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ABSTRACT

Based on statistical analysis, a method of stage-by-stage structuring and allocation of
the boundaries of the stages of oil field development is proposed. The procedures for
calculating the remaining recoverable reserves and the time to reach the maximum level
of current oil production are given. Based on the values of accumulated oil production
at the final stage of development, using the adaptive Kalman filter, forecasts of oil
production are constructed in discrete time and estimates of the possibility of achieving
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Introduction

The concept of the stage and the criteria for
selection oil fields development stages were
formulated in the mid 70s of last century. The
paper [1] recommends dividing oil production
dynamics into four successive stages and presents
some approaches to identification the boundaries
between the development stages. However, these
approaches are based on heuristic evaluations with
no well-defined criteria. Another methodological
approach proposed in [2], uses the design value
of the initial recoverable reserves (IRR), which
is usually significantly adjusted during field
development. The paper [3] considers the possibility
of oil recovery description by analogy with the
branching-chain reaction dynamics for detection of
development stage boundaries. Weibull distribution
widely used in the theory of reliability is a statistical
analogue of Kolmogorov - Erofeeva’s Kkinetic
equation used here. This distribution, shown below,
is a good approximation of a fourth stage of field
development.

Furthermore, Kolmogorov-Erofeev’s equation
used in the work [3] comes to the two-parameter
Weibull distribution, which is only applied in case
when the shift parameter d (or «minimal run» in
the terminology of the theory of reliability) is equal
to zero. In general, Weibull distribution is a three-
parameter one with 620, defined on a given sample.
The third stage, when there appears water cut
resulted in oil production decline, should be well
described by a Pareto distribution, having a heavy
right tail and reflecting hyperbolic decline in oil
production.

Problems of decline curves analysis, discussed in
the papers [4-7], apply only to the III and IV stages
of the cycle. Empirical equations proposed in the
above-mentioned works give the typical decline
curves only in case of unique solvability. Otherwise,
the question remains undecided.

We should note the variety of solving partitioning
field development life cycle into the individual
stages as well as the variety of their titles which
exists in the literature. For example,[8] consider
four stages (phases) of development: developing,
plateau, decline and mature and using dynamic
counterparts of previous developments define
the basic characteristics of field exploitation: the
cumulative oil production, the ratio of produced oil
and water, etc., and find prediction estimates of oil
production and the remaining recoverable reserves.
[9] divide the process of hydrocarbon deposits
development into three phases: build-up, plateau
and decline, and the fourth phase - decommissioning
is still considered technically feasible for operation,
though unprofitable from a financial point of view,
and therefore recommend transferring the field to
reserve in this phase.

By the way, the life cycle of any commercial
product manufacture is also divided into four
successive phases. In the paper [10], these stages
are named as: introduction, grouth, maturity and
decline, like in the work [11]: introduction to market,
grouth, maturity and decline.

In this paper, based on statistical study the
life cycle is divided into four sequential steps,
conventionally named as: build-up, developing,
decline and maturity. We see that the different
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stages of the oil fields development differ in the
type of distribution of current oil production. On the
basis of maximum compactness we have developed
a methodical approach to the determination of the
boundary points of the adjacent stages within oil
production curve accuracy which help to calculate
the duration of each step. The reliability of the
results is determined by the compliance rate between
the theoretical and empirical distribution functions.

The numerical calculation procedure of the
recoverable oil reserves and the time of peak oil
production have been proposed. Moreover, the
possibility to reduce the Weibull distribution
function values for the current oil production in the
fourth development stage to solution of the logistic
model for normalized cumulative oil production
have been presented, allowing to build one-step and
multi-step o0il production predictions in the final
development stage using an adaptive Kalman filter
in discrete time and evaluate real opportunities
to achieve design performance under the current
system of development.

1. Stage-to-stage structuring of development

Entire life cycle T of oil field development can be
divided into disjoint intervals (stages) Tj (j=1,...,4)
in accordance with the time behavior of basic
development parameter (oil production per year t)
X=q(t). The intervals T; and T, reflect the increase of
X value with a higher speed in T, rather than in Tj,
the interval T; — reflects saturation and the following
sharp decrease of X value, and the interval T, —
relative stabilization with a small decrease of its
values.

