Perm Journal of Petroleum and Mining Engineering. 2021. Vol.21, no.3. P.102-108. DOI: 10.15593/2712-8008/2021.3.1

——

ISSN 271 2°8g08 Perm Journal of Petroleum
Volume / Tom 21 Ne3 2021

Journal Homepage: http://vestnik.pstu.ru/geo/ -— and Miniﬁg En‘gineer‘ti[’\g

UDC 622.553
Article / Cratps
© PNRPU / I[THHUITY, 2021

Development of Statistical Models for Predicting Circulation Losses
Based on Characteristics of Faults

Vladislav I. Galkin!, Daria V. Rezvukhina?®

'Perm National Research Polytechnic University (29 Komsomolsky prospekt, Perm, 614990, Russian Federation)
2 PermNIPIneft branch of LUKOIL-Engineering LLC in Perm (3a Permskaya st., Perm, 614015, Russian Federation

PaspaboTka cTaTuCTM4YECKUX MoAenen AnA NPOrHo3a nornoLeHun
No XapakKTepucTtukam pa3pbIiBHbIX Hapyl.ueHmﬁ

B.M. T'ankuu’, J1.B. Pespyxuna®

'Tepmeckuit HaHHOHaﬂbI;IbIﬁ HccleJoBaTesIbCKUH MosMTeXHNYeckuil yHuBepeureT (Poccus, 614990, r. [Tepmb, KOMCOMOJIBCKUI ITPOCHEKT, 29)
2 dunman 000 «JIYKOWJI-UnxuHupuHr» «I[lepMHUTTAHETH» B T. [Tlepmu (Poccws, 614015, r. Ilepms, yi1. [Tepmckas, 3a)

Received / MonyyeHa: 30.01.2021. Accepted / MpuHaTta: 30.04.2021. Published / Ony6nukosaHa: 01.07.2021

Keywords: A method for predicting losses over the area of the deposit to minimize the risks of accidents, gas, oil and water showings for the
faults, losses, drilling operations, oil Permian-Carboniferous reservoir of the Usinskoye field was developed. In addition, the analysis of the influence of faults on the
and gas reservoirs, distance to the number of losses in wells during drilling was carried out.

fault, seismic exploration, tectonic By analyzing results of drilling more than 250 wells, it was revealed that the circulation loss is a major problem during drilling.
structure, statistical analysis, loss This problem was found in 46 % of the drilled wells. The intensity of the studied losses was in a wide range: from insignificant
probability, statistical criteria, losses to strong ones, with a complete loss of mud circulation. The faults identified both from well drilling data and from seismic
Student's t-test, probabilistic- data were characterized by a various number of wells with and without losses.

statistical model, loss forecast, By using a combination of various statistical methods, individual and complex models for predicting losses in wells depending on
Usinskoye field, Timan-Pechora oil the distance from the fault were obtained.

and gas province. The multilevel probabilistic-statistical modeling made it possible to study the influence of faults on losses: initially, based on the

data of all the wells, regardless of the methods for identifying faults - the first-level model; by the method of identifying faults
(drilling/seismic exploration) - the second-level models; according to the data of individual faults - the models of the third level.
At the fourth level, a complex model was built, which takes into account the calculation results obtained at the previous levels of
statistical modeling.

The presence of direct and inverse dependences of the absorption probability from the shortest distance to the fault was found.
We used the linear discriminant analysis to verify the results of predicting the probability of absorptions.

Kmoueavle croga: Paspa6GoTaH cnoco0® MNPOTHO3MPOBAHUA MOIJIONIEHUH MO IUIOMAAM 3aJieXd JIA MUHMMHU3ALUKU PHCKOB aBapuil u
PpaspbIBHbIE HApyIIEHNA, ra3oHe(TEeBOJONPOABIIEHUI [JIA NepMOKAapOOHOBOH 3ajieXyu YCHHCKOTO MecTOpoxzaeHusa. Kpome Toro, ocyulecTBiIeH
norsiouexye, Gyposbie paGoTsl, aHaJIN3 BJIUSHUA Pa3pBIBHBIX HAPYIIEHUI HAa KOJINYECTBO MOTJIOMIEHHUI B CKBaXXMHAX BO BpeMs OypeHU.

