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PROCESS AND APPARATUS FOR PROCESSING SIGNALS

This invention concerns a process and an apparatus for processing signals. It
applies in particular to the processing of signals representative of the measurements made
on samples in order to determine similarities between them. More specifically, this invention
applies to the signals generated by a chromatograph in order to determine whether two
samples of oil come from reservoirs or horizons that are connected.

The characterization of reservoir continuity provides information aimed at
reducing the key uncertainties in an oil field whose exploitation is being contemplated, and at
planning and implementing optimum reservoir development. Such characterization is
therefore of great interest to the oil industry.

Reservoir characterization and reservoir continuity studies can be achieved in
various ways. Some examples of characterization methods aimed at estimating reservoir
compartmentalization are PVT (Pressure, Volume, Temperature) measurements, isotope
analysis, GCMS (Gas Chromatography - Mass Spectrometry) techniques or FTIR (Fourier
Transform Infra Red) spectroscopy, and multidimensional gas chromatography.

Among these methods, the use of oil fingerprints obtained by the analysis of gas
chromatograms of crude oil is one of the quickest and least expensive.

The oil fingerprint technique is relatively simple to implement. It consists of
comparing various gas chromatograms of samples from different wells in an oil field. The
differences between the chromatograms are used as indicators to identify possible barriers
between the reservoirs covered by these wells.

Since the beginning of the 1980’s, this technique, called ROF (Reservoir Oil
Fingerprinting), has been widely used to estimate the connections between reservoirs or,
what amounts to the same thing, the presence of flow barriers between two reservoirs. The
ROF method is based on the comparison of several chromatograms obtained in the same
chromatographic conditions. More specifically, it is based on the differences between the
peak height ratios of the various samples analyzed.

The two peak heights used to calculate each ratio are generally selected so that
they are close to one another in order to avoid differences due to phenomena other than
reservoir compartmentalization, such as evaporation, gravitational gradients, and the
immobilization of heavy components in the chromatograph. In effect, the incoherencies
introduced by these mechanisms are particularly significant for components having

significant retention time differences.
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It is generally accepted that the accuracy of chromatographic analysis is on the
order of 1 to 3%. Based on that range, differences in peak height ratios of 5 to 10% or even
more cannot be attributed to analytical errors and should represent real differences in crude
oil composition. It is therefore customary to use a restricted selection of the most
discriminating ratios in order to separate crude oils into meaningful groups. These groups
can then be represented on star diagrams that represent the ratios in one plane in order to
facilitate comparison.

However, this technique presents serious limitations, particularly with respect to
the uncertainties as to peak height ratios: the repeatability deviations of the analysis
conditions and the deterioration of the chromatographic column over time play a decisive role
that is not taken into account. Furthermore, the uncertainty as to each ratio is highly
dependent upon the chromatographic peaks used in this ratio. Problems such as coelutions
(simultaneous detection of different components poorly separated by chromatography) or
measurement noise result in specificity of the error assigned to each ratio. This problem can
lead to erroneous interpretations of the chromatographic data. As proof of this, changing the
list of the peak height ratios to be used in a star diagram can lead to very different results.

In addition, since only a restricted number of peak height ratios is considered, the
star diagram is only a partial representation of the spatial topology of all of the peak height
ratios. Furthermore, slight but numerous differences in composition between samples can
have a considerable impact. This compositional variability and the subsequent difficulty of
restricting the number of peak height ratios selected can lead to erroneous results.

Other interpretations using GC (Gas Chromatography) peak height ratios in
statistical methods are also possible, such as ascending hierarchical classification, main
component analysis, or fuzzy logic classification.

However, it is important to note that all these methods are based on relative
differences in peak height ratios, the uncertainty of which is undetermined. The results
obtained are therefore not expressed in absolute terms and are restricted to the comparison
of crude oil samples on a scale that is never the same from one series of comparisons to
another. .

In other words, the current state of the art does not provide a scale on which
differences between samples can be universally measured. The experience acquired on past
projects is therefore of little use for future projects. This is all the more annoying because
there may be slight differences in composition within a single reservoir or reservoirs that are
after all connected (phenomenon of compositional gradients). In the current state, since the
amplitude of these phenomena cannot be universally quantified, specialists cannot determine

whether differences between samples do or do not signify actual permeability barriers

between reservoirs.
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This invention is aimed at remedying these disadvantages.