In order to identify distribution functions of X
value at the stages Tj (j=1,...,4) let us present the
cycle T= [tl, t;] as a set-theoretical sum of intervals
T/ L (j=1,..,4), preservmg the above
mentione behav10r of X value in the intervals T
correspondingly. With that we will suppose that
neighboring intervals T and T cross (fig.1) and

their crossing T” = [E" ‘. :I fulflls the condition

Jid""

0=t t,=07. (=123), i=t, =t

(1)

The distribution parameters of X value at the
stage T; will be determined based on the learning
sample X", composed of X values at teT

1.1. Data pre-processing

We have collected the data on 20 fields from the
different regions in order to investigate the life cycle
of oil field development.

Let T= [t, t5] denote the life cycle of field
MG=1,....jy) and let q; e denote the time series
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of annual oil production values in the field M i.e.
the given series of observations ¢/ on the discrete
(with the discreteness interval Af=1) set of points

T? < T,. Let us normalize the series {% } - by the

largest value g, =maxg’ substituting

/T/

@ =4/ G
So we’ll obtain the time series {E/ } for each

j-th field with the values q, from the' mterval [0,1].

In order to align these time series to one time

interval let us normalize them in time substituting

?' :t/t*v .:17“'.].07
where th - is ¢, value, at which we can achieve
the maximum value q’ of the factor q, , that is

t; =arg max q,, . As a result, under every fixed jwe’ll
t/ J

obtain the time series {q }

teT

after the mentioned time substitution. With that the
maximum value of these series equal to max qt , will

~, where T —reflects Ta

be obtained in the point t "=1 for all j= 1 " ]0
Figure 2 shows the f1e1d of points corresponding
to the values of time series {q- } r( =1 ---,jo). Let
us denote 7' =minmin7,, 7¢ —m]agnTlaxt , T="7°
J=LJjo 1;€T§ jljgte'l'
Lejt T7° denote the set-theoretical sum
= UT5 cT. Each element of discrete set 17,
=1

which in general is unequal series (non-equidistant
from each other) of points, is assigned one or several
values of ¢;.

Hence, in the plane (7, (7) we have the discrete
set of points {tN, (7;}7570, describing oil production
dynamics within the life cycle T of a certain genera-

lized field M. The dynamics of M field devel-
opment is obtained by smoothing the above

two-dimensional set of points {7, q: }Ha.

G S
P A

i,

it & P BF Fey !

Fig.1. Dividing the life cycle into intervals
T, (j=1..,4)
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Identification of a probability distribution of
a current oil production value ¢, will be carried
out using standard distributions F(x) that are
differentiable functions. Therefore, ¢, needs
preliminary approximation with some smooth
function. For this purpose, we use Savitzky—Golay
smoothing filter, in short SG-filter [12].

The application of SG- filter over the set of points
{7, %}755 provides the best piecewise-polynomial
smoothing with the 4-th order polynoms with a
sliding data review window having the length of
2m+1 with m=8 (fig.3).

The same approximation quality we obtain when
use the nonlinear least squares method which ends

in a fractional rational function dependence (fig.3)
y=(a+cxtex?+gx’+ix*+kx®)/(1+bx+dx*+fx3+hx*+jx°)
with coefficients

a=0.034203417, b=-3.2323297,
d=4.5374077, e=-1.0344214, f=-3.4316344,
g=0.67941989, h=1.1681308, i=-0.08666884,
j=-0.035657196, k=0.003246577.

c=0.40983017,

With that, the coefficient of multiple determination
R?=0.944, which proves a close correlation of clouds
in figure 2.

SG-filter provides the digitalization (f,,q,)
of smoothed oil production values g in the
generalized field M. With that case the values ¢, are
determined as the left ends of sliding given data
review window. To simplify the calculations from
the above subsequence we’ll distinguish a partial

sequence {t,.k .4, }k:% , where i, =1+5(k 1), k =E;
1+5(k, —1)< N <1+ 5k,

Let us divide the subsequence {t into 4

crossing partial sequences T}”,---, T’ that fulfill the
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condition (1), supposing that the life cycle T=[t, t,],

where f#=min¢ , ¢ =maxf .It is obvious that
4 k=Lk, * k=lk, *
Theam = UTJ’.E“’" — is a discrete subset from T. Let X"

denote the set of values g, corresponding to t
from T The learning samples “" will be
used below to identify the distribution of random
value X (annual oil production in M field) in

