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GLOBAL CRUDE OIL QUALITY MONITORING

FIELD OF THE INVENTION

10001 The presently disclosed subject matter is divected to a methed for

monitoring and valuing crude oil quality based upon measured bulk propertics and
advanced analytical techniques. The method analyzes crude oil samples with
available methodologies to characterize the chemical and physical properties of the
crude oil. The presently disclosed subject matter further implements an automated
process to utilize the test results from the samples to generate detailed crude ol
characterization Jata.

BACKGROUND OF THE INVENTION

{68021 Within the petrochemical industry, there are many instances where a very

detatled analyses of a process feed or product is needed for the purpose of making
business decisions, planuning, controlling and optimizing operations, and certifying
products. Such a detailed analysis is referved to as an assay, a crude assay being one
example thereof,

HEIRT! Traditionally, when a crude oil 1s 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 5236 to produce
distillate cuts covering the range from 630°F to approximately 1000-1054° F (343°C
to approximately 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 ¢il (650° F. to 1000-1054" F.), and
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vacuwm residue (1000-1054" F. +). Each distillate cut is then analyzed for elemental,
molecular, physical and/or performance properties. The specific analyses conducted
depend on the typical disposition of the cut. The data derived from these analyses
will typically be stored in an electronic database where it can be mathematically
manipulated to estimate crude qualities for any desured distillation range. For
example, commercial crude assay libraries are available from Haverly Systems Inc.,
and HPI Consultants Inc., both of which provide tools for manipulating the data, as
dees Aspentech [nc. Assay data is published by Crude Quality Inc., by Shell Ol
Company, and by Statoil. The property versus distillation temperature data is
typically it to smooth carves that can then be used (o estimate the property for any
desired distillation cut. Crude assays that are generated via the distillation of the
crude ot are herein referred to as "wet" crude assays to distinguish them from assay
generated by other meauns.

[8004]  The intent of the crude assay is to generate data representative of current
crude oil quality for use in making business decisions, planning, controlling and
optimizing operations, and certifying products. This representative assay 1s herein
referred to as a Recommended Assay. These Kecommended Assays are utilized to
determine appropriate product slates for a given crude oil and identify refineries that
are suitable for processing such crude oils.

0605} Crude oil ts not a homogenous entity. Physical and chemical
characteristics of a crude oil change during the production life of the field. These
characteristics may also change based upon the location of the crude oil within the
field. In addition, crude oils from different fields are often blended together to
produce a particular grade of crude oil that is commercially offered for sale. Changes
in production volumes, field maintenance, new wells being brought onstrean, or
changes in g given fields crude oil quality over time can have an additional and often

dramatic impact oun the quality of g given crude oil grade. When such changes occur,
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the Recommended Assay may no longer be representative of the current crude ol
quality.

| 6006} Historically, crude oil monitoring has usually limited to a handful of
easily and guickly measured properties including AP gravity, sediment and water,
(BS&W), salt and sulfur. These properties are usually referved to as Inspection
Properties. Frequently, the only measurements made are APL gravity and water,
which are required to properly determine the amount of o1l being sold. While these
two properties can provide some indication of changes i1 crude oil quality, these two
properties are extremely limited and more detailed monitoring and tracking of crude
oil is desirable to make informed crude o1l purchase and refining business decisions.
More detailed characterizations have typically tnvolved a laboratory distillation
based assay which is relatively expensive, and can take several weeks to months to
complete. Performing an assay of this type on cargo purchases to monitor and value
crude oil quality changes would be impractical due to the time delay in obtaining the
data. Real time monitoring and valuation of crude oil is desirable to make informed
crude purchase and refining business decisions.

1B087§ A given crude ol grade may not exhibit changes in AP gravity even
when the yvield structure may vary dramatically. API gravity changes are typically
accomparnied by a shift in yields, such that a lower API gravity typically wndicates an
increase of heavier boiling materials. However, situations can occur where yield
structure changes do not exhibit associated changes in the gravity. An example
would be where naphtha boiling range componeuts (68-375°F) may decrease, with an
associated increase in diesel range material (375-530%F), accompanied by a shift of
resid material boiling in the 1050+°F range decreasing with an increase in gas oil
material (530-1050°F). While the overall yield structure resulting from these yield
changes would be significantly different, the API gravities may not exhibit large

changes. Yield changes could have a material impact on crude oil value that in this
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case would not be evident from the APT gravity measurement. As such, additional
evaluation of other properties 18 needed to determine whether or not a particular
crude oil is appropriate for the production of the desired product slate or the
processing in g particular refinery.

3088} Properties in addition to gravity ave also used to evaluate whether a given
crude oil is economically attractive or whether it can be processed in a given refinery.
Sulfur, neutralization number, or metals are examples of properties that may vary
with time and can impact the ability of a given refinery to process a crude oil. For
example, not all refineries are capable of processing crude oils that have a high sulfur
conient. Similarly, not all refineries are capable of processing heavy crude otls. AP
gravity provides no indication of a change iu these qualities, but changes in these
values would affect the crude oil’s economic value.

6089} Presently, there are well over 1000 unigue commercially available crude
oil grades. This presents a logistical issue with monitoring crude oil quality,
detecting significant deviations from expected quality, and properly evaluating these
changes. It is desirable to have the ability to quickly and efficiently obtain a more
detailed characterization of the crude oil and monitor the properties in an organized
manner in order to provide more insight for crude oil valuation. There 13 a need for
an automated system that generates the characterization data, detects quality
deviations, and riggers notifications for follow-up actions to ensure that changes in
crude oil properties are identified and reflected in business decisions is desirable such
that suitable crude oils are used to produce desired product slates and processed o
the destred refinery.

