deltal -0.9 -0.3 0.2 6 -0.2
Delta 2 -1.4 -04 -0.1 0.7
[0039] As can be seen from the yields, there is no set pattern to changes that

can be predicted from the API increase. Without the use of Virtual Assay these

expected yields would remain undefined. Virtual Assay provides a basis for

comparison with the yields from the unit, which would not be otherwise

possible.



Cargo 2 has increased by 1.4 nunbers [0038] The yields
for the major boiling range cuts are shown bel ow.
woe@ba2xpd f erences of >1.5% are consi dered to BPET/US2005/029667
out side | aboratory reproducibility and therefore
significant. Crude 1 [0039] As can be seen fromthe
yields, there is no set pattd7na to changes that can be
predicted fromthe APl increase. Wthout the use of
Virtual Assay these expected yields would remain
Exagefd ped. Virtual Assay provides a basis for
conparison with the yields fromthe unit, which would

g DL TR BB 7, vt

h$AGH 2ty g}l?)@ff&t ?stﬁ&étﬁ%ﬁl&%ﬁémﬁéhﬂ) vetduS @hé Yaboratory assay. A

sighific versus t aboratory assay. A Virtua

VAgealYAYRAS W peaforatbdoon esuthofothe shmpiesmdlsasn tesseearfrdm the
seen fromthe data, altho&gh_the APl has changed, the
datat althoaighythe |APIofast dhangedidBe intsrnabyidld of the eaidediap mopbeen

AR b s S S 580
e N e T

a was

pfddiclBd fidwh Bk IMbbidialy ASePHashoNsdide) a thirpe@uhe crude. Using
liTkely be a fal se assunption. Crude 2 Measured Yl ELDS

VitEalDSssdly ShD® s YhaL B woEldDiketRUDR fiskssrashamgson. AGO VGO
Resid APl Gravity Vol une % Vol une % Vol unme % Vol une %
Volume % Di fference Virtual Assay (VA) neasured in
Refinery 1 (Rl) or Refinery £Crude2

Measured | YIELDS | YIELDS | YIELDS | YIELDS | YIELDS

CRUDE Naphtha Kero AGO VGO Resid
API Gravity |Volume % | Volume % | Volume % | Volume % | Volume %

Difference Virtual Assay (VA) measured in Refinery 1 (R1) or Refinery
2 (R2) versus laboratory assay

Cargo 1 R1 0.60 0.52 0.54 0.35 -0.60 -0.79
Cargo 2 R2 0.60 0.40 0.08 -0.15 0.05 -0.44
Cargo 3 R1 0.60 0.99 -0.04 -0.39 -0.47 -0.39
Example 4
[0041] This is a more extreme example where a significant volume of data

was recorded for a highly variable crude. As can be seen from the data, this
cfude exhibits wide variations in API and the resulting yield changes also exhibit
significant variation. Using VA, refinery personnel can track the expected yields
from the crude unit and thereby monitor performance. In the absence of VA, it
would be difficult to determine how much of the difference between actual

performance and predicted are due to the changes in crude quality.



2 (R2) versus | aboratory assay Cargo 1 Rl 0.60 0.52
0.54 0.35 -0.60 -0.79 Cargo 2 R2 0.60 0.40 0.08 -0.15
W@2@5/020914 Cargo 3 R1 0.60 0.99 -0.04 -0.39 -BCHUS2005/029667
-0.39 Exanple 4 [0041] This is a nore extrene exanple
where a significant volune of data was recorded for a
hi ghly variable crude. As canddbe seen fromthe data,
this crude exhibits wide variations in APl and the
resulting yield changes al so exhibit significant
variation. Using VA ry personnel can track the
expect efMsgsaeds WELRH § NEERSdeYIBHPS a?ﬁ"&ELPﬁeré( DS | YIELDS

: d
moni tor g vgﬁrgg Zlv O\;ane%, 93@% Ty Slfglu(gi%% [;ltplym C) Uoine o

% ween %ﬁﬁ? Vi £ rkgea%edg? %f
angegsin cry %gg I5|0ty Cry

YI Yl E és Yl Elg I

N@@bha Kesa AGO -¥@O

%Cdaoime %2.¥ol ume0% Vo

quatgeél Aséﬁy ( VAD- Bms
ESJP tory éssay 1

2 Carg 42 3.

3ca oé) 0.80-3.7

- Bago 1 O 033 1.5

1C&g218 Cargo 6 -
7Ca@0 B -0.-84-4 0
Cargo 14 -2.3
Cargo 15 -2.2
Cargo 16 -2.9
Cargo 17 -3.3

s a0 moa Qg
01!\:0)0\19(_&0;00

Cargo 18 -3.5 -0.7
Cargo 19 -3.4 -0.8
Cargo 20 -3.6 -1.0
Cargo 21 -2.8 -0.8
Cargo 22 -2.9 -0.7
Cargo 23 -3.0 -0.8
Cargo 24 -2.0 -0.6
Cargo 25 3.7 0.6
Cargo 26 2.8 0.3
Cargo27  -0.8 -0.2
Cargo 28 -0.5 -0.3
Cargo 29 -0.5 -0.2
Cargo 30 -0.6 -0.3
Cargo 31 2.4 -0.5

Plant Utilization

[0042] The following are examples of how Virtual Assay information can

be used in plants to monitor/troubleshoot operations:

e A refinery experienced a shortfall in expected lube production
while processing particular crude. Using Virtual Assay, they
were able to determine that the crude had changed and that the
lube yields were lower as a result of the crude and not from plant

operation.



Cargo 8 -2.9 -0.8 -4.3 0.4 1.0 1.3 2.5 Cargo 9 -2.1
-0.6 -3.30.40.70.82.0] Cargo 10 -3.0 -0.8 -4.2
wW@2®602999.3 2,6 - Cargo 11 -3.5 -0.8 t -4.5 OrOr/0S8®05/029667
1.5 ! 3.0 Cargo 12 -2.6 -0.7 -3.7, 0.3 0.8 1.0 2.3
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e A third refinery experienced an unexpected increase in gas oil .
production off the pipestill. Using their Virtual Assay results and
confirming these with Virtual Assay results from a fourth
refinery, they determined that the crude was not significantly
changed. This allowed them to convince the plant operations
personnel that the cause for the elevated gas oil production was
unit operation, and thereby allowed the problem to be rectified
more quickly.
Work Process
[0043] Developing an accurate representation of crude unit feed using

Virtual Assay can utilize quality measurements taken at different points in the

crude handling process. A Virtual Assay may be performed on a crude sample:

e  Taken upon initial discharge from a ship into the refinery.

e  From a pipeline delivered batch into the refinery or outside storage tank

e  From the refinery crude tank, which may contain a mix of crudes or heels
from previous grades stored in the tank

° On the transfer line inlet to the crude unit

[0044] How these measurements will be used in the work processes is
determined by the complexity of the blend feeding the crude unit as well as plant

configuration.
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Utilization [0042] The foll owi ng are exanples of how
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nmoni tor/ troubl eshoot operations: A refinery

experienced a shortfall in expected | ube production

whi | e processing particul ar <dude. Using Virtual

Assay, they were able to determ ne that the crude had

changed and that the |ube yields were |lower as a

[0e43]l t oThehpmatityudkthendrtnal askay oamplant ampigrednditfonal upon an

_Another refinery experienced a reduction in naphtha

intemnadlyf ganeratad maensurshefrthe qualitsef the reswle pi pesti | |

feed was anal yzed by Virtual Assay. The results

confirme hat. the feed was.n signi ficant changed
[dedalus t%eiﬂea ipresplf 1%%@3990% %qvlmleﬂtpmi%ﬁéafmy(;assay in
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igﬁﬁ?@ﬁﬁeqﬁli{ S@sShcen gas oil . production off the
pl pestTl 1. Usi ng&{fhei r Virtual Assay results and
confirmng these with Virtual Assay results froma
MethotH +Efideamgasurb@gneony thieroeudd hait inlbetransfeielines
not significantly changed. This allowed themto
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réetiad virtual asshytio deemydab rgweskrithiee petabl guality ofehe crude
rectified nore %ui cklg. Wrk Process
feeding the unit. The Virtual Assay information can then be used directly to

compare with actual crude unit yields to determine whether the crude unit is
operating within the defined optimal operating envelope. Any deviation
between the predicted operation and observed operation can be explained by a
difference in operations and not as aﬁ unknown deviation in actual versus

predicted crude quality.

Method 2 - Crude measurement from a tank

[0048] The Virtual Assay from a crude sample that is taken from a tank can
be used directly if:

A) The tank is deemed to be well mixed and the sample is representative of the

entire tank mixture, or
B) An all-levels tank sample is taken following the procedure of ASTM D4057.
[0049] Once the tank quality is determined using Virtual Assay, the

resultant yields and qualities can be used to determine whether the crude unit is

operating within the defined optimal operating envelope similar to Method 1.



[ 0043] Devel oping an accurate representati on of crude

unit feed using Virtual Assay can utilize quality
wore@sieEsent s taken at different points in thePCr/Usm®05/029667

handl i ng process. A Virtual Assay may be perfornmed on

a crude sanple: Taken upon initial discharge froma

ship into the refinery. Fromla pipeline delivered

batch into the refinery or outside storage tank From

the refinery crude tank, which may contain a m x of

Méthgd 3 oCriRemsadureitient freimoablemdasfaanlgd ored in the
tank On the transfer line inlet to the crude unit

[0614] H?Wefskhgﬁ%oﬁ%%‘ LB ot 2 breb@nlysx%@hdiiﬁ Gu¥e kit is
processes 1s determ ne y the conplexity of the blend
fé@edinng sifpde cmkd & twad br amrevednks ase psahto feed the crude unit then
config_urati on. [ 0045] The qual igzsof the virtual assay
thexresulting kland of cowdegiftoroibosaipbks Bwst he deteamined. This Can be
ener at ed asure qf the quali of the result. [0046
R i § ol MRl palculatign By b afik S SbSiEPe alpgid by
. . i4 the quality of the yield
‘{#@%%&?g nlng%gyov(\%?'l be used by plant personnel in
predi cting crude unit performance. Method 1 - Crude
Pg@gure t fhokls ift188e FécMed Sfudeidiinto th
[ 047] m& Sfél%)gmgéﬁngslegh?%q??or%tshe cr%gée uni tgful nl étmo ©
pipestisiiwhereimghe dride bHdsbépangediintoutsdiling saygd Factanpperform-
to represent the actual_quality of the crude feeding |
ngteevigiial assaf@f he comle oikedeterniaepredistedclailing sangseractions,

e B SRR B e S SR O e

A o s o o, e g e
dFefcate fAtlcaperhto® ¥ pipdstlly. Thélopéritionas the pipestill can then

operations and not as an unknown deviation in actual
beaostested to bring the output of the pipestill into agreement with the predicted

output.

[0052] For simplicity, the difference between the predicted and measured
yields will typically be considered significant if they exceed the estimated
reproducibility of the wet assay distillation, 1.5%. However, for more detailed
evaluation of the pipestill performance, the difference between predicted and
measured yields for a specific cut can be compared to the prediction uncertainty
(¢ x SEC in Table 1) for that cut, or to Confidence Intervals for each yield

prediction calculated according to procedures described in Appendix 1.