X. =(xi. x“f), where xj. = min
XEX

e . learn
s ,xXS=max; X" cX..
J J> 7 tearn® ") learn J J
i XEX/

1.2. Numerical implementation of the method

Let us divide the whole life cycle T=[0.027; 14] into
the learning samples T = [th[,the], where 7' =0.027,
ty=0.648; 7' =0.544, 1* =1.131; 7' =1.062, ,* =4.477,

7, =4.063, 7°=14. Learning samples X" of x
values conform to intervals T‘j’?‘””‘

1.2.1 Stage-to-stage structuring

Stage 1

Estimation of distribution parameters

Let us substitute z=Igx for the values x of X, and
advance a hypothesis that the random value X is
distributed on X; by logarithmically normal law

. e : lgx—lgx,
with the distribution function £(x) =®| =—=—
where ®(z) - is distribution function of standard
normal random value (with zero mean and single
dispersion).

With regard

. . _ I
avariable we obtain: lgx, =z,~Z, ==Yz, z=lgx,
g

to specified substitution of

NS

(n=19), 0=0=s, s, = {lzn:(z[ - z)z} .
- n—-1%3
If we insert the values of x; from Xj,"“”” in these
formulas we find z,=-0.740, 0,=0.483.
If the suggested hypothesis is true, then X is

R 1
0.9 7@ o o The Savitzky-Golay smoothing filter

’ S, —approximation with fractional-rationed function
08 - & g, 0.8

o8 8°

07 1 8., «
06 |reinE

6 28, 0.6
05 (b

1S~ 0.4 525%11% 023 1S

4 &g ;{:%s q:% o 0.4
0.3 paigebaian e
02 faf X3 %iﬂ% 02

59 b St

0.1 8% °ZM c%’}%
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{
Fig.2. M(j=1,..,, j)) The dynamics of fields’ Fig.3. The dynamics of generalized
development in normalized coordinates field development smoothed with
The Savitzky—Golay smoothing filter
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distributed in X, by logarithmically normal law with
the distribution function

Fo(x)=®(lgx_lgx°j
o

Goodness-of-fit test

At each stage of development the goodness-
of-fit test of the selected hypothetical distribution
function Fy(x) versus the truth distribution function
F(x), i.e. proof of hypothesis H,: F(x)=F(x), will be
realized owing to Kolmogorov goodness-of-fit test.

Let S is the sample consisting of n
independent observations where n, (n,<n) values
differ. Ordering them increasingly we obtain a set of
variate values

Xy < X@) < <X << Xy

Let the value x, is k; times repeated in the original
sample x,,..., X . Let us construct the empirical
distribution function F,(x):

0, ~0<x <Xy ,
F(x)=4@+k-1)/n, x,<xZx.,, i=l.,n-1 (2)
1, X() SXLO .

Kolmogorov statistic is D, =sup| F, (x) - F,(x)|

We construct a variation series of x values of X jeam
in order to check the hypothesis on logarithmically
normal distribution of a random value X on the
set X;=[0.019; 0.448], and we calculate the value
D, = Qﬁf‘ﬂ(x)—ﬂ(x) E, (x(i))_};;)(x(iq at  each
interval 4, = {x X Sx< x(M)} where [ (y) s
calculated by formula (2). The calculated value D¢
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of D, statistic is found of the relationship

D, =max D, 3)

i=1,n,

For X/ with #n=19 by formula (3) we will
obtain D¢ =0.18. The critical value for Kolmogorov
criterion of goodness if n=19 and a=0.20, is equal to
0.237. As D¢ <0.237 the hypothesis H,: F(x):Fo(x),
if xeX,, can be accepted with the confidence
probability P,=0.8

Similarly, the distribution functions are identified
for the remaining stages. The calculation results of
distribution functions and confidence probability
of fitting criterion for all four stages are shown
in table 1. These confidence probabilities can be
improved by reducing the observation scale.

We should note at each stage of the identification
of the real distribution function F(x) several
competing distributions were considered as
a theoretical distribution function Fy(x): normal,
logarithmically normal, Exponential, Pareto and
Weibull distribution. Preference was given to the
distribution law, when with the greatest confidence
level could be accepted the hypothesis H : F(t)z Fo(t)
by the Kolmogorov goodness-of-fit criterion.