16010} The current state of the art for monitoring crude oil quality varies from
simaple plots of time series data of easily measured inspection properties as gravity, to
application of correlative techniques to laboratory measurements. These time series

data are tracked on a large number of crude oils which have commercial interest and
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are available globally through an internal company intranet website. Many of the
laboratory tests are very time conswming taking weceks or longer to generate useful
resulis.

SUMMARY OF THE INVENTION

{3618}  The presently disclosed subject matter is divected a method for monitoring
and valuing changes in crude oil quality based upen measured buik properties and
advanced analytical techniques. This method benefits from the detailed crude oil
characterizations obtained from the use of advanced technigues. These advanced
analytical technigues include those based upon spectroscopy or a combination of
spectroscopy and physical inspections. The presently discloses subject matter
utilizes a work process that includes the following: analyzing current crude oil
sample receipts with available analytical methodologies to generaie characterization
data indicative of the crude oil's chemical and physical properties; automatically
processing the characterization data to estimate an assay indicative of current crude
oil guality; automatically retrieving the globally generated characterization and
estimated assay data and store it within a central database; calculating the economic
differential between the current Recommended Assay and this recently generated
assay estimate; plotting the time series values for all properties of interest by crude
oil grade; analyzing the time series data and evaluating the current crude oil grade
trends versus the current Recommended Assay values; and determining if a new
Recommended Assay should be issued. A Recommended Assay is a siugle
representation of vields and qualities used by all downstream business functions to
characterize current typical crude oil quality. If a new Recommended Assay is
needed, a wet assay may be performed, or the crude o1l may be analyzed via the
method disclosed in commonly assigned US Patent No. 6,662,116 to Brown, herein

referred to as the “Virtual Assay” or by the method disclosed in commonly assigned
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US 7904251 to Martin et al. herein referred to as “Modified Virtual Assay”. Brown
and Martin ¢t al. are incorporated herein specifically by reference in their entiretics.
{6612} The presently disclosed subject matter is directed to a miethod for
monttoring global crude oil quality. The method includes obtaining at least one
sample of a crude otl representative of the current quality of the crude oil. The
method further includes analyzing the at least one sample of the crude ¢il and
generating characterization data based upon the analyzing of the at least one sample.
The values of properties of an assay of the crude oil are estimated by analyzing the
geunerated characterization data from the at least one sample to form an estimated
assay. These estiimated values of the properties of the estimated assay are stored ina
database. The method further includes determining deviations of the vaiues of the
propertics of the estimated assay for the crude oil from the values of the properties of
a known Recommended Assay for crude otl having a known guality. The values of
the properties of the known Recommended Assay are also stored in the database.
The statistical significance of the deviations of the values of the properties of the
estimated assay from the values of the properties of the Recommended Assay is
determined to determine if the crude oil quality of the at least one sample is different
from the quality of the recommended assay. [f the deviations of the values of the
properties of the estinzated assay from the values of the properties of the
Recommended Assay are significant, then a new Recommended Assay for the crude
o1l 15 generated. The new Recommended Assay is stored in the database. The new
Recomunended Assay io the database may replace the known Recomuended Assay
as the new known Recommended Assay.

{6813} Determming the statistical significance of the deviations of the values
of the properties of the estimated assay from the values of the properties of the
Recommended Assay may include determining if the statistical significance indicates

a change i the economic valuation of the crude oil between the estimated assay and



WO 2013/096240 PCT/US2012/070231

the Recommended Assay. A notfication may be generated if the economic
difference is statistically significant. 1t is contemplated that values of properties that
may distort the statistical significance of the economic difference may be identified
and removed.

30141 Determining deviations of the values of the properties of the estimated
assay for the crude oil from the values of the properties of a known Recommended
Assay for crude o1l may include determining time series values for the properties of
the estimated assay over a period of time. The properties of the time series values
may be compared to values of the properties for the Recommended Assay.

16015] The presently disclosed subject matier provides a systematic mechanism
to leverage recent advances in analytic techniques that provide a detailed analysis of
a crude oil, inexpensively, and in a timely fashion. Additonally, the presently
disclosed subject matter implements automatic abnormal event detection and
notification and includes a systematic approach to ensure consistency of results,

BRIEF DESCRIPTION OF THE DRAWINGS

16616} Figure 1 shows a time series of crude oil monitoring data for API gravity
of Zafiro crude oif blend.

6017} Figure 2 shows a time series of crude oil monttoring data for VGO yield
of Zafiro crude o blend.

1BGE8] Figure 3 shows a tinwe series of crude oil monitoring data for resid yield of
Zatiro crude o1 blend.

6019} Figure 4 shows a flowchart for data outlier algorithm in accordance with
aspects of the presently disclosed subject matter.

{60206} Figure 5a and Sb show a statistical analysis of the Recommended Assay.
6021} Figures 6a and 6b show a statistical analysis of the Recommended Assay.
[60221 Figure 7 shows a time series of crude oil monitoring data for API gravity

of Murban crude o3l
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16023} Figure & shows a time series of crude o1l monitoring data for gate value of
Murban crude oil.

6024} Figure 9 shows a time series of crude oil monitoring data for APT gravity
of Cerro Negro SCO.

18025} Figure 10 shows a time series of crude oil monitoring data for value
differential of Cerro Negro SCO.

[6026] Figure 11 shows a time series of crude ol monttoring data for 1050+F
resid yield of Cerro Negro SCQO.