To that end, this invention is first aimed at a process of determining similarities
between signals from a sample analysis step using a single type of measurement apparatus,
characterized in that it comprises:

- a step of determining a value for each parameter of an uncertainty model related
to said signals by processing homologous characteristic elements in at least two signals
derived from the analysis of similar samples, and

- a step of determining a similarity measurement between signals based on each
parameter value of the said uncertainty model and of homologous characteristic elements in
the signals whose similarity is being measured.

The term "homologous" refers to signals that are characteristic of a specific
measurement present in the various analyses, i.e., peaks of a given compound in different
signals (in the specific case of chromatography, the peaks of a given compound present in
different chromatograms).

As a result of these methods, the similarity measurement is directly related to the
uncertainty of the measurements. It is observed that the higher the number of peak height
ratios associated with the signals, the more precise the determination of the values of the
uncertainty model and the more accurate the similarity measurement. Note here that the
similar samples do not necessarily come from a single initial sample: the same sample may
merely be analyzed twice, or two samples may be independently taken from the same
reservoir and then analyzed.

In some embodiments, during the value determination step, a mathematical
uncertainty model is optimized so that it corresponds to the theoretically expected differences
between the homologous characteristic elements in the signals from similar samples.

In some embodiments, during the value determination step, a mathematical
uncertainty model is optimized so that the distribution of the Student variables constructed
from the said model corresponds to a theoretical Student distribution with one degree of
freedom of the differences between the homologous characteristic elements in the signals
from similar samples.

In some embodiments, during the parameter value determination step, the
parameter values minimize the quadratic distance between a theoretical cumulative
distribution function and the cumulative distribution function obtained with the characteristic
elements of a pair of signals from similar samples.

In some embodiments, during the similarity measurement determination step, the
mean difference is determined between the distribution obtained by calculating the

differences between the homologous characteristic elements in the signals whose similarity
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measurement is being determined and a theoretical distribution based on the said parameter
values.

In some embodiments, during the similarity measurement determination stage,
the mean difference is determined between the distribution obtained by calculating the
differences between the homologous characteristic elements in the signals whose similarity
measurement is being determined and a theoretical Student distribution based the said
parameter values.

In some embodiments, during the similarity measurement determination stage,
the mean difference is determined between the distribution obtained by calculating the
difference between the homologous characteristic elements in the signals whose similarity
measurement is being determined and a theoretical Gaussian distribution based on the said
parameter values.

In some embodiments, during the similarity measurement determination stage, a
deviation between the samples is supplied based on the said mean difference.

It is observed that this deviation is independent of the number N of accessible
ratios and independent of the sample analysis system, that this deviation is global and
absolute (the deviation being independent of the sample analysis system). This deviation
makes it possible to create case study databases directly usable for comparisons with any
new study project or any new sample analysis apparatus. In effect, since the deviations
between the samples are expressed on an absolute scale, the knowledge acquired at one
site can be utilized for subsequent studies. For example, for an application to an oil field
exploitation project, these databases make it possible in particular to establish composition
(or similarity) variation thresholds after which a barrier can be considered to exist between
the reservoirs that supplied the crude oil samples.

In some embodiments, during at least one determination step, the homologous
characteristic elements are peak heights present in the different signals. It is observed that
this implementation method is preferentially suited to the use of a Gaussian distribution.

In some embodiments, during at least one determination step, the homologous
characteristic elements are peak height ratios present in the different signals.

It is observed that this embodiment is preferentially suited to the use of a Student

distribution.
In some embodiments, during the analysis step, a gas chromatograph is used to

supply chromatogram signals.
It is therefore possible to determine the similarities between samples that can be

analyzed with such a chromatograph, such as samples of crude oil.
In some embodiments, during at least one determination step, an uncertainty

model described by the following equation is used:
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(:O'é;h‘ = (a.Hi + B)

in which azand S are parameters to be optimized and H; is the normalized height
of peak /.

The inventor has in fact determined that such an uncertainty model does
correspond to numerous sample analyses, such as chromatographic analyses.