So, the entire oil field life cycle can be divided into
four sequential stages: build-up, developing, decline
and maturity, which are reliably (80% at least),
described to be respective logarithmically normal,
exponential, Pareto and Weibull distributions.

The first period (build-up) — is the initial stage
of development with the unsteady regime and
the adaptive selection of production engineering
in accordance with the filtration properties of

Table 1
The calculation results of distribution functions and confidence probability
of fitting criterion for all four stages
e e . Probability belief of
Phases | Distribution law Distribution function fitting criterion
logarithmically _ o[ l8x+0.740 -
I normal Fy(x) CD( 0483 ) >0 P,=08
1—exp{—4.861(x —0.388);, x=>0.388
II exponential F, (x) = p{ ( )} P,=0.8
0 , x<0.388
1-(0.254/x)"™ >0.254
I Pareto F(x)= (0.254/x)"™, x20.25 P,=0.99
0 , x<0.254
1104
1-exp _ (x~0.003) , x>0.003
I\Y% Weibull Fy(x)= 0.011 P, =085
0 , x<0.003
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the reservoir. The second period (developing) is
associated with an increase of percent of oil recovery
from the reservoir and continues until the maximum
level of oil production and the possible stabilization
of this level as saturation level (the so-called
«plateau»). The third period (decline) exhibits a
sharp decline in oil production due to flooding and
formation contamination. Finally, the fourth period
(maturity) reflects the comprehensive application
of natural operation methods with a fluctuating
relative to some minimum level of oil production,
which requires additional (artificial) methods of
enhanced oil recovery.

1.2.2. Determination of adjacent stages’ limits

In accordance with boundary detection method
between adjacent stages, described in Appendix
A, we check the intersection possibility of graphs
fi(x) and fo(x), fo(x) and fs(x), fs(x) and fi(x), where
fi(x), fo(x), f3(x) and fi(x) — are the probability density
functions corresponding to stages I, II, III and IV

According to the above method of detection
of stages neighbouring boundaries we check the
possibility of fi(x) and f(x), f2(x) and f3(x), fs(x) and
fi(x) plots crossing.

We have A=0.027 and B=14 for the field M.
The analysis of current oil production frequency
curves showed that fi(x) disjoints f,(x) in the set

G,, =[0;00)N[0.388;0)N [4, B ]=i0.388;14);
f>(x) disjoints f;(x) in the set
G,, =[0388;00)N[0.254; 0) N [4,B]=[0.388; 14)
and finally f;(x) disjoints fy(x) in the set
G,, =[0.254;0)N[0.004; )[4, B]=[0.254; 14). Then by
formula (4) we obtain
xp2  =max{0; 0.388} = 0.388;
X =max{0.388; 0.254} = 0.388;
X =max{0.254; 0004} = 0254,

As T, =[0.544;0.648] T, =[1.062;1.131] and
T,, =[4.063; 4.477] by formula (3) we find

2 =0544, 12 =1.131, i} =4.063.

2. The determination of initial recoverable
reserves and peak level of current oil production

o(r)=>qt) -

1'<t
production at the moment f. As current oil
production is relatively stable at the closing stage,
there exists a finite limit Q, =limQ(r) equal to the
>

denote cumulative oil

initial recoverable reserves. Below we present the
procedures to determine the value @  and the peak
level gmax of current oil production.

For calculation of value g_ we propose to use the
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linear regression g=a,taix, where x=Q, and y=4/Q,
g and Q —is a current and cumulative oil production.
The coefficients g and Q are obtained by the least-
squares method (LSM) on the basis of {Q,,(¢/0),}
observations at the moments ¢; (i=1,..., n) onIV stage
of the life cycle of field development. According to
the LSM estimates we calculate ¢, and ¢,

0,=a,/a 4)

Detailed proof of formula (4) is given in Appendix B.

For estimation of the peak level of current oil
production q(t) we find a critical function point g (let
us denote it f,.. ), which is equivalent to finding the
flex point of autocatalytic curve Q(t), where — Q(¢) is
the cumulative oil production per year.

The computational procedure for assessing the
value f,..« and the calculated values f,..x and are
g(tpear) listed in Appendix B.

It should be noted that initial recoverable reserves
0, can be calculated only in the IV stage, whereas a
maximum level of current oil production g(tpe.) in
the II stage of lifetime of field development.