[0053] Crude Unit process monitoring compares actual yields and key
qualities with those that are predicted using the refinery ORM model, scheduling
application or assay delivery tool. Deviations are then investigated to determine
whether they are due to actual unit operation not being properly configured,
equipment problems, or simply due to feed quality that is different than

expected.



predi cted crude quality. Method 2 - Crude neasurenent
froma tank [0048] The Virtual Assay from a crude
wa2a0plzs7dhat is taken froma tank can be used BUT/E81005029667
if: A The tank is deenmed to be well m xed and the
sanple is representative of the entire tank m xture,
or B) An all-levels tank sam2e is taken follow ng the
procedure of ASTM D4057. [0049] Once the tank quality
is determ ned using Virtual Assay, the resultant
yields and qualities caA\PPENMDIX 1o det erm ne whet her
the crude unit is operating wthin the defined opti nal
operating envel ope simlar to Method 1. Method 3 -
[6D34]e nehsapesfertd htiodimbheoiUS6,662\1 $6 [BI) F]-IR spectra are
steps considered in Method 2 are only valid if the
usedmhecamnbinatien ieith ARdrgravisy aed wiscesiky ta predigs assayrdate for -

e PR - SE e R Bl Bt i

5 LA, o P SREAEN A EEI LR spegyafor
rfefdnddlerfisayrHis pMrehied edibddd@sdd ofTUS 66603162 hiestse

three nethods include feeding crude oil into the

eppressdd mhtheheateiallytadsd 1&r ude oil is separated into

boi ling range fractions, performmg a virtual assay of

the crude oil to determ ne gredicted boi li ng range

fr 'ongg conparing ,t he fcteg boiTing rapge

fraqti onswi t h| t he sépar atled] poi Il i,fig range frdctio

e oer R d| Wierkoes \Qet Werpdl den t we Wiatihong| | 1]
an orrekatin he dj fferjen Wit operation, of t

pi pad itk OFae| op¥hvattugie Wypita@uoi| || Waetitish| he
corrected to bring the output of the pipestill into

agreenent with the predicted qutput.
W%ere %.=Xc,, Aygaen=Aurnc,, and A,iso = Awisoc, [1b]

2

y

x, is a column vector containing the FT-IR for the unknown crude, and X is the

matrix of FT-IR spectra of the reference crudes. The FT-IR spectra are measured
on a constant volume of crude oil, so they are blended on a volumetric basis.

Both x,and X may have been orthogonalized to corrections as described in US
6,662,116 B2. x,is augmented by adding two additional elements to the bottom
of the column, wapid,apn , and Wyisedywiso) - Ay and  A,oisey are the
volumetrically blendable versions of the API gravity and viscosity inspections
for the unknown, and Awrny and Ao are the corresponding volumetrically
blendable inspections for the reference crudes. wyp and w,, are the weighting
factors for the two inspections. The %, and iu values are the estimates of the

spectrum and inspections based on the calculated linear combination with

. coefficients c,. The linear combination is preferably calculated using a

nonnegative least squares algorithm.



[0052] For sinplicity, the difference between the

predi cted and neasured yields wll typically be
w@omvsioeBsped significant if they exceed the estPCEHUSH05/029667

reproduci bility of the wet assay distillation, 1.5%

However, for nore detail ed evaluation of the pipestil

performance, the difference -28t-ween predicted and

nmeasured yields for a specific cut can be conpared to

the prediction uncertainty (t x SECin Table 1) for

[60553 cutn US 6,66%216 BB k€ visobsity ahia vked i¢aglouddtigdl, vi and
i ction cal’cul ated according to procedures

Aeschiubesk meadrpeadibe samd gRrattre)dadldre copvatab® a
nonitoring conpares actual yields and key qualities

Viisadsity Risedinga¥umber psingithe ralaticniship t he refinery ORM
nodel , schedul ing application or assay delivery tool.
Devi ations are then investigated to determ ne whether

they ar§/pjgd Lo p I n not bei ng
properlyconfl gurgfjmoq%mén‘ggt pr or sinply due 2]

to feed quality that is different than

[6036]Ct edFHPENbYtleslah @RERD dSn, the patiesteed ieirbori ramgé of 0.6
of US 6,662, 116 B2, FT-1R spectra are used in

t@ 0rbi Fmt\nmosmasﬂemhag lafi is typivally sEpeissegd ava prrcticgt of
assa ta rude qils. The FTIRspectra of the
Vlﬁﬁ?ﬁé&mg’cﬁ%@gqugl ngHgRARE €dS &VER BY¥he i nspection dat a,
“and fit as a linear conbination of augmented FT-IR

speqy, 09‘88‘65&4[@1‘499?% 09906%v> - DV63 18V 6f B:D998s [3]
enbodi ment  of ,662,1 16 B2 can be expressed

405 Hc)  viFier geilpﬁsgs[@éf US| GGG B 0 ivention e
PRSP > e D the PBRBFIET Bk ?ra&é’ 1T aCosiies seeiagsumed
& Bfend on a weight basis, the VBN calculated from [13] would be multiplied by
the specific gravity of the material to obtain a volumetrically blendable number.
The method used to obtain volumetrically blendable numbers would typically be
chosen to match that used by the program that manipulates the data from the

detailed analysis to produce assay predictions.

[0058] If viscosity data for the reference crudes is not available at the
temperature for which the viscosity is measured for the unknown, then equation

[1] cannot be directly applied.

[0059] For crude oils, ASTM D341 (see Annual Book of ASTM Standards,
Volumes 5.01 - 5.03, American Society for Testing and Materials, Philadelphia,
PA..) describes the temperature dependence of viscosity. An alternate way of

expressing this relationship is given by [4].

VBN (T) = log(log(v(T")+c)) = A+ BlogT [4]



matrix of FT-1R spectra of the reference crudes. The
FT-IR spectra are neasured on a constant vol une of
weewdo29d, so they are bl ended on a vol unet r i BCOES1085/029667

Both xu and X may have been orthogonalized to

corrections as described in US 6,662,116 B2. xu is
augnent ed by addi ng two addi-24enal el enents to the
bottom of the columm, WAPI U(APD , and wy, -se

| H(y,-sc). 41 (apo and (v"c) are the volunetrically

[dUG®}dabl & iy @iesitRBRItO ferhperaAlt igP@voi SR aMie PasaastetsyA and B
i nspections for the unknown, and A(APD and L v c are

atehmlodatedyoed bn ditting (iefor ivésdositics inagasatedeati thspelcoth s
for the reference crudes. wWAP! and wisc are the
ISRRPYRATSY factors for the two inspections. The xu and
lu values are the estimtes of the spectrum and
' ect cul ated |inear, conmbi nati.on

[ based on.fhe cal
[QfRR°C o cirtfe avosLt eTyBoiL B aptilY S iRk for
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WAL 205K, S ST Bt [ PSR s B o atterna
tive$6a5bé Mppiddd Bigadeduntionl [@] lcat begpplied &nthefvistssitytdata for
measured at the same tenperature, and are converted to
the Méferense cyndes endaloglauviperndasatribe temaperaiuae abmdigipthgBN
a +blog(log(v + ¢c)) [2] [0056] .For vjscosi.ties apove
u&k@‘ﬁs’g VISOQ8Lty yas r?é%aéilffé- s{)ﬁfh £%1ﬁ8f¥9£11‘é‘é0%$t1%? %“ ttge feigrences
For viscositie exs than - Gt ypl Gal 4 r
atzoingtpREH SHEDR Mt ol Sodkuilh R B YA GRS €65 the
i : = - Q. v .
TG T g sat MR PRty S AT B I g Spotrom, or
tfe BPAR trBgh antAPDiGravity enid Breantbeaispdimoeidinatidswith the
set to and the paraneter b is set to 1. If
maasaredi visesityite esigmatesaiviscosity of the unknown at a common

reference temperature.

[0062] The following algorithmic method has been found to offer

advantages for the analysis on unknowns:

Step 1:

In step 1, no inspection data is used.

min((%, - %) (2, - x.) 51
where X, = Xcyen
[0063] Equation [4] is applied to nonaugmented spectral data to calculate a
linear combination that matches the FT-IR spectrum of the unknown. A non-
negative least squares algorithm is preferably used to calculate the coefficients

csep1- The sum of the coefficients is calculated, and a scaling factor, s, is

calculated as the reciprocal of the sum. The coefficients are scaled by the
scaling factor. The unknown spectrum is also scaled by the scaling factor. An

R’ value is calculated using [6].
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nunber. The nethod used to obtain volunetrically
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that used by the program that25rani pul ates the data
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predictions. [0058] I|f viscosity data for the
reference crudes is not available at the tenperature
for whic At he asured for the unknown,
tRen eq irectly applied. [0059] [6]
For crude mul—sx @ ee Annual Book of ASTM
St andards, Volunes 5.01 - 5.03, Anerican Society for
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way of expressing this relationship is given by %
zaBNOE ficiehtsgfirbmgthe fit) Other)2oodngss+a&i-fit Ftafiafi¢soasid giused in
the absolute tenperature in 0OC. or OR . The
Pb@ﬁ&f&ers A and B are cal cul ated based on fitting [4]
for viscosities nmeasured at two or nore tenperatures.
0061] If the viscosity of the unknown is not neasured
Paiterrperature for which viscosity data was neasured
for the reference crudes, then two alterna tives can b
[6064]p! i eTh stEp2sthe salal speotrid] froanstbpd isppkiredtadowithehe
viscosity data for the reference crudes to calculate
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ool 30 1, R A, S 3mio Ein

(80 Bn &fiaPRE vRRs CAIcERAS Ggihk 7. Wi th the

~ T A
X SX, x
R " - (f +1-c-1)
) WaptyaPn) | | Wapidyarn WAPI/MAPI) w,mﬂ (API)
RstepZ =1- =——=N\T
SX, SX, SX,
3 . u i3 f + 1 1
W ap1 Ay (APT) Wapi Ay (APD) Wapihy, (API) WAPI/'L (API)

} , all of whose

[ a :lis a vector of the same length as vector [

WapiAy(API) Wapr Ay (APT)

. sxu
elements are the average of the elements in the vector .
Wapt Ay (APD)

[0065] The scaled, augmented spectral vector is then fit using

. -%u qu i ill qu [ 8 ]
mm n - A bt
Wapidy(apn) WapiAy(aP1) Wapidu(API) Wapi Ay (APY) 2

where X, = Xcy,,,, and A,upn = AwpnCyg,, [8b]



measured viscosity to estimate a viscosity of the
unknown at a common reference tenperature. [0062] The

wo eiobo2d7o9y al gorithm c nmet hod has been found tBCDUS®N5/029667
advant ages for the analysis on unknowns: Step 1: In
step 1, n o inspection data is used. [5] [0063]
Equation [4] 'is applied to n@augnmented spectral data
to calculate a |inear conbination that matches the
FT-1R spectrum of the unknown. A nonnegative | east
squares algorithmis preferably used to cal culate the
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PP Rt o lEsa ALk sopimpagi .

r&Gpiorel Htheans tigldsibe pestiais scAlingZastor.Ukhd coefficients are
cal cul ated using [6].YLfOLJ is the nunber of points in

the spectra vector .xu , .and c| i si he jnupber of nan
sealrd TEHEPP Wish §0d 15 sehies EW ah )r:l : Qgg'a%%‘é@%‘?@@ spectral
statistics could be used in p aA(?'e“oI? R2. Step 2:

r - [ 2
velOp M rebionl P Bpedd 6 Bic8: RO PR QBERMSARASEL An R
vhitR iRkaiaavddlytedatsing j7]@andsheatwiscaling¥adty). Hfahé aemR’

vector IS calculated fromthe coefficients fromstep
valueds graater theh shé preshoyssvalve, dheacwdiit i lastepted. Fanatiens [8]

R2 val I t ed. usi 7]. ..
are agaailn %Sp{igd ﬁs?ingﬁlg ngwhlzJ ggtlggla[ed] scaling factor. The process

. . . . 2 . .
continues until no further increase in the calculated R“ value is obtained.