KOJIIEKTOPBI HepTH ¥ rasa, Ilo pesyyibTaTaM HpPOBEJEHHOTO aHaJM3a pe3yJbTaTOB OGypeHus Gosiee 250 CKBaXWH BBIABJIEHO, YTO 3HAYMTEJIbHOM
paccrosHue N0 pasjioma, npobJyieMoll npu GypeHHH fABHJIOCH HOTJIOI[eHHe OypoBOro pacrBopa. JlaHHOe OCJIOXHeHHe oOHapyxuBaeTrcsi B 46 %
CEHMCMOPA3BE/KaA, TEKTOHMIECKOE NpOOYpPEHHBIX CKBaXHHAX. HTEHCUBHOCTh M3ydYaeMbIX MOTJIOLUIEHUN HAXOAUTCA B LIMPOKOM JUana3oHe: OT He3HAYUTeJIbHBIX
CTpO€HHE, CTATUCTUYCCKUN aHAJIN3, MOTJIONIEHU! [0 CHJIBHBIX, C IIOJIHOM IOTepell IUPKyIAnuy 6ypoBOro pacrBopa. Pa3yioMsl, BeJjeJIEHHbIE KAaK IO JaHHBIM

BEPOATHOCTD NOTJIOMEHNU,
CTaTUCTUYECKUE KPUTEPUH,
t-xpurepuil CTbIOJIeHTa,
BEPOATHOCTHO-CTaTUCTHYECKAs
MoJieJ1b, TPOrHO3 MOTJIOeHUH,
VcuHCKOe MecTopoXeHue,
Tumano-Ilevyopckas
HedTerasoHOCHas MPOBUHIUA.

GypeHus CKBaXUH, TaK U MO JAHHBIM CeliCMOpa3Be[KH, XapaKTepPU3yI0TCA PAa3JIMYHBIM KOJIMYECTBOM CKBAXHH C IHOTJIOMEHUAMU
1 6e3 TaKOBBIX.

TIpy HOMOIIM COBMECTHOTO HCIIOJIb30BAHUA PA3JIMYHBIX CTATHCTUYECKHX METOOB MOJIy4YeHbl MHAUBUAYasIbHble i KOMILIEKCHBIE
MOZIeJ/IM IPOTHO3a MOTJIOMEH I B CKBaXXUHAX B 3aBUCHMOCTH OT PACCTOSIHUA OT pas3jioMa.

C OMOII[BI0 MHOTOYPOBHEBOTO BEPOATHOCTHO-CTATUCTUYECKOTO MOJIEJIPOBAHMSA BBIIIOJIHEHO HCCIeNOBaHNe BJIMAHHA Pa3IOMOB
Ha TIOTJIONIeHHA: ePBOHAYaIBbHO MO JAHHBIM BCeX CKBAXXMH, HE3aBHCHMO OT METOJOB BBIIeJIEHUA Pa3JIOMOB, — MOJEJIH epBOro
YPOBH#A; IO crocoGy BblesieHHA pasjioMoB (GypeHue/ceficMopasBeika) — MOJEJIH BTOPOTO YPOBHsA; MO JAHHBIM OTZEJIbHBIX
PasJIOMOB — MOZIeJIU TPEeThero ypoBHsA. Ha 4eTBepTOM ypOBHE CTPOUTCA KOMIUIEKCHAA MOAEJb, KOTOPas YYUTHIBAET Pe3ysIbTaThl
pacyeToB, MOTy4YeHHbIe HA MPeJbIAYIIX YPOBHAX CTATHCTUYECKOrO MOAEINPOBaHHUA.

VcraHoBsIeHO HaJIMyMe NPSAMbIX 1 0GPaTHBIX 3aBUCHMOCTEl BEPOATHOCTHU MOTJIONMIEHHI OT KpaTyaiilllero paccTOsAHKsA [0 pas3JjioMa.

C ncnoJib30BaHNEM JIMHEHHOro JUCKPMMHHAHTHOIO aHaju3a NpoBeJieHa NMpoBepKa pe3yJibTaTOB IPOrH03a BEPOSATHOCTU
MOTJIOLIEHUH.
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Introduction

Faults (fractures) are typical for major deposits of the
Timan-Pechora oil and gas province, which significantly
complicates their geological structure. Inhomogeneities of
the geological structure and intensive fault tectonics cause
a number of challenges during the search, exploration and
development of oil and gas deposits. A loss of drilling fluid
is one of such challenges, which makes well constructions
longer and, in worse cases, it can cause oil, gas and water
shows (OGWS).