1656274 Figure 12 shows a tine series of crude oil monitoring data for AP gravity
at a later time of Cerro Negro SCO.

DESCRIPTION OF PREFERRED EMBODIMENT

16028} Within the petrochemical industry, detailed feedstock quality analysis is

required to make potential purchase decisions and to plan, control, and optimize
refinery unit operations. Traditional "wet" crude assay analyses are costly and time
consuming to perform, involving a laboratory distillation based which can take from
several weeks to several months to complete. Alternate, more rapid and less
expensive technelogies have been developed to supplement the traditional approach.
{6029} Alternate methodologies to generate information similar o that of the
detailed “wet” crude assay analysis in an inexpensive and timely fashion have been
described by Brown and are referred to as Virtual Assay. These alternate
methodologies are dependent apon the analysis of an unknown material using
spectroscopy or a combination of spectroscopy and physical inspections.
Furthermore, methods to modify a Virtual Assay have been described by Martin et al.
and are referred to as a Modified Virtual Assay. The results of a Virtual Assay or
Modified Virtual Assay can be used in a similar fashion to those of a wet crude oil

assay, however, the detatled Virtual Assay or Modified Virtual Assay
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characterization results are available within hours rather than spanuing several
months. This represents a significant time savings.
160306} A Recommended Assay is a single representation of yields and qualities
ised by all downsiream business functions to characterize current typical crude oil
quality. Recommended Assays can be either "wet” assays (laboratory distillation
based), or Modified Virtual Assays. Assays are promoted to Recommended Assay
status if they are representative of expected crude oil quality. When crude quality
deviates significantly from the current Recomnnended Assay, a new Recommended
Assay will be produced so as to provide optimal data for business decisions.
16031} The presently disclosed subject matter describes a process to use these
crude oil quality predictions and includes the following elements: generating
detailed characterization data from measurements of load or discharge crude
samples; developing a completed Virtual Assay or Modified Virtual Assay estimate
of the crude oil assay; storing the assay information in a ceniral database; applying
statistical techniques to highlight significant deviations from the Recormmended
Assay for this crude ofl grade; automatically notifying users of significant quality
changes; applying a market value differential between the Recommended Assay and
cuwrrent assay estimate based on estimated quality changes and market pricing;
updating the Recommended Assay as warranted; and employing laboratory checks to
ensure consistency of results. Bach of the steps of the process will be described in
greater detail below. For purposes of this disclosure, crude oils and crude oil blends
may be collectively referred to as “crude otf”. 1t is conteraplated that the presently
disclosed subject matter is intended to be used in connection with Recominended
Assays for both crude oils, crude oils and blends of crude oils with other materials

where Recommended Assays are utilized for quality determination.
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{zenerate Detailed Characterization Data From Sites Avound The World

{8032} Many grades of crude oil, such as Arab Light, are internationally traded.
Regional refinery labs are equipped with the necessary instrumentation to perform
the spectroscopic and physical inspections required to generate a Virtual Assay.
Upon completion of the spectroscopic and physical inspection measurements, the
data and grade ideuntification is automatically transferred to a suitable computer
system for analysis to generate the Virtual Assay. Upon completion of the analysis,
the assay results are stored tn a laboratory tnformation data repository. These results
are used to determine whether or not any modifications are needed to the
Recommended Assay, as described below.

Develop A Completed Crude Ol Assay

16033} Current state of the art as reported in the literature includes, but is not
limited to, analytical techniques inveolving NMR UV, vistble and near mid infrared
spectroscopy. In accordance with the presently disclosed subject matter, preferved
methods are the Virtual Assay or the Modified Virtual Assay. In the following
discussion, both the Virtual Assay and the Modified Virtual Assay shall be
collectively referred to as “Virtual Assay.”

16034} While the processing required to generate a Virtual Assay from the
laboratory measurements may be done locally at the refinery, the capability to
capture this data and generate a Virtual Assay can also be done centrally. Simple
cOntiuous computing processes scan locations on a computer network for the
necessary inputs, and generate the Virtual Assay when all required data are available.
The inputs and estimated assay data are stored centrally in a computer system that is
linked to each of the refineries and the sites where the samples are obtained. These
inputs from multiple locations can be utilized to obtain a Virtual Assay on a received
cargo within several hours of receipt. The resultant Virtual Assay is globally

available,
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6035} The quality of the Virtual Assays generated through this method may
vary. A mechanism is required to determine the quality of the Virtual Assay that is
generated. This quality measure mechanism will enable proper evaluation of the
results for making commercial decisions and is known as a Fit Quality Ratio, or
FOR. |

{6036} The spectral data in the 4685.2 - 3450.0 cnt’', 2238.0-1549.5 ey’ and
1340.3-1045.2 et regions were orthogonalized to corrections for baseline, liquid
water and water vapor, concatenated to the weighted data for linearly blendable data
for API gravity and viscosity, and fit as a linear combination of similarly
orthogonalized and concatenated data for reference crudes using a Nonnegative
Linear Least Squares algorithn.

2.
B is calculated as

/ - - .
Xy X 7 i
~ n i
Lrt?A,u_;/l,,,‘(APn ~ | W aEny
~
Ad o, e ; (L 1 L
R’l _ 1 N H’pv,sl.‘./]m(m.w) W ;,f,‘-‘\..‘,'..f‘t.,",(_ e }» J AL W
Ids - F =N
P SX, b SX, ! 7
i Wypply (it [ Waprf A ; W iprdy (AP |
i i 142 ,L iyl § E ) } (Vi 5 ¥ - N
L Wepee by e 1 Wgedy( ve) Wiepsty (Vise)
[ 4L BN

/

Adawilgnd A9 gre the volumetrically blendable forms of API gravity and

viscosity, and War and Weis are the weighting factors for the two inspections. (@

and "7 are the estimated blendable forms of API gravity and viscosity calculated
based on the Virtual Blend, where the Virtual Blend s a blend that exists only in

theory, preferably on a computer.
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16037} A Fit Quality, FQ, is calculated as:

FQ=+1-R* (2]

16338} The Fit Quality Ratio, FOR, is calculated as:
£
FoC (3]

=

FOR =

{6039} FQC 15 a Fit Quality Cutoff,. FOUC is selected such that analyses with
FOR < 1.0 will produce predictions of adeqguate precision for the intended
application. Analyses for which FOR < 1.0 are referred to as Tier | analyses. For the
library used in this example, FOU value of 0.0080 was selected such the precision of
yield predictions for Tier 1 analyses is comparable to the reproducibility of the
distillation. While the methodology of this invention preferably uses the resulis of
Tier 1 analyses as wput, Tier 2 analyses (FOR <0 1.5) are also used.