Step 3 using Viscosity Blending Numbers

[0067] If a viscosity blending number based on viscosity measured at a
single fixed temperature is to be used, then in step 3, the scaled, augmented
spectral vector from step 2 that gave the best R*value is further augmented with
the volumetrically blendable version of the viscosity data to form vector

A

§X,, Xy
warid e | . Bstimates of the augmented vector, | wapd,arn |, are calculated
WyiseAuVise) WyiseAu (Visc)

using the cy,,, and the relationships in equation [1b]. An initial R? value is

calculated using [9].

~ ( A
X, SX, T X, 85X,
Wapr A, (aP1) | — | Wapi Ay (apD) WapiAy(APL) | — | Wapp Ay (APD) ( f+2-c- 1)
) Wi (Visc) Wyise A (Visc) . WyiseAu(Visc) Wryise Ay (Vise)
Rstep3 =1- e
5X, X, T X, SX,
WaptA APy | —| Wapidy(apn Wapidy(apny | — | Wapdyarn (f +2 ——1)

Wyt (Visc) WyjseAu(Visc) ) Wrise o (Visc) Wryise A Visc)

[9]
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whose el enents are the average of the elenents in the
WO ewboe37pD065] The scal ed, augnment ed spectral REDUSI005/629667

then fit using where [8b][0066] The coefficients,

cstep2 calculated fromthe preferably nonnegative

| east squares fit are summed,27and a new scal i ng

factor, s, is calculated as the , reciprocal of the

sumtines the previous scaling factor. The

coefficients are scaled to sumto unity, and the
, of the augnented spectral vector is
rec’d cullat ed based on these nornal i Zed coefficients
anpALBb]is avecRar ofahasaire lengthrasqab.eud)@tdd wisisagldmgnts are the
and,the|new scaling factor. If t Ul(m) val ue is
gr‘”éﬂ“t(vé“ than the previous val ue, new fit is

accept ed. Equati ons [8]sx,,are agai n appl i ed using the

ctor. The process conti nues

aﬂ%\gfgfg Og?l“% ﬁ'{?%?s [ ncr’ggg(épl) n the cal cul ated R2 val ue

i s obtained. Step 3 Waihgs<M scosity Bl endi ng Nunbers
[0067] If a viscosity bl endi ng nunber based on

RG0S AR bl et bRELEL EF ARTIALEE o T

spectral vector from st 2 that gave the best R2
val e i g, furlt her setyg tfed wi,th th v&k,,urre nically
bl eindablse var si on Vi s os y ormyv r
n oy 0 |5 MR- "“”d R T il ¢ Ehlloul at gb&’_]
us idsreg| ¢phdcand) thevndloas i opehihgs b Jequat i on
[Ib]. An initial R2 value is calculated using [9].
[9] SX,, sx,. Ls a vector of the same |ength as WhCﬁS
\@eém@(cwe LoD W AR (N o GieoFa u (Vi sc) L10b]

[0069] The coefficients, cy.,3calculated from the preferably nonnegative

least squares fit are summed, and a new scaling factor, s, is calculated as the
reciprocal of the sum times the previous scaling factor. The coefficients are

A

Xy

scaled to sum to unity, and the estimate, WarAgarn |, of the augmented spectral

Wyise by (Vise)
vector is recalculated based on these normalized coefficients and [10b]. An R?
value is again calculated using [9] and the new scaling factor. If the new R?
value is greater than the previous value, the new fit is accepted. Equations [10a]
and [10b] are again applied using the newly calculated scaling factor. The
-process continues until no further increase in the calculated R? value is obtained.

A "virtual blend" of the reference crudes is calculated based on the final cy.ys

coefficients, and assay properties are predicted using known blending
relationships as described in US 6,662,116 B2.



sx,, average of the elenents in WAPI | u (APlI) Wgisc
| u (Visc) [0068] The scal ed, augnented spectral

W ewboe379s then fit using where x u = Xc 3 , KPGI/US2005/029667
(APi)cstepi , and K =L (v"'CycH [10b] [0069] The
coefficients, cstep3cal culated fromthe preferably
nonnegative | east squares fi-28are sumed, and a new
scaling factor, s, is calculated as the reciprocal of
the sumtines the previous scaling factor. The
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i ncyea in the calculated R2 value is obtained. A
[ vitt ual Rlansiaed fiohe (el STHpRACHBARRep 3, £7d e @lATbnships
b@§ﬁgm@ the final cstep3 coefficients, and assay
properties are predicted using known bIendlng
i edputionn{d bj. pAnamtmésR:zrvd&mm cqalaudagdasinglid]B2. Step 2
if APl gravity is unavallable [0070] If APl gravity
is unavail able, in step , t he scal ed spectrunlfrom

step Il i szaug edx,yvl t e %ol u r| oa) | y ndabl e
verS| ofs th —|sc qlﬂdat toform
wétscgf(vuf) Huﬁ Vﬁ? ) Visc) V,sc u(Visc)

S (f +1- 1)
WV”C/’L‘(V!SC) wVim/lu(stc) WVisc/Iu(Vtsc) wViscﬂ,,,(stc)

5X,

[ S jlis a vector of the same length as [

} , whose elements are
Wv,'sc/lu(Visc)

WviscAy(Visc)

: SX,
the average of the elements in v
WViscllu(ViSC)

[0071] The scaled, augmented spectral vector is then fit using

A T A
% SX x SX
min n - * n - ! [12a]
[([vaﬂu(wsc)} [stcﬂu(wsc):D ([vaﬂu(wm:l l:wVisc/lu(Visc):Dj

where X, = XCgepz, and Aywvisc) = Awise)Cotape [12b]

[0072] The coefficients, Cep, calculated from the preferably nonnegative

least squares fit are summed, and a new scaling factor, s, is calculated as the

reciprocal of the sum times the previous scaling factor. The coefficients are

: X,
scaled to sum to unity, and the estimate, Ny , of the augmented spectral
WiscAy(Visc)



glsc | uVisc) , is calculated fromthe coefficients
fromstep 1, and the relationships _ in equation [IDb].
w@\noosi2179al R2 value is calculated using [1 1]PCHKS1005029667

uis a vector of the sane length as , whose el enents

are Wisc u)] [ Wisc ui )] sx, the average of the

el enents in Wiscl u (Visc) -[2071] The scal ed,

augnent ed spectral vector is then fit using where x u

= X step2 , and i u(w SC)= A{Visc)Cstep2 [12b] [0072]

vaker poethlcaiat bascdsiehese abanilitedcdefficiehtseand [12b]. An R
pref erabl y nonnegative | east squares fit are summed,

value i agaiw cbailated uking [dA] 28d thenewIscaling &atters If itke new R
reci.procal of the sumtines the previ.o cali .
Vi ERCarp D SAS PRVASV e (B BPEILIS FCEHIED, Efpetjons [12a)

e N8l €. s u

R B bR yPing AP o AR REUAR folfr il
pFRRES E&h@Mles vl nb ¥akther Mrdae i kieecdlSulattdl R value is obtained.

cal cul ated using [11] and the new scaling factor. If
A hdrtnelbleadV ef the refergn@atrawdes sacalcdletedriemsedon thafinal c,,.,»

the new fit is accepted. Equations [12a] and [12b] are
cogfficieragpindedsass propetties areprgdicidaising kadown blémding

factor. The process continues until no further

reladersides andeseabedin WSa0662316B2-ue i s obtai ned. A

"virtual blend" of the reference crudes is cal cul ated
based on the final cstep2 coefficients, and assay
Siaop évltarsativi e predi ct ed usi ng known bl endi ng

[0073] In step 3 above, viscosity data for the references must be known or
calculable at the temperature at which the viscosity for the unknown is
measured. Alternatively, the viscosity/temperature slop, B, can be estimated and
used to calculate the viscosity at a fixed temperature for which viscosity data for

reference crudes is known.

[0074] The viscosity/temperature slope for the unknown, B, , is estimated
as the blend of the viscosity/temperature slopes of the reference crudes using the

coefficients cy,,from step 2. If the slopes are blended on a weight basis, the

cuepz Coefficients are converted to their corresponding weight percentages using

the specific gravities of the references. The estimated slope, B, , the viscosity
for the unknown, v, and the temperature at which the viscosity was measured,

T, are used to calculate the viscosity, v,ay at a fixed temperature T; using

relationship [13].

log(log(vyap +¢)) =log(log(v, +c¢)) + Blog(%f—) [13]

u



rel ati onshi ps as described in US 6,662,1 16 B2. Step 3
Alternative: [0073] In step 3 above, viscosity data

w0 2006023599 ef er ences nmust be known or cal cul abl BCEHUS100£029667
tenperature at which the viscosity for the unknown is
measured. Alternatively, the viscosity/tenperature
slop, B, can be estinmted andOused to cal cul ate the
viscosity at a fixed tenperature for which viscosity
data for reference crudes is known. [0074] The

TheSEes ivialld RRed 8 valeukk®peolnnetiicallybianiable Bidosity walue,
estimated s the bl end of the viscosity/tenperature
sl opes of |the«ef drence crudes using the coefficients

X s fepefindm stigpend.. Bath tinge s¢wpestiarients| gpdark calcaated, the
wei ght basgi ,/Ith,e Cstep coefficients are converted to
their corr Sp6Hdi®g wei ght percentages using the

sm?eCB fis egptiavated ®asaf on the neb bicanlcar] usEdaoealdubat @dw values
slope, Bl11 , the viscosity for the unknown, v" , and

he tenpe ure at i.ch the visggosity was asured,
ok 1B i e BhealGfug Amet, RS SR ey tRG BT 5!
fixed tenperature 7} using relationship [13]. [13] The

Svdp 2 ANtehiitivesif ARDgkavitiels Qiiladaflabletol unetrical |y
bl'endabl e viscosity value, SX 1, lu , for use in WAP 1

[@ ég ﬁlp L% g[‘dAE? %gavtlﬂé(gltse Iuglg%lf%)?%,%é ig)?@ée%lu(fes ags%%b%& %bove under

Step 3 Alternative is applied using the coefficients cy,,1 to estimate the

viscosity/temperature slope in the calculation of v,a .

Incorporation of additional inspection data:

[0076] Other inspections in addition to API gravity and viscosity can
optionally be used in the calculation. The volumetrically blendable form of the

data for these inspections are included in the augmented vector in Step 2 along

5X,,
WaptA,(aPn)

wlnxpectionl/lu (Inspectionl)
with the viscosity data to form an augmented vector '

_Wlnspec;ignl,ast/'{/u(Inxpectionl.ast)_

The calculations then proceed as described above. At each step in the

calculations, the predictions of the additional inspections are given by [14].