3. Predicted oil production

As shown above, the probabilities distribution
function of values x of the random value X=q(t) at
fourth stage of development (that is if 7 e T) is well
described by Weibull distribution

r- 1ol

where 6=0.003, p=1.104, 6=0.011
As we have the discrete x; values of the random
value X, then F(x) (X < x} ZP ,  where

il x;<x

D= P(x =q, = q(?l.))_ Then p;, =¢,/0, due to geometric

probability and, it follows that F(x|_ )= 0(F)/0,.
_Let 7, - be such a point from the interval
= [4.063; 14] that the interval [t 14] contains at least
n(n>50) measurements x(t)_q(z) Let formulate
function 37(?), obtained from «x(f) following
substitution ¥(7)=x(7 +1,)-6 (6=0.003 - is the
F4(x)function parameter), as a scaling relationship
F)=A/T", u>07Te[},5], 7=07=14-7. The
parameters A and u of this relation are defined

through regression Y =¢,+qa,X, where Y =/nX,
X=in I, ay=MA, a=-u We estimate
=-6.706, ¢, =-0.128 w1th the a1d of LSM, whence

we obtain assessed values A=e®, [=-4,.

After the above substitutions with regard to
scaling relationship the distribution function Fy(x)
of values x( ) q(z when 7 e[7,7,] is written as

F,(F)=1-exp{-b-7*}, b=00555, a=0.128. Then
1(;):[}(3 abf® =0.007/7%%*. The cumulative
normalized oil production Q, (f)=0(7)/Q, satisfies
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the equation

do,, (1 - - - e s
9.0)_(7)(1-0, (7). 7efid],
where A(7)=abi*" —is oil reserves production rate.
The equation (10) is used in (3) to describe
oil production dynamics and is the analogue of
Kolmogorov-Erofeyev equation for chain branch
chemical reactions. For cumulative oil production
0(7) from (5) we obtain the following equation

do(7)
dr
where w(7) - is admissible random disturbance
affecting the process state. If, moreover, the state
x(7)=0(7) is measured by the value

y(tN) = C(?)x(7)+ °O(t~),

where 7)(?) — is the measurement noise, then
equations (6) — (7) describe the linear dynamic
system in continuous time.

The key points of a suggested statistical simulation
method of oil field development lifetime are the
following:

a) Partition of lifetime into four consecutive
stages: build-up, developing, decline and maturity;

b) Identifying a probability distribution of a
current oil production value q(t) by virtue of standard
distributions: log-normal, exponential, Pareto and
Weibull distributions;

c) Alternation of probability distributions laws
of a value of quantity g(t) testifies transition to a
subsequent stage of development;

d) A determination method of boundary points of
adjacent stages has been suggested and this method

©)

=-A(1)0(71)+A(1)0, +w(i) ,  (6)

@)
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characterizes duration of a previous stage;

e) Calculating formulas have been given for a
maximum production level and initial recoverable
reserves by values gq(t) for II and IV stages
accordingly;

f) Forecast models have been developed for
cumulative oil production Q(t). These models enable
assessing a possible level of reaching designed
production economics in the near future and
correcting a strategy of further field development on
the basis of comparison of designed and predictable
recoverable reserves.

4. Application example

For illustration of a suggested statistical
simulation method of lifetime, we will consider an
analysis example of a development condition of one
specific horizon of Uzen field (Kazakhstan).

Let us consider the current oil production history
from the start of «Zhetybay» field production
(fig.4). (conventional production values have been
presented)

As is clear from figure 4 current oil production
history is visually divisible into two parts —
1965 - 1999 and since 1999 up to date. It is due to the
fact that up to 1999 a part of the field was on-stream,
whereas the remaining part of the field was drill out
after 1999.

Separation of development stage over a period
of 1965-1999

The calculation data of distribution function and
goodness-of-fit test probability belief [2] for all the
four stages are listed in the table 2.