Store The Information In A Central Database

18040} Once the Virtual Assay results have been generated, they are stored ina
central database to enable retrieval and plotting. This database is designed to contain
three types of data for each crude oil or crude oil blend: (1) detailed Virtual Assay
characterizations; (2) measured inspection properties, crude grade, sampling date,
sample location, loadport (e.g., the point of loading the crude oll on a vessel or
pipeline)} and disport (e.g., the point of oft-loading the crude oil from the vessel or
pipeline) information stored to enable categorization and data analysis; and (3) the

Recommended Assay for the crude oil grade.
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Compare Time Series Values For Properties Selected By The User To Current

Recommended Assay

6041} Data can be selecied for display and would typically include grade, date
range and property. The Recommended Assay is included as a baseline to show
current crude oil quality differences versus the Recommended Assay over tume. Une
display of data is presented in Figure 1-3 for Zafiro Blend crude oil from Equitorial
Guinea. These charts present the whole crude measured API gravity, gas oil yield
{(650F to 1050F) and resid vield (1050+ F) over a two year time period . The data
includes Virtual Assay data and physical inspection data, as well as the
Recommended Assay values. Similar charts can be easily produced from the
database for any property, time period or crude oil grade.

Anply Statistical Techuiaues To Hivshlioht Sienificant Deviations From The
Recommended Assay

180424 Variations in crude oil quality occur which may indicate a crude oil has
changed versus the current Recommended Assay, or in the absence of a
recommended assay, that a crude oil bas a significant quality change compared to
previous saimples.

[6043} 300 or more crudes are typically monitored on a routine basis, and over a
hundred different qualities may be recorded. This would result in over 30,000
combinations of qualities and grades. It is infeasible to manually review each of the
qualities for each grade to detect significant quality changes. As such, statistical tests
have been implemented to highlight significant deviations, and analyze the data to
wdentify a quality change.

[B8044] For each crude oil grade in the database, the following procedure may be
executed for each property, each time a new datapeint is added.

18045} In the following checklist, the "dataset” is defined as all data collected

since the time that the current Recommended Assay was conducted. When a crude
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quality change has been identified and a new Recommended Assay has been
declared, all previous data to that change is no longer significant to the analysis and
is ignered in all calculations. Figure 4 provides a flowchart for an algorithm to
detecting and removing potential values which may be identified as outliers so they

do not skew the data analysis.

1. Detect and remove outhers from the dataset. Check that the dataset is normally
distributed. An Anderson-Darling test is suitable for this purpose. Anderson-
Darling and other potentially suitable tests are described in "How to Test
Normality and Other Distribution Assumptions” {S. Shapiro, The ASQC Basic
Reference In Quality Control: Statistical Techniques). {f the dataset is not
normally distributed, then apply an appropriate transform to improve normality.
A Box-Cox trausform is suitable for this purpose (see for example, A.
Buthmann, "Making Data Normal Using Box-Cox Power Transformation”,
httpi//europe.isixsigma.comy/library/content/c0804 1 6a.asp or NIST Engincering
Statistics Handbook,
http://www.itlnist.gov/div898/handbook/eda/sectiond/boxcoxlihtm). [fthe
number of data points is greater than 3, but less than 14, apply the Dixon Qutlier
Test. If the number of data points exceeds 14, apply Rosner's Generalized
Student Deviate OQuthier Test. The outlier tests are described in "How to Detect
and Handle Outliers” {B. Iglewicz and D. Hoaglin, Asqc Basic References in

Quality Control, Vol 16).

2. Check and see if there is enough data to continue. For all properties where data
is obtained from multiple data sources, a suitable minimum number of points is
10. For properties obtained from Virtual Assay only, a suitable minimum

number of points is 5. These values are initial estimates for adequate
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representation of the data, therefore the flexibility for change to these values

needs 10 be included.

After a new point, p, has been added for a given property, the average (mean)

of the dataset, 5, s calculated as

z P
?'“ — il
4]

A check is done to see if the new dataset average is significantly different
compared to the current Recommended Assay value. If R represents the
reproducibility of the laboratory test method used to geunerate the property
value, then g significant difference is defined as a mean value that differs from

>R
M

When the samne sample is tesied independently by different laboratories, the

L , o P Pra
the Recommended Assay property value, pry, by more than R (=’O R

results are expected to agree with R 19 times out of 20 (95% of the time). For
standard methods published by consensus organizations such as ASTM, R will

be the standard deviation of the dataset,

w1 (4]

Calculate new control limits (UCL and L.CL) for the new dataset. Conirol
Limits are defined as the mean of the dataset +/- 3 times the standard deviation

of the dataset. Flag any points that are outside these control lumits.
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4. Calculate Moving Average, M4, as

M, = p,

M4, =04p,-0.6MA4, |

Flag any MA points that differ from the dataset mean by more than R.

5. Flag any data points which constitute the 8th {or greater) occurrence of consecutive
points on the same side of the dataset mean.
6. Flag any set of 10 data points that are consecutively increasing or decreasing.
7. 1t all of these checks are performed and no flags are set, then the dataset passes,

Otherwise, the flag is Iogged into a report and distributed to the system administrator.