ﬁuu (Inspection) — A(Inspection)c [14]

[0077] Other inspections that might be included include, but are not limited

to, sulfur, nitrogen, and acid number. The value of R’* would be calculated as:



slope B 11 is reestimated based on the new bl end and
used to cal cul ate new values of W(T1l) and lu for use
w0 poocabrm ating a new R2 via equation [9]. StepCRUS2005/029667
Alternative if APl gravity is unavailable: [0075] If
APl gravity is unavail abl e, 4jhe procedure descri bed
above under Step 3 Alternative is applied using the
coefficients cstepi to estinate the
viscosity/tenperature slope in the cal cul ation of
vu(tf ) . Incorporation of additional inspection data:
[0076] O her |nspect|ons in addition to APl gravity
and viscosity can opfionally be used in the
cal cul ation. The vorunetrically bl endable form of the
data for these inspections are included in the
augnented vectok in Step 2 along Wnspection\ u
(I'nspectionl) wth the V|scosuty data to form an

augment ed vectof W nsppgtionliastsL u (I nspectionLast)
The cal culations then pr o as descri bed above. At
each step in & cal cul ati ons, redi ctions of the
addi ti onal inspectirens|are—gverby[14]. L u

(I nspecti®t)—=-H{Fnspection)C [ 14] [0077] O her

i nspections that mght|fbe ificl uded$i nclude, but are
not limted té sul f rﬂtiogen énd aci d nunber. The
val ue of R2<m6uld be betildted assi is the nunber of
|nspect|on$€used Vol Nt |§ally bhendable Vi scosity
[0078] The gokunmetrical|ly bkendabl & version of APl
gravity is spécific g§ V|ty& | f APg gravity is used as

o

.

S ,(HPE

input into thé curreni ‘-Aventien—+Ht is converted to
speci fi c gravity—priofr Tv—use——V%sc05|ty data is al so
converted to a voluneifical¢y blenéable form [0079]
US 6, 662, 116282 descg| bes §everal;nethods that can be
used to g 5 gl 2% g
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convert viscosity to a blendable form The current

i nvention also provides for the use of a Viscosity
w®k@aa2itge | ndex ( VBf). The VBI is based on theCT/US2005/029667

viscosity at 2100F. For reference crudes, the

viscosity at 2100F. is cal cul ated based on viscosities

measured at two or nore tenpélatures and the

application of equations [4] and [13]. For unknowns,

the Tf value used in the alternative step 3 is chosen

Vastumhb@fically' Bleéviduble viscoBitgndi ng Index is related to
the viscosity at 21Q0F. by equation [14]. 210 =

165315, 1059 YoftteniCuls BB RPS M Sol Bty et
g%,%@g]ﬁm 2B %Y?é HEACA InPEPIING tHtdcurerdt ifiVMRIbn, it is converted

sity can be found from|[10] using standard scal ar
taopecifie gravitynaiorow useniViseasityaiata tudlsoeonvartdd @sa t he
fm nbnd function in MATLAB(r) (Mathworks, Inc.).
vobiméiticaldy blendablsdoriton Data: [0081] The inspection

data used in steps 2 and 3 in the above algorithnms is
wei ght ed_ as cribed.in US 6,662 11 :
[ 1 cHB @3334446%& deReribgs Sﬁ‘é%gilwsgﬁa%&h?tfﬂ‘.be used to

171 0082]. i uGhi 1.i [ B
chb{ U SRERl B R ERRR e bt S SRR 88 o
RO YFRAVECLSity e AUaE I88:PEVBPOI THe VBI idbsRdUn thl&/iscosity
corrected reference spectra in"X. For crude spectra
at 21 0% tTéat referend® Gude Shemiscesity a2 XK. secaledatedbased on

be 0.005. a is an adjustable paranmeter a is chosen to
Vissositigs measwed; at swodrperedesier yutasswdrtbe application of

e R M N
i OGS Wi bt $HR e&H@édﬁt@"Blending Index is related to the viscosity at
210°F. by equation [14].

Varpep = €Xp(0.0000866407 - VBI® — 0.00422424 - VBI® +.0671814 - VBI*

16
—0.541037 - VBI® + 2.65449 - VBI* + 8.95171- VBI +16.80023) L16]

[0080] The VBI value corresponding to a given viscosity can be found from
[10] using standard scalar nonlinear function minimization routines such as the

fminbnd function in MATLAB® (Mathworks, Inc.).

Weighting of Inspection Data:

[0081] The inspection data used in steps 2 and 3 in the above algorithms is
. weighted as described in US 6,662,116 B2. Specifically, the weight, w, has the
form [17].

277-c-¢
wW=s———

7 [17]



its contribution to the fit in steps 3 or alternative
step 2 wll also change. Thus the adjustabl e paraneter
wo eneBzImei ghti ng nmust be adj usted to obtai n PCT/US2005/029667
conpar abl e results when using viscosity data at
different tenperatures. Because of interactions
bet ween the inspection data wden nore than one
inspection is included in a fit, all of the weightings
wi || depend on the viscosity measurenent tenperature,
[0082]0084 1R {Ehke veprudacibility afrthe dapectivmdsataaialadated at the level
vi scosity measurenent tenperature using a )
for Gesinkabiodidiog analazedi < inke avesagshpergiainevaréanse ¢d dhe

Ciﬁ%@éﬁ%gﬁgf?ggliﬁ?gﬂeéyg%&EFSLS&@S%?%Q Om@%ﬁ% §:2-0.25 mm
oPll eFRERSRRE P00 2jn B adbisBlePiraifld T dg gon o

obfiin MBHYSHedl @RdAdibiributionTBf Biesreliftgion dThe inspBc®@dn data from
some assay data. However, it is useful to be able to

stopeRaarel 3.he qual ity of predictions nade using
di fferent inspection inputs, and/or different sets of
references. For | aboratory application, such
[@08Far i sSixedhe nirenitndd odshavishesiky datatchenggsawith yeroperature,
.the inspection data. For_ online application, analyzers
igsontubptpamierthe ditin sieps 3 Gralipanafivesiem e Widhalee shange. Thus

navail abl e do tofail.ure or .maintenance, a it IS
B SRR st b 4 e TR bR e A el
cgﬁilp%r 116 LARMS SohdnsifE idcbyitP Hafall dpffedhet atur @088 cause
For the purpose of conhparing predictions made usl ng
oflifiteeaceiohs betysinsthe finspestion datawher aore tharsomy eispectivreis
to have a single quality paranmeter that represents the
insladed in g fisl alﬂyf &t weighpngywill depenst en thy viseosityempagugement
nunber of?.assay properties that can be predicted, it

i

eRPeIAIEcti cal to represent the quality of al
possi bl e predictions. However, for a set of key

propert i)esz.ﬁ_g('ﬂgtlge quality

wi(T )= z [18]

[0084] The values of « are determined at each viscosity measurement
temperature using a cross-validation analysis where each reference crude is

taken out of X and treated as an unknown, X, .

Prediction Quality

[0085] Predictions made using different inspection inputs, or different sets
of references will differ. Inspection data is included in the analysis only if it
improves the prediction of some assay data. However, it is useful to be able to
compare the quality of predictions made using different inspection inputs, and/or
different sets of references. For laboratory application, such comparisons can be
used as a check on the quality of the inspection data. For online application,

analyzers used to generate inspection data may be temporarily unavailable do to



paranmeter can be defined. [0087] The Fit Quality (FQ
is defined by [19] . f(c, f , i) is a function of the
woeovber37en nonzero coefficients in the fit, c,PECHBS2005029667
nunber of spectral points, / , and the nunber of
i nspections used, i. For the application of this
invention to the prediction-8#-crude assay data, an
adequate funtion has been found to be of the form
[0088] The e exponent is preferably on the order of
fA1ud or nidihtenandd, autl at ®dckirablettb &ndiy hawuke absehee of shep
in the calculation. AFit Quality Cutoff (FQCM is
imgpecthenidaterinflhenes $bd gualitysrhthe ppedictigns: he
calculations, i.e. for the analysis based on only the
FT-IR spectra. The FQCmis sel ected based on sone
[0A86] num p&et thepinpeseof e@mparing\pradictipns mage msing ¢lifferent

S Sy dak s relreble RO Rer o S ghinap e th
e RaElEn ST BRARN AL BRechea 811 O MR DY 88 mumber of

A5 Prbp& tiel thaCaH bR Gre@iltadl, @db ¢inpesitAN® réptdient the quality of
adi ??e?%nt I nput s. Tﬁjét cutoffs arg used toﬂégefi ne F(g? Y

all Roésibleaprtd{cdioas] Hiveser HQRawsal abkenpropehiiesiasingld quality
gquality paraneters that allows anal yses nade using
P@Iﬁ%@f@%‘?ﬁnb%éﬁéﬁq-on inputs and different reference
subsets to be conpared. Cenerally, analyses that

roduce | gwer_ FOR val cap be ex ed to produce
[Q87dr al | y Thsdat BUWa&;eé)p’rs ’é‘leflgh'gﬁ%gil mlarly, two
anal yses nagf usi ifferent inspection inputs or
Gfé

differefA€ = Blubsets that produce fits of the [19]
same FQR are expected to produce assay predictions of

i m La : I i -
o 5 JORHLAF of B ATt ot R, P . ., e
nfsifé*btggtrdéfis.peég‘rﬁf k)hiéﬁ% sé Zagﬁd e AGRBYr BF R§Ictibhs iRed, i. For the
application of this invention to the prediction of crude assay data, an adequate

funtion has been found to be of the form

FQ=cE\1-R? [20]

[0088] The ¢ exponent is preferably on the order of 0.25. FQ is calculated
from the R° value at each step in the calculation. A Fit Quality Cutoff (FQC)g)
is defined for the results from Step 1 of the calculations, i.e. for the analysis
based on only the FT-IR spectra. The FQC)g is selected based on some

minimum performance criteria. A Fit Quality Ratio is then defined by [16].