Thus, to minimize emergency risks and OGWS, it is
important to develop a method for predicting such
phenomena over the area of deposits.

As a rule, regions with massive faults are characterized
by a specific rock jointing [1-5], a complex stress-strain
state of the rocks, various catagenetic transformations of
the rock oil and gas reservoirs. These can largely
complicate drilling operations [6-8]. Such processes cover
not only the area of the fault plane itself, but also a large
area around it. So, the analysis of losses and tectonic
structure of deposits is an issue of major concern.

Despite the fact that the losses can be associated with
technological parameters of drilling (disturbances of
drilling modes, density and rheological properties of a
drill mud, etc.), geological reasons (a very high level of
cavernosity, rock jointing, extremely low rock pressures,
sharp changes of reservoir porosity and permeability
(RPP) etc.) lie in a physical reason initiating the loss
processes themselves.

To avoid losses it is customary to regulate density and
rheological properties of a drill mud, cleanout rate and
pressure, adding special fillers (solid particles of different
shapes and sizes) etc [9-12]. These methods complicate
drilling operations [13], increase drilling costs and extend
drilling time of wells. If a drilling project does not include
these risks, it leads to severe accidents and sometimes to
OGWS.

Generalizations and studies of losses during drilling are
found in [14-22], which are oriented on data of Timan-
Pechora oil and gas province [23, 24]. To predict them, one
uses the geological structure analysis methods using the 3D
geological model [25], analysis and use of data from the
Geological and Mining Information System (GMIS) (also during
drilling) [26], using the 3D data of the seismic exploration [27]
or various methods of predicting losses based on neural
networks and decision-trees [28, 29]. Also there are papers
based on rock mechanics, numerical modeling and processes of
losses and fracture performance [30-34].

Sediments of Timan-Pechora oil and gas province are
characterized by massive tectonic disturbances.

A great amount of data has recently been collected
about occurrence of faults and losses within the deposit.
This research uses the data about configurations of faults
to evaluate how they influence losses in wells of Usinskoe
Deposit to determine an interval (a deposit) of Lower
Permian-Carboniferous carbonate deposits.

During the Carboniferous-Lower Permian time,
sedimentation within the region took place in the shallow
marine shelf conditions with a dominating carbonate, less
often clay-carbonate and sulfate-carbonate (for the
Serpukhovian time) sedimentations.

The sediments are characterized by extremely unstable
reservoir porosity and permeability properties, which is
caused both by the facies variation and a great influence of
secondary transformations. In addition, it is greatly
influenced by the tectonics of the region, which stimulates
karstification processes in carbonate sediments of the
Permian-Carboniferous reservoir.

We studied well drilling results in the period between
2016 and 2020 (254 wells) of the Permian-Carboniferous
reservoir. The well drilling was mostly in the central and
northwestern part of the reservoir.
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Fig. 1. The drilling pattern

Fig. 1. shows the location and number of losses during
drilling.

At that period of time the loss of drilling mud was a
great problem. It is found that 46 % of the drilled wells
suffer from it. The intensity of losses varies in wide ranges,
starting from several cubic meters per hour to disastrous
losses with a complete loss of circulation. Meanwhile the
disastrous losses were found in more than half of the cases.

If we speak about the stratigraphic confinement of the
losses, then 50 % of them are related to the Middle
Carboniferous sediments C, (55 % of them are disastrous
losses), 23 % of them are related to the Upper Carboniferous
deposits C; (62 % of them are disastrous losses), and 27 %
are related to Lower Permian sediments P; (49 % of which
are disastrous losses).

The faults can be confirmed based on well drilling data
when a well passes the fault plane, based on stratigraphic
studies in wells (by a sharp difference in absolute marks in
the correlation of well sections), according to seismic data
(identification of areas of faults based on attributive
seismic data).

It is worth noting that faults identified both from well
drilling data and from seismic data are characterized by
various numbers of wells with and without losses, which is
well illustrated by the information given in Table 1.

Here we can see that the number of wells with losses
and without them for different faults varies much. As none
of the well types dominates (with or without losses), then
it is necessary to use multilevel models to describe and
predict such phenomena.

The reason for this is that the multilevel probabilistic-
statistical modeling enables a differentiated study of the
process of influence of faults on losses: initially according
to data from all wells, regardless of methods of finding
losses - 1st level; according to data of methods of finding
faults - 2nd level; according to data of individual faults -
3rd level. At the 4th level a model is built, which considers
computation results obtained from previous levels of
statistical modeling.