Second, this invention is aimed at an apparatus for determining similarities of
signals from a sample analysis step using a single type of measurement apparatus,
characterized in that it comprises:

- a means of determining a value for each parameter of an uncertainty model
related to the said signals by processing homologous characteristic elements in at least two
signals from the analysis of similar samples, and

- a means of determining a similarity measurement between signhals based on
each parameter value of the said uncertainty model and homologous characteristic elements
in the signals whose similarity measurement is being determined.

Since the advantages, objectives, and special characteristics of this apparatus are
similar to those of the process according to this invention, as briefly explained above, they
are not described herein.

Other advantages, objectives, and special characteristics of this invention will
become apparent from the following description, which is for explanatory purposes and in no
way limits the attached drawings, in which:

- Figure 1 schematically represents a first implementation method of a device
according to this invention,

- Figure 2 schematically represents an oil field with wells,

- Figure 3 schematically represents extracts from gas chromatograms of samples
of crude oil, and

- Figure 4 represents, in the form of a logic diagram, the steps taken in a specific
embodiment of the process according to this invention.

As explained above, this invention concerns, in general, a process and an
apparatus for processing signals. It applies in particular to the processing of signals
representative of measurements made on samples in order to determine similarities between
them, as explained in relation to Figure 1. More specifically, this invention applies to signals
generated by a chromatograph in order to determine whether two samples of oil come from
reservoirs or horizons that are connected, as explained in relation to Figure 2.

Figure 1 shows a local terminal 105 equipped with a printer 110, a means of
capturing physical quantities 135, and a means of access 115 to a network 120 to which a

server 125 is connected. The server 125 is furnished with a database 130.
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The local terminal 105 is, for example, a commonly used computer. The local
terminal 105 commands the printing of sample similarity tables and the interpretation of such
tables. The means of access 115 to the network 120 is, for example, a modem of a known
type permitting access to the network 120, for example the internet.

The server 125 is of a known type. The database 130 contains at least a list of
similarity or deviation measurements between samples already processed using the process
according to this invention, along with sample identifiers and possibly means of capturing
physical quantities 135 used to analyze the said samples.

The terminal 105 contains software which, when run, implements the steps in the
process according to this invention. The server 125 contains software which, when run,
implements the steps of a similarity or deviation measurement storage and access process.

Alternatively, the terminal 105 does not contain specific software but implements
a web browser and a web service contained in the server 125.

The terminal 105 and/or the server 125 is adapted to determining similarities in
signals from the same means of capture 135, also called "measuring device." To that end,
the terminal 105 and/or the server 125 contains:

- a means of determining a value for each parameter of an uncertainty model
related to the said signals by processing homologous characteristic elements in at least two
signals from the analysis of similar samples, and

- a means of determining a similarity measurement between signals based on
each parameter value of the said uncertainty model and homologous characteristic elements
in the signals whose similarity measurement is being determined.

These means are, for example, composed of a microprocessor 140 and
memories 145 containing an operating system 150 and application software 155 containing
instructions to implement the process according to this invention.

Lastly, in a known manner, the local terminal 105 is equipped with a dispiay
screen 160 and means of control 165, for example a keyboard and a mouse.

The following describes an implementation of this invention for processing signals
from a means of capture 135 composed of a gas chromatograph adapted to produce
chromatograms of crude oil samples. However, this invention is not limited to this type of
means of capture, but on the contrary extends to all types of means of capturing physical
quantities, such as sound, mechanical, electrical, or magnetic signals, vibrations, or images.
It makes it possible to determine a level of similarities between signals from such means of
capture. For example, this invention can be used to recognize or differentiate voices,

pronounced words and phrases, objects present in visual or audio scenes, seismic shocks,

and electromagnetic waves.
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In the case of application to the oil industry, this invention uses a new statistical
method for analyzing gas chromatograms, which is based on a coherent quantification of the
uncertainty of peak height measurements. The quantification of the uncertainties inherent to
each peak height permits a more precise differentiation. Note that it may be used in other
fields, such as commingled streams allocation.

Figure 2 shows underground crude oil reservoirs 210, 215, and 220 in an oil field
205. Sample collection wells 225, 230, and 235 permit the collection of samples in each of
the reservoirs 210, 215, and 220, respectively.