Thus, the entire life cycle of the field is possible
to divide onto four consecutive steps: build-up,
developing, decline and maturity , which with plenty

Table 2
The calculation data of distribution function and goodness-of-fit test
probability belief for all the four stages
Stages Distribution law Distribution function Igé)(l)jdar?élsls?:)?-ﬁﬁi:tf
logarithmically _ [ lax—1.823
I normal £ (x) q;( 0.451 x>0 0.9
1-exp{-0.0102(x—146.09)}, x >146.09
I exponential Fy(x)= 0.9995
0 ,x<146.09
1-(44.765(x))""" , x> 44.765
0 Pareto By (x)={ T (#4T05) T x 0.8
0 ,x <44.765
~(x-44.76)""
1—exp i Gkt N (Y
v Weibull Fy(x)= 134.928 0.8
0 , x<44.76
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Fig.4. The current oil production history
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Fig.5. Separation of field development stages
over a period of 1965-1999

good enough accuracy are described by respectively
logarithmically normal, exponential, Pareto and
Weibull distributions: T,=[01.1965; 01.1972],
T,=[01.1972; 10.1975], Ts=[10.1975; 01.1995],
T,=[01.1995; 12.1999] (fig.5). Reference point =0
in figure 5 corresponds to commencement date of
development - 01.1965.

Evaluation of initial recoverable reserves

Distribution function for value X=g(t) (q(t) -
current oil production) on IV stage can be written
in the form:

ﬂ(x):l—exp{—w}, X235,

0

where 6=44.76, p=2.67, 6=134,925.

Subsequent to substitution )7(7): x(7+to)—5,
t=29 (which is equivalent of date 01.1995) let’s
represent function ¥(7) as a scaling relationship

X(t)=a/7".
Let’s construct a regressional relationship
Y=In%¥ from X=Ii(f=r-t) by points

1eT, =[01.1995;12.1999] t(which in order provisional
scale corresponds to interval [29, 34])

—

N

(=]
|

114.007
106.774

80

72.456

[on}
(=}
I

'S
(=}
I

—rated recoverable reserves
""" initial recoverable reserves during [1965-1999]
initial recoverable reserves during [2000-2011]

nN
(=}
I

Cumulative oil production, min t

0
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Years

Fig.6. Rated and forecast data of initial recoverable
reserves during [1965-1999] and [2000-2011]

Y=qa,+aX
LS method - estimate of parameters a,u «a;;
a,=4.02, @ =0.05

Whereof we obtain estimate of parameters A and y;

A=e" =55496, it=—a, =-0.05

Subsequent to above substitutions, with regard to
scaling relationship, we obtain

F,()=1-exp{-b7"}, b=48.122 a=0.036.
Then
F}(7)=abi*" exp{-bi*} =1.7547""" exp{-48.1227""}
Cumulative  standard  oil = production
0,,({) 0O()/Q, meets the difference equation

Cn® _)6y0-0,,0), 7<li7)

where A(7)=abi“" - is oil reserves production rate:
=0, 7, =34-29=5.

Going to discrete values (in increments of
discreteness t) x=Q(kt), Aw=A(kT), Ax=(1-TAx),
UK=tAxQ. from differential equation we obtain
difference equation system:

{xk_, =Ax, +Ug +7w,
Ve =Cyx, +v,

where w; and v, — are noise process status and
experimental observation troubles respectively.

The first of the simultaneous equations is an
equation of state, the second one is an experimental
observation equation (in the calculations has been
accepted Cx=1)

Using the Kalman algorithm of optimal linear filtering
with discrete time periods we obtain the forecasts Q(t)
in the period [1965-1999] and [2000-2011].

As is clear from figure 6 when forecast in the
period [1965-1999] the initial reserves composed 72.5
mln tones, i.e. total 63% of rated initial recoverable
reserves (3D geological field model based estimated
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original oil in place), whereas subsequent to drilling- and cumulative gain in recoverable reserves in the
out operation of the deposit since 2000 the initial field require application of state-of-the-art bottom-
recoverable reserves under the forecast in the period hole zone stimulation methods. Hence, the proposed
[2000-2011] composed 106.8 mIn tones, which makes approach enables to evaluate the efficiency of the
94% of rated initial recoverable reserves. strategy used to plan and develop activities on
Further stabilization, oil production enhancement enhancement the level of efficiency achieved.

Conclusions

* Based on the identification of current oil production values distribution at the separate
stages we propose the statistic method to detect boundary points of the neighbouring
stages and determine the durability of each stage of the oil field development. With
that we show that the distribution of current oil production values at the consecutive
stages I-IV with the sufficiently high confidence is approximated according to
lognormal, exponential, Pareto and Weibull distributions.