Thus, the multilevel 3D probabilistic-statistical
modeling makes it possible to have a complex evaluation
of phenomena and processes taking place during loss
formations depending on faults.
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Table 1

Data about faults (nearby wells)

Fault No. No. of wells with losses  No. of wells without losses Fault No. No. of wells with losses  No. of wells without losses
Faults from drilling data
1 1 1 12 26 9
2 12 27 13 1 0
3 40 8 14 0 3
4 0 1 15 0 0
5 13 10 16 0 11
6 7 3 17 0 0
7 3 3 18 0 0
8 12 0 19 0 0
9 19 2 20 0 0
10 2 13 21 1 0
11 7 11 22 0 1
Faults from seismic data
68S 0 8 16 S 4 2
88S 0 3 19 S 0 2
10 S 3 0 20 S 9 16
14 S 0 1 318 0 1
15S 6 1 — — —
Table 2
Characteristics of models, P (Lp) dependence on Lp
Criteria Criteria
Indicator Losses were found, Losses were not found,  Regression equation - upper line, model t x>
arithmetic mean = o arithmetic mean = o application - lower line pi ;
Ip. m 263.4 + 202.1 484.7 + 365.8 P (Lp )=0,601-0,000271 Lp -6.66845 45.46375
D> 0.529 * 0.054 0.484 + 0.099 0-1600 m <10° <10°
Table 3
Distribution of values of indicators in wells
Obiect class Variability intervals - Lp, m
) 0-200 200-400 400-600 600-800 800-1000 1000-1200 1200-1400 1400-1600
Frequency of occurrence for wells
with losses, fr.unit (n = 167) 0.463 0.288 0.197 0.047 0.005
Frequency of occurrence for wells 5 559 0.229 0.205 0.117 0.088 0.051 0.036 0.015
without losses, fr.unit (n = 136)
Table 4
Characteristics of models of P (Lp) dependence on Lp, according to loss identification method
Method Mean value of indicators: upper line- mean values of . K . Criteria
Indicator of finding Lp-indicators, lower line-the probability of occurring losses P (Lp) Regression equation - upper line, t
model application - lower line -
losses of losses found of losses not found p
Drillin 271.4 = 211.3 485.6 + 389.1 P,(Lp) = 0,638-0,000312 Lp -5.49512
Ip. m 8 0.533 * 0.066 0.488 + 0.121 0-1600 m <10°
P> Seismic 213.5 + 122.1 481.9 + 285.9 P(Lp) = 0,707-0,000597 Lp -4.23175
exploration 0.533 + 0.066 0.488 + 0.121 0-1190 m <10°

Developing Models for Faults According
to Their Characteristics

At the first level, in order to assess the possibility of
forming the probability of losses P(Lp), fr.units, from the
values of the shortest distance from the fault to the studied
well, Lp, m, a predicting model was built using all
available data about the studied deposit. This model makes
it possible to evaluate the influence of Lp values on loss
formations. The method of building such probabilistic
models is described in [36, 37].

Let us consider a method of building individual
probabilistic models by using Lp indicator as an example.
To do this, we used Lp values of 303 cases, where 167 of
them had losses and 136 had no losses. Mean values of Lp
for wells with observed losses, and for wells where losses
were not observed are given in Table 2.

Here you can see that the mean value of Lp belonging to
the class of wells where losses are observed is significantly
lower than for those where no losses are found. The
quantitative comparison of mean values is made using
Student's t-test [38-43] and the significance level (o = 0.05).

The value of criterion ¢, of Lp value is given in Table 2.
It was revealed that the mean values are statistically
different. Then based on Lp values we studied densities of
distributions for the two researched classes. In the first
case we study data from Lp values about the wells with
losses, i.e. class 1 (n;,=167), in the second case we study
data for wells without losses, i.e. class 2 (n,=136).

According to the applied method we build block diagrams
at the first stage of building the probabilistic model based
on Lp data for class 1 and 2. The optimal values of the
intervals for grouping Lp values are calculated using the
Sturges formula. To study the ratios of the proportion of
objects that fell into different intervals of variation of Lp,
the interval analysis was performed [36].