One of the problems posed for the exploitation of this oil field is the number of
wells necessary to reach all the reservoirs. Correlatively, there is an effort to find reservoirs
that are connected by an oil flow such as reservoirs 210 and 215 in Figure 2, and reservoirs
that are not connected, for example reservoir 220 is not connected to reservoir 210 or to
reservoir 215. The processing of gas chromatograms using the process according to this

invention makes it possible to estimate a similarity of the chemical compositions of the crude

oil samples collected and, accordingly, to provide a probability of connection between

reServoirs.
Two chromatogram extracts 305 and 310 illustrated in Figure 3 show that each

chromatogram extract contains peaks, 315 to 325, and 330 to 340. respectively. These peaks

may be facing each other on the two chromatograms, like peaks 315 and 330. They may
also be very close on the same chromatogram, like peaks 335 and 340. If the height of one
peak influences the height of the other, there is coelution.

In the remaining of the description, the peak height ratios of each chromatogram
are considered that chromatogram’s footprint. Note that as many peaks as possible, even all
the peaks, are used. These peaks are common to all the chromatograms, i.e., the peaks
have the same Kovats index to within one chromatographic peak width.

It should be noted here that Kovats indices are relative retention values calculated
so as to be independent, to the first order, of the chromatographic conditions in which the
samples were analyzed. The Kovats index of a compound i is calculated using the following
equation:

KovatsID(i) = 100.(nCy4+(logo(t)-10g10(tci-1))/(logro(tei)-log 10(tci))
where:

KovatslD(i) = Kovats index of compound i,

nci.i = Number of carbons of the n-paraffin located just before compound i,

t; = Retention time of compound i,

tcis = Retention time of the n-paraffin located just before compound i, and

tci = Retention time of the n-paraffin located just after compound i.
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As can be seen in Figure 4, in a specific embodiment, the first step 400 of the
process consists of making a chromatogram for each sample collected, and identifying the
chromatograms that involve samples from the same sample collection well.

Then, in a step 405, the peaks of the signals representing the chromatograms are
normalized so as to offset the differences in injected volume of the samples in the
chromatograph system, as expressed below with respect to Equation (4). In this same step
405, the homologous peaks from all the chromatograms are selected, i.e., those having the
same Kovats index. This provides characteristic measurements specific to each sample in
the form of the selected peak heights.

In a step 410, N ratios of these characteristic measurements are calculated for
each sample.

In a step 415, N Student variables are constructed from the N ratios of each pair
of samples and from an uncertainty model whose parameters are to be optimized.

In a step 420, from the pairs of analyses assumed to be similar and from the
Student variables, the values of the parameters that optimize the uncertainty model are
determined.

In a step 425, all the Student variables for all the other pairs of analyses are
calculated using the parameters optimized in step 420.

In a step 430, for each pair of analyses, the mean difference between the
distribution of the N Student variables and a theoretical Student distribution with one degree
of freedom is calculated.

In a step 435, the mean deviation is established between sets of N random data
distributed according to a Student distribution and a theoretical Student distribution. The
standard deviation is also calculated. These values represent the expected natural variability
for N variables.

in a step 440, the mean deviation determined in step 435 is subtracted from the
mean difference determined in step 430 so as to define a zero difference when two analyses
are similar. The uncertainty as to the mean difference between two analyses is also given by
the standard deviation determined in step 435.

With respect to steps 415 and 420, a mathematical model is constructed in order
to estimate the uncertainties as to the peak height ratios between two chromatograms using
the pairs of analyses pertaining to the same crude oil sample(s) and using the theoretical
distribution of the expected errors (in the case of peak height ratios: Student distribution with
one degree of freedom).

The uncertainty model must meet two criteria: it must be sufficiently flexible so
that the distribution of the Student variables (constructed from the uncertainty model) is in

keeping with the Student distribution with one degree of freedom, but is at the same time

8
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sufficiently general to apply to a series of analyses relatively close to one another in time.
Numerous tests were conducted in order to find the best compromise between these two
criteria.

With respect to the model distribution curve (Student distribution with one degree
of freedom), it can be shown that the variables constructed from Equation (2) below are
distributed according to a Student law with one degree of freedom. In this case, this model
curve is therefore fixed once and for all. However, the technique used could also be applied
to more conventional measurements having a Gaussian type error, for example using peak
heights instead of peak height ratios. In this case, since the variables are not in the form of
ratios, it is simply necessary to use the normal law instead of the Student law with one
degree of freedom.