FQ

FORy = FQC
IR

[21]

[0089] For steps 2 and 3 in the algorithm, FOCig ap; and FQCig apy vise.
cutoffs are also defined. These cutoffs are determined by an optimization

procedure designed to match as closely as possible the accuracy of predictions



predictions fromstep 2 (FT-IR and API Gavity) and
step 3 (FT-IR, API Gravity and viscosity), the FQC
WO 2006023799 sel ect ed such that the predictions fRPECT/US2005/029667
sanmples with FQR values |less than or equal to 1 wll
be conparable to those obtained fromstep 1 (FT-1IR
only). The weightings for in$pections are
si mul t aneously adj usted such that the prediction
errors for the inspections match the expected errors

rfadE ushf theld@fferdit ifmds. Thoeufdds atelused taddfind FgR i Aand
wei ghtings can be adjusted using standard optim zati on

FpRgeduses. [0092] Anal yses that produce FQR val ues
| ess than or equal to 1 are referred to as Tier 1
fits. Analyses that produce FCOR val ues greater than 1,

[0090]1 essThésenFOR eajued aredha d§s1mdeq1r@ft§ rp:aé@nct@matéxatralé@ws
2 fits. nf.i de elntervals 3 det er i n
agalysaeuineds BHGa oo SORPECH MY @Lfadﬁff‘ererﬂore?‘%rgecrg sitlgets to
r 0
bB B RaT opeb Al Datties o tBhe Iy PR Bt con be
£ BE BEN@ 11§ HRGR HRE8ratd Pretli@RsHse Bi ﬁﬁIa@EﬂWVb
ebet mée‘gﬁﬁg&g'#le r%c%(eg groperty aorp{ he unksnovbn and the
anallyses mhde¢ using differend dspectiéoh ifputhendi{feront refgrence subsets
subjected to the reference anal The confiden
tharﬁ p@@drme&ltﬁ@;f thesame FéHe ﬁr%/e)ﬂsec{eéi forRIedHCcRassay m%ilt?'il‘élilﬁ of
(g? The general formfor the confidence interval
S’ul‘%ﬂar CEPEe

is a function of the error in the
reference property nmeasurenent t is the t-statistic

t he | ec bili I | and t
481 cos The FRLES e ol 1Y Gl s €l W sl on
péﬁaﬁﬂ&r& da¢hiat 120BrifkallsbEoPAREY promRibER GRSl OP6Ethe assay
reference property” error dependence is
pmmm frc[)ﬁh%dﬂ 2ReT-Bomhd AP iGGraviif) aid steprBv@i-IRNAPD Gravity
the prediction of crude ass data, the foll ow ng
apdvissosity ) Hee EEWT valen sesalpgied vaeh Hisy 1prsditions dor sumples

With ¥ Q?i values less than or equal to 1 will be comparable to those obtained
from step 1 (FT-IR only). The weightings for inspections are simultaneously
adjusted such that the prediction errors for the inspections match the expected
errors for their test methods. The FQC values and inspection weightings can be

adjusted using standard optimization procedures.

[0092] Analyses that produce FOR values less than or equal to 1 are
referred to as Tier 1 fits. Analyses that produce FOR values greater than 1, but

less than or equal to 1.5 are referred to as Tier 2 fits.

Confidence Intervals:

[0093] In determining if a particular assay prediction is adequate for use in
a process application, it is useful to provide an estimate of the uncertainty on the
prediction. The Confidence Interval expresses the expected agreement between

a predicted property for the unknown, and the value that would be obtained if the



useful estinmates of prediction error: Absolute Error
Cl: [23] Relative Error Cl: [24] a and b are
w@a0anel7ey s that are calculated to fit the errBCT/US2005/029667
di stributions obtained during a cross-validation
anal ysis of the reference data y is a neasured assay
property, and y is the corres¥ondi ng predicted
property. Which Cl is applied depends on the error
characteristics of the reference nethod. For property
udRhewwhesre shbjctaf ©r s eefermicaaabisinr The coxpidenedintervals for
be independent of property level, Absolute Error Cl is
eastepiroperty ip astiunatest asn funcrion®f HR. property data where
the reference nmethod error is expected to be directly
proportional to the property level, Relative Error C
i s uddg.gensral fon et W@Cﬁéﬂ%‘?@t%%l 1ef er ence net hod
error i s expected to depend on, but not be directly

[ I I |, Absol E c
< okl ha WEOR 3 HGvD can be nonzero. [0095] For . 122]
i nspection data that is included in the fit, the
BB RS BB ek, B oAl el R
Cl for. i ti - 126] E [ '
tispBhed SR 66 sReReEpbarlty ey ol e ABRberE: didgees of
f qgg@fﬁgﬁcﬁf %]da%dl epaemk sﬁfndﬁﬁ?d@&iﬁﬁ@ﬁb‘f th¥RUiction

applies to inspections such as viscosity

rédigtifls bhiee tRf EORNasd refcharte property erroi depddence is removed.

proportional to the property level. Analyses Using

Ref erence Subsets: [0096] Wen the current invention

[06943pp! | edFok appheatioradfythisinvbniion ttethel prediotiontdferude assay
rediction of crude assay data, it is desjrable to i

dgtanthe followiag deuns ef theseqnfidence interval have been found to provide

useful estimates of prediction error:

A 2
Absolute Error CL: [~ 3| < CL,, =1-s- \/FQRZ+ [a +b( Y “ZL Y D [23]
Relative Error CI: (%?/-2- <Cl, =t-5JFOR +d* [24]
yry

a and b are parameters that are calculated to fit the etror distributions obtained
during a cross-validation analysis of the reference data. yis a measured assay
property, and j is the corresponding predicted property. Which CI is applied
depends on the error characteristics of the reference method. For property data
where the reference method error is expected to be independent of property
level, Absolute Error CI is used, and parameter b is zero. For property data
where the reference method error is expected to be directly proportional to the
property level, Relative Error CI is used. For property data where the reference
method error is expected to depend on, but not be directly proportional to the

property level, Absolute Error CI is used and both a and b can be nonzero.



in the analysis to crudes that are nost simlar to the
unknown bei ng anal yzed, providing that the quality of
wao bwenzsa tant fit and predictions are adequatBCT/US2005/029667
Subsets of various sizes can be tested based on their
simlarity to the unknown. For crude oils, the
foll owi ng subset definitions3dave been found to be
useful: [0097] If, during the analysis of an unknown
crude, a Tier 1 fit is obtained using a snaller
subset, then the follow ng advantages are realized:
[@EQSAV' r g 1n§%@d%ﬁ)n°(!£9 weRds erdiel Anak Y ﬁlev@(l)ﬂfld@l‘é@
e component simplifying and speeding t
hﬁ@h@&i@keaml%hﬂyhﬁﬂaﬁﬁmfomnoperty dat a; The assay
predictions for trace | evel conmponents which are not
directly sensed by the nult|var|ate anal ytical or
AUISRRE Bl GI%?%S?@E@MES:”HY béy eveds s sTife-ghal ysi s [25]
I's based on a ual Blend o cr ides’ mnth whi ch the
end user (the refiner) my be nore famliar. [0098]
Subsets could al so be based on geocheni cal infornation
i nstead of geographical infor _%p For appli
RetativedireesCE foraaspsctivndset s ¢ $6Eed tofr 1h'eR2 [26]
process history of the sanpl est 9] If the sanple
being anal yzed is a m xture, the subsets may consi st
&rgidﬁ%lf% d1e§ E@lr&ge@ﬁ’éns duRA k| OPEGARGLY WHER e #8fckdiRe
e conmponents i n the m xturé.
niétﬂé@éﬂrﬁﬁmtmdq[)éiﬁlbﬁﬂbf fhieepropérey dnveds Eqeation [26]epplies to
anal ysis can include common contani nants that nmay be

insipsetianssuich ashasangitIvekerp dhaipfeeary seghodrgppe s qhyecﬂy
ch .conta t t I s that t [
pSU E?lé%l gil'l%gp%seé@relgyriane“ al s at are not nornally

Analyses Using Reference Subsets:

[0096] When the current invention is applied to the analysis of crude oils
for the prediction of crude assay data, it is desirable to limit the references used
in the analysis to crudes that are most similar to the unknown being analyzed,
providing that the quality of the resultant fit and predictions are adequate.
Subsets of various sizes can be tested based on their similarity to the unknown.

For crude oils, the following subset definitions have been found to be useful:

Subset Includes

Specific Reference(s) | User selected references

Same Grade(s) References of the same grade(s) as the unknown

Same Location(s) References from the same general geographic
location(s) (country or state) as the unknown

Same Region(s) References from the same general geographic
region(s) as the unknown

All Crudes All crude references in the library

[0097] If, during the analysis of an unknown crude, a Tier 1 fit is obtained

using a smaller subset, then the following advantages are realized:



t he unknown, which are detectable and identifiable by

the nultivariate anal ytical neasurenent. Acetone is an
we@2@ap9nf a contam nant that is observed i n PEEUS0$/RI66T

spectra of sonme crude oils, presumably due to

contam nation of the crude sanpling container. [00101]

Ref erence spectra for the com8ami nants are typically

generated by difference. A crude sanple is purposely

contam nat ed. The spectrum of the uncontam nated crude

i s subtragt efhd VarmilBlesd @edduivddy theenalysis will have fewer

pur posel ycont am nated sanple to generate the spectrum

of the cont acomponentsTisanglifing ang epegshing thewwadlsulatien of the

scaled to represent the pure material. For exanple, if

the contam r$§eY PEOPSEXe3t 0. 1% the difference

spectrumwi || be scal ed by 1000. [00102] Contam nants

are tested aphé efsay paedistions forarapsdbydicongingnhehich are not

Tier 1 fits are not obtained using only crudes as

ref erences. difeatlyssensed by tlmmuftivasiate ahalytical ersinspection

references produces a Tier 1.fit en a Tier 1 fit was

not obt ai nedGAYRSTENEHBAY. BRIDRINES | then the sanpl e

is assuned to be contam nated. [00103] | nspection data

i s cal cul at €phd amalydie ivbasedain BVéndali Biehddfegudosdvith which

excluding the contam nant. |f_ the change in_the

cal cul at ed ithepadmison(tharefines) graydheemorhtamidias hal f of

the reproducibility of the inspection nmeasurenent
d, then.th l.e j id d.tq.be t .
1SS, o SBRed S5uR AL bR OB e ok lgn ippesa of
sbtapAlcal FbRAANGR AR ARlicibR 1 Pro@as sl ABscia kbuld be
bﬁ%d@dthd%@ﬁeishﬁst@ﬁﬁﬁﬁ/the%ﬂiﬁlés.based on the Virtual
0

Bl end wi thout the contam nant are assuned to be an

accurate representation of the sanple.
[0099] If the sample being analyzed is a mixture, the subsets may consist of

samples of the grades, locations and regions as the expected crude components

in the mixture.

Contaminants:

[00100] The references used in the analysis can include common
contaminants that may be observed in the samples being analyzed. Typically,
such contaminants are materials that are not normally expected to be present in
the unknown, which are detectable and identifiable by the multivariate analytical
Ymeasurement. Acetone is an example of a contaminant that is observed in the
FT-IR spectra of some crude oils, presumably due to contamination of the crude

sampling container.