SUBSTITUTE SHEET (RULE 26)
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[0046]  Example application of the checklist is shown 1n Table 1

Table § - Example of Checklist Application

: P {(Mean) of
scfiasay | Rechssay Yalpe Sample Yalue Sample L:}c@tiun Dataset
B : P

18 7 £d L

; AT
Ayeraye Hata Point . Ouside |
_ : {Mean) of | Outide (Moving Average: 12
Dote  HecBssey Reclssay Value Sample Valve Sample Locotion Bataset  BCL L0 © CI¥? o offistasel * ClMean |

PEGHEE ¢ as G o ik

SUBSTITUTE SHEET (RULE 26)
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Preferred Method for Data Analysis

16047} While useful, the statistical technigues described herein above may be
cumbersome, and produce too many flags. A preferred statistical method uses an
EWMA (Exponential Weighted Moving Average) predictive algorithm to generate a
prediction of a property value for some period in the future from the last data sample
obtained. The forward prediction period can be selected to optimize business
objectives. A period of 30 days will be assumed for the discussion herein below.
EWMA Alporithm Summary
18048} Crude quality can be monitored using an autoregression based statistical
model. Examples of autoregression models have been discussed by Koehler, Marks
and O'Counell ("EWMA control chars for autoregressive process”, Journal of the
Operational Society, 52 (2001 699-707) and by English, Lee and Martin ("Detecting
changes 11 autoregressive processes with X-Bar and EWMA charts”, IIE
Transactions, 32 (2000}, 1103-1113). For each crude grade that has sufficient crude
monttoring data, the following statistical analysis is performed periodically. The
period s optimized to meet business objectives.

1. The sample data set used for the statistics are samples taken 1o the last 12

months

&

A 30 day forward predicted EWMA (Exponential Weighted Moving Average)
is calculated (EW3 A 30)), along with the RMSE (Root-Mean Square Error),

The ¢ parameter in the WA expression is optimized to provide the optimal

forward prediction. Periods other than 30 days could be used.

L2

Using the normal distribution probability function and the RMSEE, the
probability, T2, of a crude cargo falling within the EWMA 3, + R is caleulated.

Given the reproducibility of the property measurement, R, 7P is considered to



WO 2013/096240 PCT/US2012/070231

3

(¥ 43

6.
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be the theoretical probability for a new Recommended Assay would have a
property value equal to the EWMA g prediction.

Again, using the normal distribution probability function centered at
EWMA 30, and with standard deviation RMSE, the probability, CF, of a ¢rude
cargo falling within the range from PVpy-R t0 PV +R around the current
Eecommended Assay property value, £V, 18 calculated is calculated .
Using the t-distribution, EWa 4 50;, and RMSE, a ¢, value is caleulated.
Based on the 1., value, a probability p,.,, value is calculated.

Finally, using the normal distribution probability function centered at the
EWMA ywith standard deviation RMSE, Upper and Lower Control Limits
(UCL and LCL) are calculated for a 1-o0 Confidence Interval. A 1-a
probability of 30% may be used.

The EWMA oy, TP, CP, and ¢, value are the primary statistical parameters

used to generate the flags/triggers, thresholds, and monitoring metrics to

evaluate the current grade quality versus the Recommended Assay value. The

flags/triggers developed from these primary statistics are:

»  EWMA3; value falling outside the range form PV py-R 10 PVt RA Pres
value falling below a critical oty level. For an oy value of 0.3, a pg
value less than
Upeee Would indicate a greater than 70% probability that a new
Recommended Assay value would differ from the current Recommended
assay value by a statistically significant amountA Recommended Assay,
PV s value falling outside the EWMA 50 Confidence Interval

e  Anincrease in the ratio of 72 to CF.

EWMA Statistics Calculations

[0049]

The statistical calculations are performed in the following sequence.
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Sample Set

(6056} Statistics are generated for each Grade, or each Grade/Loadport where

there is a Loadport specific Recommended Assay, providing there is sufficient data.

Data sutficiency is covered in a later section.

The sample data set used for the statistics are samples taken in the last 12 mouths, per

the following sample preference:

1. All Loadport samples

2. Ifthe data is primarily Discharge Port samples, theu the discharge port data is
used instead of Loadport data.

3. Ifnetther 1. nor 2. provide sufficient data, then all samples are used.

Data Preparation

1. Prior to EWMA calculation, data may be screened for outliers using technigues
described above.

2. Sortsample data in ascending date order. The earliest data point is index 0, the
last point 1s index n. Bach point has a date offset in days from the first point,
e.g. if three samples had the dates 01/03/09, 01/04/09, and 01/10/09, the offsets
would be 0, 1, and 7, respeciively.
Note:  where multiple data points are reported on the same date, they are to be

wucluded as separate potats with equal offsets

The number of total data points is saved as TotNumPoints =n+ 1

(93

4. The index of the first data point with an offset greater than 29 is saved as
Pius308tartindex ( m in equation subsecriptsy. The number of data points with
an offset greater than 29 is saved as NumPlus30Points. NumPlus30Poinis = o -

FPlus308Startindex + 1

DBata Sufficiency

Statistics are not calculated if NumPlus30Foints 15 less than 3.
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EWMA 1304 and RMBSE

EWMA Calculation

EWMA 30 and RAMSE are calculated through an optimization which seeks the
EWMA welghting factor ¢ that minimizes the RMSE. For a given value of ¢,
EWMA; and EWMA4 g are caleulated as

EWMA, = PVy(PV, = sample property value at data index 1)

EWM4, =(1 —g)* EWMA,+g* PV,

EWMA, =(1—-g)* EWMA,, +q* PV,

}ﬁﬁ,ﬁ/ffz [30] = E ﬁi"f"i 1

RMSE Calculation

RSME uses the minimum Resid, where g 1s the EWMA weighting factor, which
can range from 0.0 t6 1.0

Resid, is a swin squared residual calculated using the difference between the PV
value of the subject data point (e.g. £¥,) and the EWMA of the match point
which is the latest data point preceding the subject data point by more than 30
days. The subject data points are the data points with indexes from
Plus308tarilndex (o1 m) 10 n.