The number of analyses to be done successively on a single batch, i.e., a single
series of analyses with the same means of capture, in this case the same chromatograph, is
restricted for two main reasons. First, the chromatographic analysis of crude oil takes time. In
addition, chromatographic data are increasingly altered as more analyses are done with the
same chromatographic column.

Since the number of measurements of the height of the same peak of the same
fluid is very limited, the common uncertainty calculations, such as standard deviation, cannot
be done with precision.

For the implementation of the process according to this invention, the numerous

peak height ratio measurements in each chromatogram are used. The Student variable { is
used, which is expressed as:

(x-4)

=
O-e/\/; (1)

in which:

X is the mean value of the sample for a descriptive variable x,

H is the expectation for variable x,

O is the standard deviation estimator for the population, and
7 is the number of independent measurements in the sample.

In our case, the variables are the peak height ratios.
For two chromatograms representing the same crude oil, the expectation y is zero

for each variable. In such a configuration, the Student variable { associated with each peak

height ratio can be written:
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H, H,
JJ Chromato.1 Y Chromato.2
ti‘ = = . , .
] (
\/ H; / f, Chromato.1 H / H,; Chromato.2 (2)

where H; is the normalized height of peak /.

The distribution of such a variable is known as Student distribution with one
degree of freedom. When the number of variables ¢; for each chromatogram is reasonably
high, the theoretical distribution of such variables is approached if the denominator in
Equation (2) is correctly estimated.

Four error factors can be determined in the measurements in the chromatograms:

- The first concerns the peak height in the measurement, where it can be
considered that the lower the peak, the higher the relative error;

- The second refers to the phenomenon of coelution, which has a direct effect on
peak height; the greater the coelution, the more a peak is modified by the contribution of
neighboring peaks; the ratio between the peak heights and the height of its highest valley
gives a good representation of the degree of coelution;

- The third concerns the difference between the retention times of a given
compound in successive analyses; in effect, if the retention time of a given compound varies
from one analysis to another, the peak height measurements may be estimated erroneously
due to the phenomenon of coelution, the positioning of the baseline, or erroneous
identifications;

- The last factor involves the height of the baseline: the higher the baseline, the
greater the uncertainties on the peak height measurement. All these factors were integrated
in conceptual models. Each of these models was tested with different sets of data in order to
determine its accuracy and its strength.

In order to optimize the conceptual model, since a pair of chromatograms comes
from the same crude oil sample, the cumulative distribution function, or CDF, of the t
variables on each peak height ratio should follow the same trend as the theoretical t-Student
distribution with one degree of freedom.

These considerations were used to optimize the models: their optimum values are
the values that minimize the quadratic distance between the theoretical CDF and the
experimental CDF obtained with pairs of chromatograms from the same sample of crude oil.

The best uncertainty model is therefore the one that minimizes this criterion, but
also the one that has the best potential of being universal. This latter requirement is
evaluated by splitting the pairs of chromatograms of the same samples of crude oil into two

groups: the first is used to optimize the parameters of the model and the second is used to

10
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validate its universality. Universality means that the validation data (pairs of samples not
used for the optimization of the uncertainty model but acknowledged to be similar) must
exhibit a similarity comparable to that found for the data used for optimization. If this is not
the case, the uncertainty cannot be used, for example due to an excessively rapid change in
the measurement system. It is therefore recommended that the same sample be analyzed at
the end of the series of samples as at the beginning. Alternatively, the parameter values
determined at various stages of the series of samples analyzed are interpolated.

The various simulations lead to the reduction of the number of variables in the
uncertainty estimate and the best conceptual model can be described by the following
equation:

(6I8Y = (a.Hi + f)* (3)

in which @ and [ are parameters to be optimized and H; is the normalized height

of peak /.
The peak heights are normalized in order to avoid potential effects of scale, using

the following formula:
Fluide 1
H,

1 Ny
_Z Hfluide[
NH J (4)

In effect, as illustrated in Figure 3, peak amplitude may vary considerably from

< HIFIuiu'e I ) —

Norm

one fluid to another without increasing the relative uncertainty.
The calculation of the propagation of uncertainties can then be expressed as

2
o =HL/ (.H, +p) {g—/] (@, +pf
’ ' (5)

which permits the transposition of the peak height uncertainties to peak height
ratios.