[00101] Reference spectra for the contaminants are typically generated by
difference. A crude sample is purposely contaminated. The spectrum of the

uncontaminated crude is subtracted from the spectrum of the purposely-



[00104] Alternatively, a maxi num all owabl e
contam nation | evel can be set based on the above
w@eiobo2i79o f or a typical crude sanple. |f the cEtTUSBDI®ERI667
contami nation | evel exceeds this maxi mum al | owabl e
| evel, then the sanples is considered to be too
contami nated to accurately a®&-yze. For acetone in
crudes, a maxi num al | owabl e contam nati on | evel of
0.25% | evel can be used based an esti mated 4-5% change
comauiisaedishinpl®oto gattratntiPspentime of thOCaftainikar. Gheh
contam nant used as a reference, a maxi nrum al | owabl e
difésrence spasémm is thep scalad éurenresent dheputsmatesial. For example, if
cont am nant | | owabl e, | evel,., . ass
s s 1 a9t & e enertresiy Npecuatrm pESSed by
lgébinated based onthe Fit CUallty Rati o. Above this
maXi mum al | owabl e | evel, assay predictions may be | ess
accurate due to the presence of the contam nant.
[0P@R96] EbnfthinhRlsGré %&mmﬁ&n@éﬁmﬁ@ @nﬁﬁlsm only when Tier
ref erences, a maxi mum conbi ned | evel nmay be set

1tfite aeondi diiﬁdm@dnismg ol iopnddseasaiefersntess If theaimctiséon of
maxi mum conbi ned | evel ss%predi ctions_can_still be
comigainantd ag neferensen praices g dit pelassce BiertlhBt was not

oftidngd iRk e foatitiipagh Bl b RAR T AR 30 e,

gof the contam nants. Analysis Scheme: [00107]
C?# iﬁe&guhction f (c, / , i) in[19] is close to unity
(e g. the value of e in [20] is close to zero), then

% ?@ct‘iéh daareasieuRfedRIehe Wﬁtﬁﬂlemeﬁd%@luﬁﬁﬁg%hd
to the ble and anal yses done with | arger subsets of

exeldirnthecontdrhintan difthe phardede thewelculed alspestion data is
this case, for the application of this invention to
gméerpih@m oae beH offthe rm@da@bﬂgty P ithe 1Rspectiqn H@@SWPWHE

mtoods 5 i i ntdra B o G0 BB P e gty
aﬁﬁl’yﬁ? %}é a g%ﬁle@le%lc'fﬂ—atéﬁen?éﬂe}ftloﬁ HataRs 304 A on@half of

I scosit
the reproducibility of the inspection measurement method, then the assay results

based on the Virtual Blend without the contaminant are assumed to be an

accurate representation of the sample.

[00104] Alternatively, a maximum allowable contamination level can be set
based on the above criteria for a typical crude sample. If the calculated

contamination level exceeds this maximum allowable level, then the samples is
considered to be too contaminated to accurately analyze. For acetone in crudes,
a maximum allowable contamination level of 0.25% level can be used based an

estimated 4-5% change in viscosity for medium API crudes.

[00105]  For each contaminant used as a reference, a maximum allowable
level is set. If the calculated level of the contaminant is less than the allowable

level, assay predictions can still be made, and uncertainties estimated based on



are shown. If analyses for FT-1R and viscosity were
al so used, a separate colum woul d be added to the
wa@ehwenes7dn the figure. [00108] Assum ng that tPeT/BP1005/029667

Gavity and viscosity for the unknown have been

measured, the analysis schene starts at point 1. The

user may supply a specific sed-of references to be

used in the analysis. Fits are conducted according to

the three steps described herein above. Al though an

tHelFit Ruaity RaasedAbove this eraximumnadlowabld 1dve] Sasédy plealicitbns
fit (step 2) are calculated, they are not eval uated at

midyi e oo accurhte duedofthe pressaee ehtheTantmupnt.Gr avi ty and
viscosity produces a Tier 1 fit, the analysis is
conplete_and the results are reported. [00109] If the
[%Jgi%}si slfanuliple contagynanty gre Woﬂﬁcf@?eéeﬁ?% a maxmum

oy EyBlARE TR BL IR Seh bRl My Sl £y S 065 than the
Iﬁﬁ‘f%lﬁ?rpgq;&f)ﬂ%ﬁ 18Vadsésay ;ﬁ‘éﬁﬁ&ﬁ&ﬂé Sdif $e8ll b¥ 84S Gh&Uncertainties
crudes. The na d

three-&tep ysI's I's agai n conduct ed,

egti@latclhasod by $he FixaQeslit9R44D. IARDovARhisGhaxithymaetnbined level,
viscosity is examned. If this analysis produces a
aSSagrpredictions nisy bbby a¢qurite dveriplithe praspace pbthecpntanginants.
are reported. [00110] If the analysis at point 2 does

not produce a Tier 1 fit, then the process proceeds to
Anilygis Scheme: r ef er ence set is expanded to include all
references that are fromthe sane |ocation(s) as the

[ooig712! | ¥ delresdsh (4 229' in[19] fshiie&: ﬁilﬁﬂt}ag%.?’t%é s/aAig;e of &

agal N conducted, and't anal ysi s based on

ilﬁﬁgi it ¥1aBdo YeaP OfhchF D) Svittand fedecrbisd 4¥ moshednipbgents are
oduces a Tier 1 fit, the analysis is conplete and

atitied toethie| Hlendyramdramatysee dong 0Gthilatgerfsubsess oh adfprincemwill tend
poi nf 3 _does _not produce.a Tie 1fit,,th,enttﬁi, )

o PERISS 1pwet Eekivalpes. pliy this casesins the prpligationsefithijsdnvention to
expanded ta. include all refe " fr .
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Figure 1 has been found to yield reasonable prediction quality. For simplicity

only analyses based on FT-IR only, FT-IR and API, or FT-IR, API and viscosity

are shown. If analyses for FT-IR and viscosity were also used, a separate

column would be added to the scheme in the figure.

[00108]  Assuming that the API Gravity and viscosity for the unknown have
been measured, the analysis scheme starts at point 1. The user may supply a
specific set of references to be used in the analysis. Fits are conducted according
to the three steps described herein above. Although an FT-IR only based fit
(step 1) and an FT-IR & API based fit (step 2) are calculated, they are not
evaluated at this point. If the fit based on FT-IR, API Gravity and viscosity

produces a Tier 1 fit, the analysis is complete and the results are reported.

[00109]  If the analysis at point 1 does not produce a Tier 1 fit, then the

process proceeds to point 2. The reference set is expanded to include all



three-step analysis is again conducted, and the

anal ysis based on FT-1R APl Gavity and viscosity is
wez@azssel | f this anal ysis produces a Tier 1 PCT/PS1008029667

anal ysis is conplete and the results are reported.

[00112] If the analysis at point 4 does not produce a

Tier 1 fit, then the process4droceeds to point 5. The

reference set is expanded to include all references

crudes. The three-step analysis is again conduct ed,
réfeetnicbettanatey/sf thebagrocrade EfadeR) sARhe Grigivlly wekottd crudes.

viscosity is examned. |If this analysis produces a
Thi¢hreg-stén analjisis anagaigiconiactedngiicdethe amalysishased om FE-IR, API

BYith AR yiscosior camingd, T ARty bostnsls g e s 4 s
aﬁ@ky i coﬁgfeté 5%8 ﬂ?@fegugtghéa%pﬁgtggnded to include all

I "ences crudes an s. The three-step
anal ysis is again conducted, and the anal ysis based on

lofR. i s Wl [ i fid £ '
T, TSyt apg moqs o priasseprtec o s

pESUERS piczeadyitd pent 8s Thesefuremoset ieekpanddd td énciadophle
Is reported as being contam nated. If the
reforanges Hat aenfranethesomedpeaiéen(thas hednitialysclestedemdes. The

b AoO N Gt ol B LT A,
gD PSR LSRR EAFERE PGB 5 p y

afthlsis[190drplett bndl ige ARAlLY SteSrepbrtp@l Nt 6 does not
produce a Tier 1 fit, then the fits based on FT-1R and

APl Gravity (from Steps 2 at each points) are exam ned
[0011d4t er Iithe ahhlyaisyat pointiBedeespraiguoducE ®Tiet If fit, sherrthe
fit for the selected references are exanined first

preusishprogpeds fo poink4arddieysiesensieqisl deerpangipd fo malyde all he
oSBRRLE e CBOR! B SRR TR Tl R fpald. e
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cru
Gravity and viscosity is examined. If this analysis produces a Tier 1 fit, the

analysis is complete and the results are reported.

[00112]  If the analysis at point 4 does not produce a Tier 1 {fit, then the
process proceeds to point 5. The reference set is expanded to include all
references crudes. The three-step analysis is again conducted, and the analysis
based on FT-IR, API Gravity and viscosity is examined. If this analysis

produces a Tier 1 fit, the analysis is complete and the results are reported.

[00113]  If the analysis at point 5 does not produce a Tier 1 fit, then the
process proceeds to point 6. The reference set is expanded to include all refer-
ences crudes and contaminants. The three-step analysis is again conducted, and
the analysis based on FT-IR, API Gravity and viscosity is examined. If this

analysis produces a Tier 1 fit, the analysis is complete and the results are



and APl Gravity are exam ned. The process continues
checking fits for point 9 (crudes of sane
wo oman2e{s)), point 10 (crudes of sane regi onkGH/P$2005/029667
point 11 (all crudes) and point 12 (all crudes and
contam nants), stopping if a Tier 1 fit is found or
ot herwi se continuing. If not-4Bi-er 1 fit is found using
FT-IR and APl Gravity, FT-IRonly fits (from Step 1 at
each point) are exam ned, checking fits for point 13
re%ﬁﬁteag hed tHeedaafis1s e sdportedi astbeldg ¢omtamigitade$f thep@nidmination
5(sane | ocations), point 16 §same regions), point 17
doed hotorneded fheamdxpoum:allicavahde leviel,.ageay rasults may still be

cont anj napts),. .stopping jf Tier,1 fit is fo
cioRlstel el ContidaurctetialsesBmaed hasom aa e iy kORI the

un e
chiinsd HEIRRALRE e HoRBACHER, St SIRIARY bk s pccurate
tH@SRdidafd B tiROEBIR.t0 1.5, the result is reported as a
Tier 2 fit.” OGherwse, it is  reported as a failed fit.
[00116] If Viscosity data is not avail able, the
[e0Ed4Ysi sIfshbanElysut hoiritad dodtndq@iroduce fmbrdofit, ithérethefits

di scussed above. If neither viscosity nor APl gravity
bages] e ETHRohm] AP &ranity (§iom Steips eatieaoh posite) aregxamined to

OB R P A R A s
_th . of FR- i i ..
oo G 10 B Bt g Bt

Cgﬂ?ﬁé‘? a8 shefRuRs dRdreporiche IPhe the Frodedntis@ss €9psint 8,
W

arger subsets of references may not produce
ahd ke fiFbased|anesrudenof thessanwsgrade@) as He sohqited axvdes vsing FT-

this invention to the predjction of crude assay data, )
1R angdesk] Gravitysageranppgc.y il Be @roRsse CoRERISs &gpelﬂngdﬁts for point

oS o S Bt ALY [P o Fp R, poipegy can
cﬁﬁiegmncigbim D gbm @rdded ra%d_eab%kﬁﬁﬁﬁﬁts),aﬁéplgmg iPRa¥S] $it is

produci ng the l'owest FOR is selected as the best fit.
foiind dreotheRvigalcoatifivingt 1€ nbeFier fli fit is Soted asingdT-1IR andeAPT

Gravity, FT-IR only fits (from Step 1 at each point) are examined, checking fits

for point 13 (selected references), point 14 (same grades), point 15(same
locations), point 16 (same regions), point 17 (all crudes) and point 18 (all crudes

and contaminants), stopping if a Tier 1 fit is found or otherwise continuing.

[00115]  If no Tier 1 fit is found, the analysis that produces the highest FOR
value is selected and reported. If the FOR value is less than or equal to 1.5, the
result is reported as a Tier 2 fit. Otherwise, it is reported as a failed fit.

[00116]  If Viscosity data is not available, the analysis scheme would start at
point 7 and continue as discussed above. If neither viscosity nor API gravity
was available, the analysis scheme would start at point 15 and continue as

discussed above.



anal ysis is conplete and the results are reported.