¢ Availability of every consecutive stage duration enables defining a maximum level
of current oil production in the II stage and calculating initial recoverable oil reserves
in the IV stage under a current field development strategy.

* We have shown that Weibull distribution function of current oil production values at
the fourth stage of the life cycle development, relying on the g-f scaling dependence,
aligns with the linear differential equation solution relatively to the normalized
cumulative oil production that is the analogue of Kolmogorov-Erofeyev kinetic
equation.

¢ With the help of Kalman adaptive filter we have obtained the calculation formulas
for the one-step and multistep oil production prediction at the closing stage of
development with the estimation of the prediction error and its variance.
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Cratuctudeckoe MOJdeapOBaHNMe XXMU3HEeHHOTO IIMNKaa
pa3pabOTKy HePTIHOTO MeCTOPOXKAEHMSI

b. A. Cyaeiimanos’, @.C. Ucmaurog', O.A. Avrmun?, C.C. Kerdubaesa’
'HUTIN «Hedreras», SOCAR, baky, Asepbaitaxas;
*Asep0baiiA>KaHCKUI TOCyAapCTBeHHBIN yHUBepcUTeT HepTU U
npoMsliniaeHHocTH, baky, AsepbaiigxaH;
’KasMymnaiil'as, Akray, Kazaxcran

Pedepar

Ha ocHoBe cTaTmcTM4ecKOro aHaaAmsa Ipeja0’KeHa MeTOAMKa IOCTaAUIHONM CTPYKTypu3a-
LM U BEIAeAEeHNs TPaHNII CTaAui pa3paObOTKM HePTAHOTO MecTopoXXdeHns. [Ipusesens npo-
IleAypbl pacdeTa OCTaTOYHBIX M3B/AeKaeMEIX 3aIllacOB M BpeMeHM AOCTVKeHUs MaKCHMaAbHOTO
ypOBHA TeKyIneil 400brau HepTu. 110 3HaUeHMAM HaKOILAeHHON 400p19M He(PTU Ha 3aBepIIaio-
el cTaaguy pa3pabOTKM € IOMOIIBIO aanTUBHOTO PpuabTpa KaamaHa B 41ICKpeTHOM BpeMeHNU
IIOCTPOEHHI IIPOTHO3BI A00bIYM HePTU U AaHBI OLI€HKM BO3MOXKHOCTY AOCTVI’KEHM S IIPOEKTHBIX
IOKa3aTeAell IIpY CYLIeCTBYIOIIel cucTeMe pa3padOTKI.

Katoueevte caoea: moctaguitHast CTpyKTypuU3anusl; BljeAeHNe TpaHuL CTaAun pa3padoTKy;
OIleHKa M3B/AeKaeMBIX 3aI1acoB; IpOrHo3 400sr9n; ¢puasTp Kaamana.

Neft yataqlarinin islanmasinin hayat tsiklinin statistik modellasdirilmasi

B.O. Siileymanov', F.S. Ismayilov', O.A. Disin? S.S. Keldibayeva’
'«Neftqazelmitadqiqatlayihe» Institutu, SOCAR, Baki, Azarbaycan;
*Azarbaycan Dovlst Neft vo Senaye Universiteti, Baki, Azarbaycan;

’KazMunayQaz, Aktau, Qazaxstan

Xiilaso

Statistik tohlil asasinda neft yataginin morhoelsler iizre strukturlasdirilmasi ve islonma
moarhslalarinin ssrhadlsrinin miisyyanlagdirilmasi metodikas: teklif olunmusdur. Cari neft
hasilatinin maksimal seviyyesine nail olunmasi vaxtinin ve ¢ixarilabilon qaliq ehtiyatlarin
hesablanmasi prosedurlari toqdim olunmusdur. Islonmanin son marhalesinde toplam neft
hasilat1 gostericilarina asasen adaptiv Kalman siizgacinin komayi ile diskret vaxtda neft
hasilatinin proqnozlar1 qurulmus ve movcud islonmoe sisteminde layihe gostericilorine nail
olmanin miimkiinliyiiniin giymatlori verilmisdir.

Agar sozlar: marhalslor tizra strukturlasdirma; islonme moarhslasinin serhadlerinin ayrilmasi;
¢ixarilabilon ehtiyatlarin giymatlondirilmasi; hasilat proqnozu; Kalman siizgaci.
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