The distributions of the experimental (Equation 2) and theoretical Student
variables are then compared in order to obtain an absolute measurement of the differences
between the footprints composed of the chromatogram peak height ratios.

It is known that the characterization of the barriers between oil reservoirs is often
complicated by the variability of the fluid composition in a given reservoir. Since the
conventional method used to characterize compartmentalization is applied on a relative
scale, and with a restriction of the peak height ratios, the composition variability due to true
compartmentalization or due to thermo-gravitational (or other) effects cannot be quantified.

In order to solve this critical problem, the inventor has calculated an absolute

deviation between the samples of crude oil. From one case to another, since the deviations

11



10

15

20

25

30

WO 2010/051171 PCT/US2009/061031

are expressed on a comparable scale, the exact involvement of flow barriers and internal
reservoir variability can be quantified and therefore taken into account. However, since the
uncertainties on peak height ratios are not the same from one series of analyses to the next,
the inventor has opted to use the Student t variable distribution curves obtained for each pair
of fluids. Since each analysis is transposed in terms of t-variables, and since these variables
are independent of the amplitude of the uncertainties, the mean deviation between the
theoretical and experimental CDF values is expressed on a universal scale. Using the natural
variability of N random variables (N being the number of peak height ratios used) distributed
according to a Student distribution with one degree of freedom, the uncertainty on the
evaluation of difference can also be estimated.

The simplest way to evaluate the mean deviation between the theoretical and

experimental CDF values consists of applying the following formula:

[ 2
DFluidel ! Fluide2 = ﬁ \/Z (CDFI«‘Iuidel/ Fluide2 (t/ ) - CDFTheo (tl )) (6)

i=1
in which;

CDF ;o1 imace2 (¢, ) 18 the CDF associated with each experimental variable ¢;
CDF,,, (t,) is the CDF associated with the same theoretical variable ¢;, and

N is the number of t-variables.

However, this method is not sufficient when some experimental CDF values are
narrower than the theoretical CDF. In such cases, the calculated deviation between the CDF
values would be large, while any single-point comparison of the pair of chromatograms would
be closer than expected.

This situation appears when the pairs of chromatograms used to establish the
uncertainty model are less distant than others that were not used. This may occur because
the CDF comparison method is sensitive enough to register the gradual deterioration of the
chromatograph columns during the cycle of analyses of a set of crude oil samples.

The mean deviation between the experimental and theoretical CDF values is

finally calculated using the following formula:

1 n
D et ttwider = — Z d,.
nio

(7)
The values of the d; depend on the values of the variables t/ :
Si t/ < O : d/ = CDFI:‘.\'/) (t/ )_ CDF[‘/M) (t/ ) (8)
Si ti > O : dl = CDFI‘/R’U ([I ) - CDF‘I:\’[) (tl ) (9)
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This result avoids penalizing experimental distributions that are narrower than
expected according to the uncertainty model: such a case would be represented by a
negative difference.

With respect to the expression of the uncertainty on the various calculations, a
generator of random variables distributed according to a Student distribution with one degree
of freedom was constructed. It can be used to do a simulated CDF with N random variables
to calculate its differences from the theoretical CDF according to Equations (7), (8), and (9).

This process can also be repeated hundreds of times in order to estimate its
standard deviation. This latter value corresponds to the natural variability of simulations of N
variables. If the number of random variables N coincides with the number of independent
ratios of the set of real data, it can be used as a reliable estimate of the uncertainty on the
difference between experimental and theoretical CDF values.

In a step 445, the deviations between the footprints are stored on an absolute
scale in a database. Which permits the creation of case study databases directly usable for
comparisons with any new study project. In effect, since the deviations between samples are
expressed on an absolute scale, the knowledge acquired on a series of analyses can be
utilized for subsequent studies.

Among other things, these databases make it possible to establish composition
variation thresholds beyond which a barrier can be considered to exist between the
reservoirs that supplied the oil samples.

In a step 450, recommended deviation thresholds can be recovered from the
database beyond which samples are considered as not coming from interconnected
reservoirs.