[00119] If the best fit obtained using APl Gavity and
woe®ensi7wy is not a Tier 1 fit, then the anal yReBUF2002029667

of colum 2 in Figure 1 are evaluated, and the

anal ysi s pr.oducing the lowest FQR is selected as the

best fit. If the FOQR value f-dB3-the best fit is |less

than 1, the analysis is conplete and the results are

reported. [00120] If the best fit obtained using API

G pdtic,£le 1 LR S8 A S Bvatue o
e B b e e e

cobponénts afeaddral twsths blend; anfllaetlysendotidwithdargder subsets of
reported. [00121] If none of the anal yses produce a

rafersncgs friay, not peedudedomies K valugs.o du B1is gasen &on ihaeppliFgion of
value is selected.and reported. 1f the, .S | ess
thip gvention to e prediflion of Gu: Bﬁatyefgpt%rsa Bt scfifie may

t | f al i i brary Cross Validation:
y?eé@w?§$ar]s%§9@grﬁ% %ﬁgeglqblg%l ‘and optim ze the

performance of a reference library, a cross validation

dur g j [t atd
AT oo AL HETEy A A0 i YR IR SSAHAR, e apalyses 1-6
of bolumYe i Fesurt kite \Wvalltiaeed, ahe ted aalySis iphedudieg tavest
to the library. This procedure is repeated unti|l each
FQR iy etededas thedsast fieflf thefOfvalan forthedestiibis lpgothas]l, the
The cross validation procedure can be conducted to
applysisds eompletd and the Fesp %a5H§P9§P§-schene. Thus for
i nstance, the cross validation can be done using both

R, st B 5 b AL PR Ml
1&2{? g{@gl%g aﬁ?]él?%sr ’;—qaqf?éﬁlgéﬁx:%}%l l%tg'ui)enl afe Q@dlﬂéte&,) and the

analysis producing the lowest FOR is selected as the best fit. If the FOR value

for the best fit is less than 1, the analysis is complete and the results are reported.

[00120] If the best fit obtained using API Gravity is not a Tier 1 fit, then the
analyses 13-18 of column 3 in Figure 1 are evaluated, and the analysis producing
the lowest FOR is selected as the best fit. If the FOR value for the best fit is less

than 1, the analysis is complete and the results are reported.

[00121]  If none of the analyses produce a Tier 1 fit, then the analysis
producing the lowest FQR value is selected and reported. If the FOR is less than

1.5, the results are reported as a Tier 2 fit, otherwise as a failed fit.

Library Cross Validation:

[00122] In order to evaluate and optimize the performance of a reference
library, a cross validation procedure is used. In an iterative procedure, a

reference is removed from the library and analyzed as if it were an unknown.



[00124] In order for the analyses for a given FQR to
produce conparabl e assay predictions regardl ess of
w0 p®pezI7ION | nputs or reference subset sel ectiPCT/UB1005/629667
necessary to carefully optim ze the FQC val ues and
i nspection weightings. This optim zation can be
acconplished in the foll owi ngMdranner: [00125] For
FT-1IR only analyses: | . A mni num performance
criteria is set. Il. For anal yses conducted using
The-reRrondeyis thémweguneditdahe tbranalTigeproveduieeis ropantet] tuotil
sinmulate points 13-17 in the analysis schene. e
enels reference has heerelefoowt andeanalyzndodineed, and the Fit
Quality (FQ is calculated for each result. Selected
assay properties are predicted based on each fit. I111.
[Qﬁhbz??ies ulThe czess vadbidatan progsdges cayt be genduaiedtp simulate any

ot st hsen® o THUR Ko ey bt JRUIEHES C& be done

t ok d . 1 1,00 | S
O R R R SR, BBl PR
réfesattes Tgn feSsHniS10eatiba 2P ehlidfarehe bbisdeficd (faiuliton of
are collected, and statistics for the assaypredictions
peid Dal cul ated. These results are referred to as the
iterative results for this tentative FQC. V. The
maxi mum FQ val ue that nmeets the m ni mum performance
Referendedibyare Optimigagion:he FQCIR. VI. The iterative
results fromstep |V are representative of the results
[OIEL110 Uk oREr 8% el oo Pt EiRNFOR KO phéciveldomnparable
i ndi cat e :
assay predictions regardless of inspection inputs or reference subset selection, it

is necessary to carefully optimize the FQC values and inspection weightings.

This optimization can be accomplished in the following manner:

[00125]  For FT-IR only analyses:
I. A minimum performance criteria is set.

IL For analyses conducted using FT-IR only, cross validation
analyses are performed to simulate points 13-17 in the
analysis scheme. The results for these points are combined,
and the Fit Quality (FQ) is calculated for each result.

Selected assay properties are predicted based on each fit.

III.  The results are sorted in order of increasing Fit Quality (FQ).

IV. In turn, each FQ value is selected as a tentative FQC, and
tentative FOR values are calculated. For each crude, a
determination is made as to at which point (13-17) the
analysis would have ended. The results corresponding to

these stop points are collected, and statistics for the assay



nal yses using FT-1R and inspections: VII. A set of
assay properties is selected for which the predictions

w@ae®@enzs7e mat ched to those fromthe FT-1R onl BCT/US2005/029667

analyses. VIII. Criteria for fit to the inspection

data are set. XI. An initial estinmate is made for the

i nspection weights. X. Cross4balidation anal yses are
performed to sinmulate points 1- 5 or 7-11. The results

for these points are conbined and the Fit Quality (FQ

i's cal cul at edpfedlictia@hure ealculatedeThescerbsalis ape referred to as the
properties are predicted based on each fit. Xl. The

resul ts are sitetatigeirasudtsdor this temiatiealiOfg Fit Quality

(FQ. XIl. In turn, each FQ value is selected as a
tentative FQC, and tentative FQR val ues are .

cal cul at ¥d. Fdheeavhxisnude, F@ dealeenithat i sieels Hhte DEBImMum

to at which point (1-5 or, 7-11) .t he.angl ysis,would
have ended. TH%‘%%&%HQ%“&S‘F?@%%%?&NGSM{%Q@% st op
points are collected, and statistics for the

assaypredj ctigns .are.cal culated. These.,results are..
referr edq)tIo aﬂ? TRHEG 5?‘7“\}% gl Step 1Y atp Hiepresentative of the

tentative FQC Xl Ithag Qﬁﬁg&gﬁ{ I%Bitégﬁe FrorthNhe?d8aAYsis With the

predi cti ons nade usin I'nspections”ar
conpared to thpkeatb@gerCon FT-1R only. The maxi mum FQ
val ue for which the predictions are conparable is
selected as the tentative FQCIR APl or FQC R PI. visc-

Xl V. Foaanhlysss tding FT-IRapédispeotidad:a are exam ned
statistically and conpared to the established

criteri aVﬂ.f Ekhgetsotf%tsgas}I i)l%%eﬁ?ésol@ selected for which the predictions

are to be matched to those from the FT-IR only analyses.
VIII. Criteria for fit to the inspection data are set.
XI.  Aninitial estimate is made for the inspection weights.

X.  Cross validation analyses are performed to simulate points 1-
5 or 7-11. The results for these points are combined and the
Fit Quality (FQ) is calculated for each result. Selected assay

properties are predicted based on each fit.
XI.  The results are sorted in order of increasing Fit Quality (FQ).

XII. In turn, each FQ value is selected as a tentative FQC, and
tentative FOR values are calculated. For each crude, a
determination is made as to at which point (1-5 or 7-11) the
analysis would have ended. The results corresponding to

these stop points are collected, and statistics for the assay



the established criteria, then the tentative FQC R Pi
o FQCnmLPI Visc values are accepted. If not, then the

w0 p®pezI7doNn wei ghtings are adj usted and 9- 13 aPEI/US2005/029667
repeated. XV. The iterative results fromstep Xl are
representative of the results that woul d be obtai ned
fromthe analysis with the iHicated FQC and
i nspection wei ghtings. [00126] Various statistical
measures can be used to evaluate the library
performance apeedividnsadre calvmldteds These besuilts spe eéfienrnd to at the
These include, but are not Ilimted to: The standard
error of crosstexeél\ﬁedéwltﬁrforéblstfﬁ%!aﬁéY%EQQ| on of the
assay properties for Tier 1 fits. t(p, ) is the t

statistic for probability level p and n degrees o
freedom XfHe @mﬁaﬁ&ﬁlﬁs ifer el @éﬁ&@é‘%ﬂléuﬁﬁs m@élenlsmg the FT-IR

I t hat l.d Ti 1 fit d
htorval ot FARATSPRRGORSASLER R CoRast Sprahgn IR only.
Tier 1 fits fg'h W&Hm&ﬁ? F‘%f fanRNgs b@/ e'ihé hﬁredlctlons are
measur e

predi ction an property is less

reproduci bi | i tymphrddie iEasslecs@ntas [tﬁ@lﬁaﬂtaﬁbéeFQﬁimpl or
the fits for steps 6, 12 and 18 are not included in

the library oﬁQ@m;awcon since the reference crudes do
not contain contam nants. Cal cul ati on of Confi dence

Intervals: [00128] For the inspections included in the
fit, theXd¥nf lherie torth@nmegtlpmqat%aee cxdminsd smtlls;lclaﬂy and

t f the F d
cal cul at e confPBEARS Itk GIPRTHEA SieHigach the Salistic3 match
anspect | ons: - ufbSQhiiRnEA " Bitea,  en' RAPSRHARR (P81 or

FQCgaprvisc Values are accepted. If not, then the inspection

weightings are adjusted and 9-13 are repeated.

XV. The iterative results from step XII are representative of the
results that would be obtained from the analysis with the

indicated FQC and inspection weightings.

[00126] Various statistical measures can be used to evaluate the library
performance and evaluate the fits to the inspections. These include, but are not
limited to:
e The standard error of cross validation for the prediction of the
assay properties for Tier 1 fits. #(p,n) is the t statistic for
probability level p and n degrees of freedom. The summation is

calculated over the n samples that yield Tier 1 fits.

t-SECV =t(p,n)- [27]

e The confidence interval at FOR=1.



- For each of the n iterative results fromstep XV
above, calculate the difference between the inspection
wee@dizired fromthe fit, and the input (nmeasured)/us2005/029667

i nspection value, - Divide the ,by . - Calculate the

root mean of these scaled results. - Calculate the t

val ue for the desired probabil/i-ty | evel and n degrees

of freedom - The Confidence Interval is then given by
equati on [25]. Rel ative Error Cl for inspections (e.g.
viscosity).- For each of the n iterative results from

step XV aboyg % gfedi@tiéﬂs' ¥6r dhéf ar eRe For Wthh the
bet ween the I nspect o predicted fromthe fit, and t

i nput  ( measgiffsknédb@Rkeh ahe patdietion tad. measBrad ﬂl&)pbfty is less
r by sl1-R2 . - Calculate the root nean of these

scal ed resuthas, the répriodutibilgytcidhe megsureniant. t he

desired probability level and n degrees of freedom -

The Confidence Interval is then given by equation
[001)7] AbNotaithat ther fits fovsteps 6a)2 PR diBcre @ﬁs mcludﬁdem the library

estinmation of .the.a and b paranmeters are
oannnzﬁuqrmn?eegm R pRG s (o got Costait ColtBRmAtE )2 <
(points 1-5, points 7 11 or points 13-17). - For each

f the nr s fro ross val i dati on anal ysi s,
@A?@ﬂFIW@ (ﬁ%“jcslﬁi?li“éer g)éva , between the predicted
and .
[00128] For the inspections included in the fit, the confidence intervals (CI)

are defined only in terms of the FQR. The following procedures is used to

calculate confidence intervals for included inspections:

e Absolute Error CI for inspections (e.g. API Gravity).