It is necessary to build a model based on the totality of
coverage of Lp values, which will be used to evaluate the
presence of losses in wells. Frequency of occurrence of wells for
the studied classes based on Lp indicator are given in Table 3.

According to the analysis of results given in Table 3, it
is found that there is an increase of occurrence of wells
with losses in the range 0-200 m. For wells without losses
in the range of 400-600 m, the values of frequency of
occurrence are quite close. The maximum number of wells
both with and without losses is found to be in the range O-
800 m. It all provides evidence of an opportunity to
predict the occurrence of losses depending on Lp.

For a more complete statistical analysis, a comparison was
made of the distribution density of the values of the indicators
determined by the types of the studied wells, using Pearson
statistics (?). The values of criterion y? according to Lp
indicator are also given in Table 2, which shows that a
statistical difference between the classes is found.

Then in each interval, probabilities of belonging to the
class of wells with losses P (Lp) are computed. After that
interval probabilities of belonging to this class are compared
with mean interval values of Lp. By using values of P (Lp)

HEAPOMOJIb3OBAHUE



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

and Lp we calculate the matching coefficient of correlation r
and build the regression equation. The further correction of
the built models is performed on condition that the mean
value of probabilities for the 1st class should be more than
0.5, and for the 2nd class it should be less than 0.5.

The probabilistic model of predicting using Lp from both
drilling and seismic data, along with areas of use are given
in Table 2. The dependences between P (Lp) and Lp for the
first level of statistical modeling are illustrated in Fig. 2.

Here it can be seen that with an increase in Lp values, the
individual probability of the presence of losses in wells,
regardless of what data are used to identify faults, naturally
decreases from 0.601 to 0.167 according to the relation given
in Table. 2. The mean value of P (Lp) for wells with losses is
0.529 + 0.054, for the wells without losses it is 0.484 + 0.099
(Table 2). Mean values and probability density of values P (Lp)
depending on well types have statistical differences.

Thus, the statistical analysis performed at the first level
of statistical modeling proved that Lp values influence the
presence of losses in wells.

At the second level of statistical modeling we built
dependences of P (Ip) on Lp in a differentiated way based on
faults data obtained according to drilling data (Pdr (Lp)) and
seismic exploration (Ps (Lp)). The number of wells used to
analyze the drilling data was 247, 144 of which were found to
have losses, and 103 wells had no losses. The number of wells
used to analyze faults obtained after the seismic exploration
was 56, while 23 of them had losses and 33 had no losses. The
models built according to these data are given in Table 4.

The illustration of dependences between P (Lp) and Lp
with the orientation on the method of finding faults is
given in Fig. 3.

Here it can be seen that with an increase in Lp values,
the probability of the presence of losses in wells, taking
into account the method of identifying faults, decreases
according to the relations given in Table. 4. It is notable
that the rates of decreasing the absorption probability
differ depending on methods of finding faults.

Thus, at the second level of the statistical modeling it is
fixed that regardless of the methods for identifying faults,
there is a decrease of P (Lp) values.

At the third level of the statistical modeling we build
models individually for certain faults. The number of wells
with losses and without them from drilling data and seismic
data are given in Table 1 and show that their number for
various faults differs much. It indicates that not for all faults
it is possible to build individual models. Such models for
certain faults for computations of the loss probability based
on Lp values are possible to be built only for those models
that have data about wells in both groups. To use all the
available information on those faults, in which there is data
for only one of the studied classes, group models were built.
Regression equations describing the influence of Lp value on
the loss probability presence are given in Table 5.

This indicates that for faults confirmed with the results of
drilling, nine models are built, while there are only three models
built from seismic data. The illustrations of the models built at
the third level of the statistical modeling are given in Fig. 3.

The resulted models built from the well drilling data
are characterized by two types (Fig. 3.). The first type of
models is characterized by a decrease of dependence of
P (Lp) on Lp, and it complies with the models built at the
first and second levels of statistical modeling. The second
type of models (marked with a red ellipse in Fig. 4) is
characterized by an increase of values in dependences of
P (Lp) on Lp, and it does not agree with the models built
at the first and second levels of the statistical modeling.

Hence, the influence of Lp on the loss probability is
different, which should be taken in account when predicting
losses in certain wells. As an example let us give the patterns
of changing values of P (Lp) for faults No. 2 and 3 (Fig. 5).