Resid = { PV — EWMAyay ¥+ ( PVt = EWMAiguy '+ oo+ (PV,-
EWMdy,, ¥

where i(m), i(mmr+1), ..., i(n) denote the index of the match point associated with
the target point.

Resid,, is calculated for values of ¢ between ( and [, and the value g, which
produces the minimum value of Resid, is selected. This minimum Resid is
designated Residg;,. RMSE is the Root Mean Square Hrror, or the variance
associated with the measurement reproducibility (R/2.77), whichever is greater.

I’ I's N
{1 Resid R
S St E min
RMSE = max \J — e,
'\ NumPlus3GPoints 2.77 )



WO 2013/096240 PCT/US2012/070231
22

t-Test (pValue) Calculation

16051} At value is calculated based on the difference between the forward
predicted EWMA value, and the property value for the Recommended Assay, FVga

_EWMAp - PV

F L
Y200 - 100g

l’l 51

{60582} A probahilty p,., value is calculated based on a t-distribution with
NumPlus30Fcints degrees of freedom.

)
Friog = &

el V i L0
ST e
where f{t)=———-=1+—1  is the t-distribution and v is NumPlus30Points
- ! 1% /’
(2]

degrees of freedom. p,., represents the probability that, given RMSE, g and
NumPlus3OFoeints, a new Recommended Assay PV value would differ from the
Recommended Assay property value, £V, by less than IEWMA 50 -P Vsl and is a
measure of the statistical significance of the WM A5 estimate.

Theoretical and Current Recommended Assay Sample Probability

{6053 A TF (theoretical) and CP (current) Recommended Assay sample
probability are calculated as:

B MA g0 R Pl R
7P = f olx. p,0)dx and CP = j o, g, 0 Jdewhere o{x, u, o )is the normal
FWMA| 30y VR
) . 3 . . 3 N E (‘\'uﬁ).: s 2 o S FTR A 4
{Gaussian) distribution ¢lr, 4,0 }= —==e" /20" with mean u=£WMA s
o2

and standard deviation o=RMSE. TF represents the probability, given RMSE
and the property measurement method reproducibility, R, that the property
value, PV, will be within the range from EWMA 3-8 to EWMA 30 HR. CP
represents the probability, given £#WMA 3, RMSE and R, that the crude
property value will be within the range from FVg,-R to PV R,
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16054} The use of 7P for deciding whether to update a Recommended Assay s
illustrated in the following example. The process described above is applied to APL
Gravity for a crude oil. R for AP Gravity 15 0.5. If the Recommended Assay had an
API Gravity of 35, if an EW3/A4 5, value of 35 and an RMSE value of 0.4 are
determined, then the Recommended Assay is expected to be representative of 79% of
future cargoes (Figure 5a). If however, the Recommended Assay value was 34.5,
then the same £WMA |y and RMSE values would indicate that the Recommended
Assay was only expected to be representative of 49% of future cargoes. Updating the
Recommended Assay could improve coverage by 30%.

Lipper/Lower 90% Confidence Interval Control Limits

Caonfidence Interval Control Limits are calculate as:
UCL = EWMA gy + RSME * f(1-a, NumPlus30Poinis)
LCL = EWMA o - RSME * (-0, NumPlus30Points)
Where,
#{1 - o, v) is the ~~distribution value for cumulative probability of 1 -

o, and degrees of freedom v. An o value of 0.1 can be used.

{6055 Example EWAMA 5 statistical calculations are shown in Table 2. Data
shown are API value for a crude from a single load port over a one year peroid. Ag
value of 0.03 is shown to minimize Resid,

Auntomatic User Notification Of Significant Quality Changes

3056} Significant quality deviation are recorded identitying the crude oil grade,
quality, and date of detection. In accordance with the presently disclosed subject
matier, the computer system performs the above described comparisons and applies
the above described statistical techniques {(e.g.. the EWMA method). If a significant

deviation is detected, the computer may generate a notification for the appropriate
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users such that they are notified to evaluate each of the identified quality deviations.
Depending upon the quality deviation, the individual charged with reviewing this
data would take appropriate action to ensure the situation is appropriately addressed.
The appropriate action may be implemented by either the user or automatically by
the controller in the computer systeni.
6087} Possible actions can include:
# Changing the Recommended Assay because a change in crude oil quality has
been detected
s (btain additional data to ensure that identified guality changes are sustained
® [gnoring the deviation if it is determined to be a temporary change in crude o3l
quality
Apply Gate Value Differential Between Global Standard Assay And Current
Assay Based On Quality Changes
16058} Gate Values are estimates of crude value made based on crude quality

information. Refinery Gate Value is defined as:

—~ - N . . . i . - ;
GateValue = :}M ProductYield » ProductPrices £ ProduciQualityAdjusmenis

praducts
(rate value is typically calculated using generalized (vector) refinery models based on
estimates of crude quality. Gate Values are widely used within the petroleum
industry, and software/models for calculating gate values are commercially available

{see for instasce Argus Metback Model at www.argusinediagroup.com).
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Table 2 - Example of EWMA Statistical Calculations