- For each of the n iterative results from step XV above,
calculate the difference between the inspection predicted

from the fit, and the input (measured) inspection value,

d;= 3= -

- Divide the d;by v1-R? .

- Calculate the root mean of these scaled results.

- Calculate the ¢ value for the desired probability level and n

degrees of freedom.

- The Confidence Interval is then given by equation [25].

e Relative Error CI for inspections (e.g. viscosity).



nmeasured assay property value; d =y - y . - For an
initial estimate of a and b, calculate Sl= | FQR2+l a+b(

wQ 2d06fza79ach of the nmresults. For each resul tPCT/US2005/029667
calculate the ratio -.- For the distribution of the
nratios, calculate a statistic that is a neasure of
the normality of the distribéd8i-on. Such statistics
i nclude, but are not limted to the Anderson-Darling
statistic, and the Lilliefors statistic, the
Jarque-Bera statistic or the Kol nogorov-Sm rnov
statistic. Thepgrabygs offthe ANitertite Geddlis! FRf $t6p XV above,
maxi m ze the normality of the distribution based on
t he cal cul at eccatemiael! they rstativies differeBoe béteveen the inspection
Anderson-Darling statistic, this involves adjusting a .
and b so as t @radictad fem Hee Sitatnd the lnPUtF(éﬂeaéH[qﬁBdflSPeCtlon
the n iterative results, calculate the difference, dt
, between the yangsgicted'add measured assay property
value;, =vy,-y, . - Usi)”mgyt/ﬁe a and b val ues determ ned
above, cal cul ate =JFQR2+ a+bf - -YI for each of the n
iterative results. Calculate the root nean of the
scal ed differ@mﬂﬁa}igylﬁ_em he t statistic for the
desired probability Ievel and n degrees of freedom
The Confidence_ Ilnterval is then given

[23]. If the redFwaii e i t9obs D?q:?él r )értgxggegt bgglﬁgrtvsuhs,

measur enent

n 2
7

Z(l—R%) _

i=1

n

- Calculate the  value for the desired probability level and n

degrees of freedom.

- The Confidence Interval is then given by equation [26].

e Absolute Error for Assay Predictions:

- The estimation of the a and b parameters are made using all
of the results from the cross-validation analysis (points 1-5,

points 7-11 or points 13-17).

- For each of the m results from the cross validation analysis,

calculate the difference, d,, between the predicted and

measured assay property value; d; = y;,—y;.

- For an initial estimate of a and b, calculate

A 2
5= \/ FOR>+ (a +b(z’%}in for each of the m results.

- For each result, calculate the ratio i;i

i



i s i ndependent of |evel, the paraneter b may be set to

zero and only the paraneter a is adjusted.- O her,
worene/0z3onpl | cat ed expressi ons coul d be substi t BCBUST00$/029667

j ( Erel/) , and optimzed in the same fashion as

descri bed above. For exanple, for nethods with

‘publ i shed reproducibilities-49-( Ere/) could be

expressed in the sanme functional formas the published

reproduci bility. Relative Error for Assay Predictions:

- The estimation of the a paraneters i.s nmade using all

of the result spdRIUISAELEEGE 6L MR mqﬁﬁb@ Ry S fatistic that is

(points 1-5, points 7-11 or points 13-17). - For each

of the m resuld snédsure tdfe the osernvalitydaf i the dmhbumm Such

calculate the relative difference, g bet ween

predi cted and staistios darlade oyt BFQ)@@TrIWHt@éItQIéhG Anpl@ﬁsoarDarhng

mresal te. - Forstdtisn Aadife Lilkfes St & T BopMatistc
the distributi &n[hng(;l g&ké@%;rﬁﬁ%o@%ﬁyﬁf‘t $he V{.ﬂues of a and b

statistic that e nor na

di stribution. a?é‘odﬂ 1§sttéﬁ ltétméﬁnhléhhdmorhiahtyﬂroé thet distribution
limted to the Anderson Darling statistic, and the

Lilliefors staisedi on thee daicmlu&:cBelcanmlmyu statistior t Her the
Kol nogorov-Smrnov statistic, The yal ues. of

are adj usted tdndaisernDasling statisheeinis vglves ngustmg a and b so
di stribution based .on ted normality
statistic. For® ﬁﬂmzseetﬁgggﬁéllgg statistic, this
i nvol ves adjusting a and b so
- For each of the n iterative results, calculate the difference,

d;, between the predicted and measured assay property

Vallle; di = j\)i - yi .

- Using the a and b values determined above, calculate

2
\/FQR2+(a+b( 2y ’J] for each of the n iterative

results.

- Calculate the root mean of the scaled differences,

- Calculate the t statistic for the desired probability level and »

degrees of freedom.
- The Confidence Interval is then given by equation [23].

- If the reproducibility of the reference property measurement
is independent of level, the parameter b may be set to zero

and only the parameter a is adjusted.



as to mnimze the statistic. - For each of the n
iterative results, calculate the relative difference,

w0 20060z379®een t he predicted and nmeasured assay PCDP8200Y029667

value; . - Using the a and b val ues determ ned above,
cal cul ate for each of the n iterative results.

Cal cul ate the root mean of th®¥ scal ed differences,
Calculate the t statistic for the desired probability
| evel and n degrees of freedom The Confidence
Interval is then given by equation [23]. If the

reproduci bi Li t @k, bee é@hﬁﬁeﬁ’t@d eRPERSTONY cOBRRBHY Qikkituted for
i s independent of |evel, the paraneter b may be set to

1
zero and only tZ‘ CE.29! amat 8ptiMizedl aflisserhe fAshRM adeScribed
conpl i cated expressions could be substituted for / "

re/) , and optiggveed i Pof hexaapke,f ahi qRe@sdslesstn bedblished
above. For exanple, for methods with published

reproduci bi Ity ifigs) Bl 1EMY BSS@ekddNid R
same functi onalie%?%c}lfr%ﬂgg g hejggb'ifiqshed "B BRpRSsed i e same

reproduci bi I'i t jnehéhdBort-asAh8PhiBRShddeptdtficibility.

determination of optinmal pipestill operation
conprising: a) feeding a crude oil feedstreaminto

sai d pi pgst iﬂélatmﬁbpf&%gagrpfggicﬁbhs:f eedstreamis

separated into I ng range fractions, b) performng

a virtual ass of said crude oil feedstreamto .
- a’¥he estimation ol the a parameters is ma&e using all of the

results from the cross-validation analysis (points 1-5, points

7-11 or points 13-17).

- For each of the m results from the cross validation analysis,

calculate the relative difference, r;, between the predicted

A

and measured assay property value; r; = ____Ay iZ N
3+ )2

- For an initial estimate of a and b, -calculate

&, = o/ FOR?+ a2 for each of the m results.

- For each result, calculate the ratio %
- For the distribution of the m ratios, calculate a statistic that is
a measure of the normality of the distribution. Such
statistics include, but are not limited to the Anderson-Darling
statistic, and the Lilliefors statistic, the Jarque-Bera statistic
or the Kolmogorov-Smirnov statistic. The values of a and b
are adjusted to maximize the normality of the distribution

based on the calculated normality statistic.  For the



determ ne predicted boiling range fraction yields, c)

conparing the predicted boiling range fraction yields
wWowaok/023189 act ual boiling range fraction yi el dsPET/UR0DFIE9667

pipestill to determ ne differences between these

fraction yields, d) relating said difference between

the fraction yields with the dperati on of the

pi pestill. 2. The nethod of claim11 wherein said

Virtual Assay is performed using a FT-1R spectrum of

sai d crude oi | AhéadshTeatng3tatikhie, thit howlvds adjestingla and b so

wherein said Virtual Assay is perforned using a FT-IR

spectrum and A8|tognuimize Be stasti€r ude oi | feedstream

4. The method of claim 1l wherein said Virtual Assay is

performed using a FT-1I ectrum. API avi t nd )
viscosity of th spchyoliofhie ﬁeéta’é,%t‘rV@aFﬁS% S, ‘Fﬁ%‘@é‘? Hbg relative

a6 of cr odutistonctayen B A0 fridicRl aff JEgwaRed assay

pi pestill.6. The nmethod of clajm,1 wherein the virtual
assay is perf opropertpvahiesapple—oef-erude oil taken from
a well-mxed tank of crude oi(lVi"tJI‘aHiZ feeds an inl et

line to the pipestill. 7. The nethod of claim1

wherein the virtual assay is performed on an

al | -1 evel s sanigsiagotheraidandil vawes detgmiged above, calculate
nonhonogeneous ta ude oil that feeds an 1n| et

line to the pifgesyFOR+@* tarachafiiBe ndteraiyg rasylts.

wherein the virtual assay is perforned on sanpl es

taken fromnore than one well-m xed tanks of crude oil

that feed an i@hletlaté nehe orodte mepestaf] Ithe scaled differences,

- Calculate the t statistic for the desired probability level and »

degrees of freedom.
- The Confidence Interval is then given by equation [23].

- If the reproducibility of the reference property measurement
is independent of level, the parameter b may be set to zero

and only the parameter « is adjusted.

- Other, more complicated expressions could be substituted for
f(E,ef), and optimized in the same fashion as described
above. For example, for methods with published
reproducibilities, f(E,ef) could be expressed in the same

functional form as the published reproducibility.



9. The nmethod of claim1l further conprising the step
of elimnating crude variability as the source of
waelewsarizens in pipestill operation. PCT/US2005/029667
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CLAIMS:

1. A method for the determination of optimal pipestill operation

comprising:

a) feeding a crude oil feedstream into said pipestill wherein

said crude oil feedstream is separated into boiling range fractions,

b) performing a virtual assay of said crude oil feedstream to

determine predicted boiling range fraction yields,

c) comparing the predicted boiling range fraction yields with
the actual boiling range fraction yields from the pipestill to determine

differences between these fraction yields,

d) relating said difference between the fraction yields with

the operation of the pipestill.

2. The method of claim 1 wherein said Virtual Assay is

performed using a FT-IR spectrum of said crude oil feedstream.

3. The method of claim 1 wherein said Virtual Assay is

performed using a FT-IR spectrum and API gravity of the crude oil feedstream.

4. The method of claim 1 wherein said Virtual Assay is
performed using a FT-IR spectrum, API gravity and viscosity of the crude oil

feedstream.

5. The method of claim 1 wherein the virtual assay is performed

on a sample of crude oil taken from an inlet line to the pipestill.
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6. The method of claim 1 wherein the virtual assay is performed
on a sample of crude oil taken from a well-mixed tank of crude oil that feeds an

inlet line to the pipestill.

7. The method of claim 1 wherein the virtual assay is performed
on an all-levels sample of crude oil taken from a nonhomogeneous tank of crude

oil that feeds an inlet line to the pipestill.

8. The method of claim 1 wherein the virtual assay is performed
on samples taken from more than one well-mixed tanks of crude oil that feed an

inlet line to the pipestill.

9. The method of claim 1 further comprising the step of

eliminating crude variability as the source of deviations in pipestill operation.