In a step 455, on the basis of the recommended thresholds or thresholds
specifically determined for the project, samples that come from reservoirs that are probably
interconnected can be estimated based on the deviations between samples.

Table 1 below concerns two data sets consisting of several sample analyses.
Each data set contains analyses of fluids from different wells but from the same oil field.

Some samples were analyzed twice in order to construct the uncertainty model on
each data set and in order to validate it.

In Table 1, the order in which the analyses were made has been preserved. This
can be important because the quality of the peak height measurements can deteriorate as

the analyses progress. For each data set, the uncertainty model was constructed with the

first sample.
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Table 1
Data set 1 Data set 2
Analysis  Sample Analysis Sample
A1 1 A1 1
B1 2 B1 2
C1 3 C1 3
D 4 D1 4
5 D2 4
6 C2 3
7 B2 2
C2 3 A2 1
B2 2
A2 1

The following describes an example of implementation of the process according
to this invention. In this example, only sample 1 (analyses A1 and A2) was used to obtain the

uncertainty model for each data set. The result is given in Table 2 below:

A1 A2 B1 B2 C1 C2 D E F
A2 -0.002
B1 0.198 0.195
B2 0196 0.194 -0.023
C1 0.182 0.181 0.156 0.167

C2 0.180 0.180 0.159 0.161 -0.015
D 0.190 0.189 0.145 0.151 0.073 0.093
E 0.198 0197 0.087 0.099 0.157 0.160 0.146
F 0.192 0191 0.062 0063 0.156 0157 0.145 0.087
G 0196 0193 0049 0.059 0154 0157 0.142 0.056 -0.002
Analyses B1 and B2 (sample 2) and analyses C1 and C2 (sample 3) validate the
uncertainty model because they are not used to construct it. The analyses of these two pairs
are narrower than expected, since their difference with respect to theory is slightly negative
(-0.023 and -0.015, respectively). This can be explained by the order in which the analyses
were done. Analyses F and G cannot be differentiated either (result of -0.002). This result
means that samples F and G come from reservoirs that are connected, or from separated
reservoirs in which the crude oil has the same chemical composition (also called "false
negatives").
The other analyses show significant differences in composition according to the
values given in Table 2 and the 95% confidence interval (equivalent to +/-0.019). Note that in

order to determine this value of +/-0.019 the standard deviation is multiplied by the multiplier
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1.96 found in the table of Student fractiles. Such a result suggests the existence of flow barriers
between the reservoirs represented by these analyses. However, the fluid composition variability
in a single reservoir is actually not very well known.

As a result, the maximum threshold value beyond which the presence of a flow
barrier between two reservoirs is certain may be greater than zero. The specific
implementation method of the process according to this invention explained herein supplies
absolute measurements between two footprints. It would therefore be sufficient to set this
threshold a single time for a well-known project.

However, by processing the thresholds used on several past projects, a threshold
to apply to a new project can be pre-estimated. As knowledge accumulates, it is also
possible to determine the expected composition deviations for representatives of a given
reservoir based on various parameters such as the distance between sample collection
points, the nature of the reservoir rock, fractures, etc.

On a second data set, the distribution analysis result given in Table 3 below for
the 95% confidence interval (equivalent to +/-0.015) suggests that the differences between
footprints can be entirely attributed to the uncertainty on the peak height measurements. It
can be deduced from this that all the samples from this data set come from the same

reservoir or are “false negatives.” The existence of flow barriers cannot be deduced from

differences in composition.

A1 A2 B1 B2 C1 C2 D1
A2 -0.001
B1 -0.013 -0.014
B2 -0.009 -0.001 -0.021
C1 0.005 0.011 -0.001 0.006
C2 0.004 0.018 -0.003 0.006 -0.003
D1 0.011 0002 -0.002 0.006 -0.008 -0.006
D2 0.001 0.008 0.002 0.002 -0.013 -0.016 -0.005

In conclusion, the process according to this invention provides an estimate of
peak height ratio uncertainty on the basis of solid theoretical knowledge, even if the number
of measurements of each peak height for a given fluid is very limited.