PCT/US2012/070231

q (.02 .03 0.04
Tot Num Resid-q | 3.41984 Resid-q | 341742 Resid-¢ | 3.42172
Num Plus
Points 30Points
62 55
36
Index Highest 0 EWMA | CWMA ™l EWMA § EWMA Dt EWMA | EWMA Diff
Index (i(m}y | Squared ({m)} | Squared (i) | Squared
Preceding
Currond
Date by
>=34 days
{ 27.60 27.69) 27.60
i 27.60 27.60 2760
2 27.60 27.60 2760
3 27.60 27.61 2761
4 27.60 27.61 2761
3 27.61 27.61 27.61
6 27.61 27.61 27.61
7 8 Plus3G | 27.61 | 27.60 0.01 27.61 | 27060 .01 27.62 | 2760 0.01
Start
Index
8 8 2761 | 27.60 8.0! 27.62 1 2760 0.01 2762 | 27.60 0.01
9 39 2761 | 27.61 .01 27.62 1 27.61 0.01 2762 | 2762 0.01
10 34 27.61 | 2761 1 061 | 2762 1 2761 4 001 ) 2763 | 2762 | 001
11 39 27.62 | 27.61 0.04 27.63 | 27.61 0.03 2763 | 2762 0.03
12 39 2762 | 2761 1 0.04 0 2763 P 2760 1 043 | 2764 | 2762 | 003
13 39 2762 | 2761 1 001 | 2763 1 27462 L Q81 1 2764 | 2762 | 0.02
14 80 2762 | 2761 1 001 2762 1 2762 1 041 | 2763 | 2762 | 0052
15 RG 27.63 | 27.61 0.22 27.64 1 2702 $8.21 2765 | 2762 0.21
16 8¢ 27.64 | 2761 026 27.65 | 2762 $.25 2767 | 2762 0.25
17 80 2763 | 2761 1 001 | 2765 1 2762 1 041 1 2766 | 2762 | 0.02
18 104 2763 | 2762 1 000 | 27685 2763 1 000 | 2766 | 2764 | 0.00
19 134 27.0% | 2762 0.01 2765 1 2763 0.00 27.66 | 27.64 .00
20 120 37.63 | 27.63 0.00 2765 1 27.65 0.00 2766 | 2766 0.00
21 120 27.63 | 2763 0.00 27.63 1 27.65 0.00 27.65 | 27.66 0.00
22 138 2763 1 2763 1 005 | 2764 1 27065 | Q06 | 2764 | 2766 | 0.07
23 143 27.63 | 2763 1 000 | 2764 1 2765 | 000 | 2764 | 2766 | 000
24 143 27.63 12763 | 002 | 2763 1 2765 1 0402 12764 | 2766 | D03
23 143 27.62 | 27.63 (.03 27.63 1 2768 0.06 2763 | 27.66 0.07

SUBSTITUTE SHEET (RULE 26)
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26 143 2762 1 2763 1 005 | 2762 1 2765 | 086 | 2762 | 2766 | 007
27 143 27.63 1 2763 1 03% | 2764 1 2765 1 037 | 2764 | 2766 | 036
28 166 2763 12763 1 000 | 2764 1 2765 1 D00 | 2765 | 2766 | 0.00
28 166 2763 | 2763 | 000 | 2764 | 2765 1 000 | 2765 | 2766 | 0.00
36 173 2764 1 2763 1 032 | 2760 1 2764 1 030 | 2767 | 2764 | 030
31 173 27.64 | 27.63 | 002 2765 1 2764 ¢ 002 | 2766 1 2764 | 0.02
32 178 2764 | 2763 | 005 | 2765 1 2764 1 006 | 2765 1 2764 | 006
33 |87 2765 | 2763 | 005 | 2766 1 2764 ¢ 024 | 2767 | 2704 | 024
34 187 27.64 | 2763 1 002 | 2766 | 2764 1 002 | 2767 | 2764 | 002
35 187 2764 | 2763 | 002 | 2765 1 2764 1 002 | 2766 | 2764 | 002
36 210 27.64 | 2764 | 000 | 2765 1 2765 1 000 | 2766 | 2765 | 0.00
37 210 2764 1 2764 1 000 | 2765 1 2765 1 000 | 2766 | 2765 | 000
3R 210 2763 1 2764 1 019 | 2764 127065 1 020 | 2764 | 2765 | D21
39 210 2762 | 2764 1 001 | 2763 1 2765 0 D12 | 2763 | 2765 | 012
46 322 2763 | 2764 1 000 | 2763 1 2766 1 000 | 2763 | 2767 | 000
41 222 2763 | 2764 | 009 1 2764 1 2766 ¢+ 009 | 2764 | 2767 | 008
42 222 27.63 | 2764 1 002 | 2763 1 2706 1 002 | 2763 1 2767 | 003
43 246 2763 1 2764 | 000 | 2763 1 2765 1 000 | 2763 | 1766 | 0.00
44 246 2763 1 2764 | 000 | 2763 ¢ 2765 1 000 | 3763 | 27.66 | 0.00
43 250 2763 1 27.62 1 000 | 2763 | 2763 | 000 ) 2763 | 2763 | 000
46 250 2763 1 2762 1 001 | 2764 1 2763 1 DJ0 | 2764 | 2763 | 0.1
47 230 27,64 | 2762 1 001 | 2764 1 2763 1 081 | 2763 | 1763 | 001
48 256 2763 | 2763 1 000 | 27.64 1 2763 | 000 | 2764 | 2763 | 000
45 262 2763 | 2763 1 002 | 2764 1 2764 1 002 | 2764 | 2764 | 0.02
50 271 2763 1 2763 1 002 | 2763 § 2763 1 D02 | 2763 | 2763 | 002
31 283 27.64 1 2763 | 029 | 27635 © 2764 1 028 | 2765 | 2764 | 028
52 286 2763 12764 1 011 | 2764 1 2764 ¢ 612 | 2764 | 2765 | 012
33 286 2763 | 2764 | 011 | 2763 | 2764 1 042 | 2763 | 2765 | 012
54 291 2763 | 27.63 1 004 | 2763 1 2764 | 004 ) 2763 | 2764 | 003
33 281 2763 | 27.63 | 0.02 | 2763 | 2764 | 002 | 2763 | 2764 | 002
56 302 2763 | 27.63 | 002 | 2763 | 2763 | 0.02 | 27.62 | 2763 | 0.02
57 302 2763 | 2763 | 0.07 | 2763 | 2763 1 007 | 2763 | 2763 | 0.07
58 31 2764 | 2763 1 027 2765 1 2764 1 026 | 2766 | 2764 | 036
39 324 2764 1 2763 1 002 12765 1 2763 | 002 | 2765 | 2763 | 002
60 330 2764 | 2763 1 002 | 2764 1 2763 1 002 | 2764 | 27.63 | 0.02
&1 334 2764 | 2763 1 G081 2764 1 2763 | 001 | 2765 | 2762 | 0.0