The lesson provided by this invention involves analyzing the distribution of the
differences between two representations (in this case, chromatograms) of the same fluid (for
example, the same sample), instead of focusing on the values of the peak height ratios
associated with those representations. The uncertainty model constructed on two footprints
from the same sample (in this case, crude oil) is applied to the other footprints made with the
same equipment (in this case, the same chromatograph column), and the number of

analyses made for the same data set must be sufficiently restricted to preserve the generality
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of the model. In the implementation method explained in Example 2 above, each sample
results in a pair of analyses supplying pairs of footprints, only one of which was used to
construct the uncertainty model.

In addition, the lesson provided by this invention involves determining a deviation
between footprints on an absolute scale. The distribution of t variables determined for a pair
of analyses is compared to the theoretical distribution obtained if those analyses had come
from the same sample. The mean deviation, compared to the expected natural variability,
provides an absolute measurement of the differences between these two footprints.

The inventor has determined that these uncertainties between two analyses can

be used as a strong basis for estimating the actual deviation between them.
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CLAIMS

1 - Process for determining similarities of signals from a sample analysis step using the same
type of measuring device, characterized in that it comprises:

- a step of determining a value for each parameter of an uncertainty model related
to said signals by processing homologous characteristic elements in at least two signals
derived from the analysis of similar samples, and

- a step of determining a similarity measurement between signals based on each
parameter value of the said uncertainty model and of homologous characteristic elements in
the signals whose similarity is being measured.

2 - Process according to Claim 1, characterized by the fact that during the value
determination step a mathematical uncertainty model is optimized so that it corresponds to
the theoretically expected differences between the homologous characteristic elements in the
signals from similar samples.

3 — Process according to either of Claims 1 or 2, characterized by the fact that during the
value determination step a mathematical uncertainty model is optimized so that the
distribution of the Student variables constructed from the said model corresponds to a
theoretical Student distribution with one degree of freedom of the differences between the
homologous characteristic elements in the signals of similar samples.

4 — Process according to either of Claims 2 or 3, characterized by the fact that during the
step of determination of the value of each parameter, the parameter values minimize the
quadratic distance between a theoretical cumulative distribution function and the cumulative
distribution function obtained with the characteristic elements of a pair of signals from similar
samples.

5 — Process according to Claim 4, characterized by the fact that during the similarity
measurement determination step, the mean difference is determined between the distribution
obtained by calculating the differences between the homologous characteristic elements in
the signals whose similarity is being measured and a theoretical distribution based on the
said parameter values.

6 — Process according to Claim 5, characterized by the fact that during the similarity
measurement determination step, the mean difference is determined between the distribution
obtained by calculating the differences between the homologous characteristic elements in
the signals whose similarity is being measured and a theoretical Student distribution based
on the said parameter values.

7 — Process according to Claim 5, characterized by the fact that during the similarity
measurement determination step, the mean difference is determined between the distribution

obtained by calculating the differences between the homologous characteristic elements in
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the signals whose similarity is being measured and a theoretical Gaussian distribution based
on the said parameter values.
8 — Process according to any of Claims 5 to 7, characterized by the fact that during the
similarity measurement determination step, a deviation between the samples is supplied
based on the said mean difference.
9 — Process according to any of Claims 1 to 8, characterized by the fact that during at least
one determination step the homologous characteristic elements are homologous peak
heights in the different signals.
10 — Process according to any of Claims 1 to 9, characterized by the fact that during at least
one determination step the homologous characteristic elements are homologous peak height
ratios in the different signals.
11 — Process according to any of Claims 1 to 10, characterized by the fact that during the
analysis step a gas chromatograph is used to supply chromatogram signals.
12 — Process according to any of Claims 1 to 11, characterized by the fact that during at least
one determination step an uncertainty model described by the following equation is used:
‘U‘;’%)z = {a.Hi+ 3)*
in which ¢ and f are parameters to be optimized and H; is the normalized height
of peak /.
13 — Apparatus for determining similarities of signals from a sample analysis step using the
same type of measuring device, characterized in that it comprises:
- a means of determining a value for each parameter of an uncertainty model
related to the said signals by processing homologous characteristic elements in at least two

signals from the analysis of similar samples, and
- a means of determining a measurement of similarity between signals based on
each parameter value of the said uncertainty module and of homologous characteristic

elements in the different signals whose similarity is being measured.
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