SUBSTITUTE SHEET (RULE 26)
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0059} Some significant quality changes do not have material impact on crude oil
values. Figure 7 shows the time series API gravity data for Murban crude o1l from
December 2003, through November 2007, The API gravity demounstrated a
significant change from the Recommended Assay value of 39.4 APl gravity during
3Q06 to an average value of approximately 40.3 API gravity during the second balf
of 2007. The gate value differential during this time, shown in Figure 8, was less
than 0.10 $/B absolute. The change was due to small shifts in the yield structure of
the crude which affected the AP Gravity, but had a negligible economic impact.
{6060} Conversely, crude oil gate value may change significantly while typical
crude quality indicators such as API gravity show little variation. Therefore, Virtual
Assay or alternative techniques can be utilized to determine the crude oil value
compared to the Recommended Assay and trending this over time will provide
additional information that can be used to identify and prioritize potential assay
updates.

[6061] - Figure 9 provides an example that AP gravity of Cerro Negro SCO over
time has not demonstrated a significant change. However, as shown 1 Figure 10, the
delta value between current crude oil quality versus the Recommended Assay
demonstraies a crude oil value decrease of approximately 1.00 $/B. This change was
due to an increase in 1050+ F resid yield of approximately 2% absolute as indicated
in Figure 11. The API gravity did not experience a significant increase since the
resid yield was balanced by a increase in naphtha {68F — 160 F) yield as shown in
Figure 12.

Update Recommended Assay As Warranted

6082} A primary objective of a crude oil monitoring program is to wdentify
grades which require a Recommended Assay update. Once a determination has been

made that an assay update is required, the monitoring information may be used to:
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s [mplement the Virtual Assay information as the new Recommended Assay
# Signal the need to obtain a crude oil sample for a new wet assay to develop the
new Recommended Assay
» Define the acceptable range of the crude oil sample to be used for the new wet
assay
Employ Laboratory Checks To Ensure Consistency Of Resulis
6063} A procedure to ensure congistency of the spectroscopic, physical property,
and tuspection tests results is required since numerous laboratories will be involved
in the data generation. Consistency of speciroscopic data is ensured by application of
methods such as those described in ASTM E1866. Consistency of physical property
and inspection tests are ensured by application of quality assurance procedures such
as those described in ASTM D6299.
{6064} A laboratory cross check program such as those implemented by ASTM
desigued to detect deviations beyond normal variations is unplemented. If laboratory

results are cutside expected tolerances, then appropriate corrective action is required.

ERE
16065] The presently disclosed subject matter is not to be liratied in scope by the specific
cmbodiments described herein. Indeed, various modifications of the invention in addition to
those described herein will become apparent to those skilled in the art from the foregoing
description and the accompanying figures. Such modifications are intended to fall within

the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method for monitoring global crude oil quality comprising:

obtaining at least one sample of a crude oil representative of the current quality of the
crude oil;

analyzing the at least one sample of the crude oil and generating characterization data
based upon the analyzing of the at least one sample by laboratory distillation, spectroscopic
techniques, or a combination of spectroscopic techniques and physical inspections;

estimating values of properties of an assay of the crude oil by analyzing the generated
characterization data from the at least one sample to form an estimated assay;

storing the estimated values of the properties of the estimated assay in a database;

determining deviations of the values of the properties of the estimated assay for the
crude oil from the values of the properties of a known recommended assay for crude oil
having a known quality, wherein the values of the properties of the known recommended
assay are stored in the database wherein the known recommended assay is a single
representation of yields and qualities used to characterize current crude oil quality;

determining a statistical significance of the deviations of the values of the propérties
of the estimated assay from the values of the properties of the recommended assay to
determine if the crude oil quality of the at least one sample is different from the quality of the
recommended assay;

generating a new recommended assay for the crude oil if the deviations of the values
of the properties of the estimated assay from the values of the properties of the recommended
assay are significant; and

storing new recommended assay in the database.

2. The method of claim 1, wherein determining the statistical significance of the
deviations of the values of the properties of the estimated assay from the values of the
properties of the recommended assay includes determining if the statistical significance
indicates a change in the economic valuation of the crude oil between the estimated assay and

the recommended assay.

3. The method of claim 2 further comprising generating a notification if the

economic difference is statistically significant.

4. The method of claim 2, wherein determining the statistical significance of the

deviations of the values of the properties of the estimated assay from the values of the
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properties of the recommended assay includes detecting and removing values which may be

outliers that may distort the statistical significance of the economic difference.

5. The method of claim 1, wherein determining deviations of the values of the
properties of the estimated assay for the crude oil from the values of the properties of a known
recommended assay for crude oil includes determining time series values for the properties of

the estimated assay over a period of time.

6. The method of claim 5 further comprising comparing the properties of the

time series values to values of the properties for the recommended assay.

7. The method of claim 1 wherein determining the statistical significance is

carried out by an exponential weighted moving average predictive algorithm.

8. The method of claim 1, wherein storing the new recommended assay in the

database includes replacing the known recommended assay with the new recommended assay.

9. The method of claim 1, wherein the estimated assay is one of a virtual assay

and a modified virtual assay.

10. The method of claim 1, wherein generating the new recommended assay is

generated from a wet crude oil assay.

11. The method of claim 1, wherein generating the new recommended assay is

generated from a modified virtual assay.