Fig. 5 shows that for fault No.2 at a distance from faults,
P (Lp) increases from 0.4 to 0.65. This model gives better
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results in the southern part rather than in the northern one. For
fault No.3 there is a tendency to decreasing P (Lp) values at
a distance from the fault. It all confirms the differentiated
role of faults in occurrence of losses.

In order to justify operability of the developed models
built at different levels, let us find block diagrams used to
determine occurrences of wells for the studied classes
according to P (Lp) indicator (Table 6).
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Table 5
Characteristics of built models
Mean values of indicators: the upper line shows mean values of Lp values, The regression equation - the upper line, Criteria
Fault the lower line shows the probability of being related to losses P (Lp) the model application area - the middle line, t
number are .
losses were found Losses were not found the range of probabilities - the lower line P
Models built for several faults and individual faults
) 551.5 + 339.7 4285 + 340.6 Pallp) = 0,321 4 0,000375 Lp 1.04284
0.527 * 0.127 0.481 = 0.128 0.521-0.921 0.304
5 184.2 + 128.9 367.7 + 280.6 Pullp) = 0,695-0,00041 Lp -2.95009
0.549 = 0.070 0.449 = 0.152 0.193.0.646 0.005
5 262.3 + 257.4 367.7 + 280.6 Pullp) = 0,726 0,000561 Ip -2.93545
0.578 = 0.144 0.419 = 0.116 02710714 0.008
s 188.6 + 82.7 73.3 + 635 Pallp) = 0,38€ +0,000870 Lp 2.13048
0.550 * 0.071 0.449 = 0.055 0.386.0.673 0.066
; 66.7 + 73.4 1390.0 + 101.5 Pullp) = 0831-0,000454 Ip -18.0455
0.800 = 0.034 0.200 = 0.044 0.150.0.831 0.00005
0 187.3 + 1311 3400 + 2828 Fallp) = 08120001307 Ip -1.433876
0.599 = 0.141 0.399 * 0.369 0158.0.817 0.168
1 215.0 + 355 3400 + 207.4 Pollp) = 0-721-0.0008 Lp -0.824876
0.546 * 0.028 0.445 * 0.168 0.226-0.721 0.424
n 444.2 + 30.1 604.1 + 397.8 Pullp) = 0.782-0.000538 Ip -1.047985
0.543 = 0.021 0.457 = 0.210 0.028.0.707 0.310
19 4415 + 128.9 2137 + 280.6 Fallp) = 0356 +0,000439 Ip 3.79703
0.549 = 0.067 0.449 = 0.071 0.350-0.628 0.0006
Models built from seismic data
15 140.0 + 68.1 310.0 + 0.00 bs(lp) = 0897 0.001765 Lp -2.310556
0.649 = 0.120 0.349 = 0.000 0.349.0.808 0.069
165 195.0 + 310.1 4400 + 2828 Filp) = Q784 5,000895 Lp -1.99668
0.608 = 0.008 0.388 = 0.256 0.209-0.613 0.117
905 2067 + 142.1 4800 + 371.5 Pp) = 0,632 1,00034 Lp -2.95009
0.531 * 0.048 0.468 * 0.126 0.227-0.612 0.005
Table 6
Distribution of P (Lp) values to statistical levels (frequency)
. Variability interval of P (Lp)
Class of objects 001 0102 0203 0304 0405 0506 0607 0708 0809 0910
First level
For wells with losses, n = 167 0.006 0.006 0.264 0.706 0.018
For wells without losses, n = 136 0.014 0.058 0.148 0.309 0.413 0.058
Second level
For wells with losses, n = 167 0.005 0.005 0.191 0.487 0.307 0.005
For wells without losses, n = 136 0.014 0.022 0.08 0.169 0.207 0.347 0.161
Third level
For wells with losses, n = 167 0.005 0.047 0.138 0.427 0.294 0.054 0.035
For wells without losses, n = 136 0.022 0.051 0.147 0.192 0.236 0.236 0.08 0.029 0.007
Table 7
Characteristics of statistical models
Loss Criteria Criteria
Indicator t ©
Found Not found p p
First level
) 6.66845 45.46375
P (Lp) - first level 0.529 * 0.054 0.484 + 0.099 210% =10
Second level
7.17418 47.77024
P (Lp) - second level 0.556 + 0.067 0.472 + 0.137 <10 =106
Third level
. 9.495545 79.36611
P (Lp) — third level 0.571 + 0.099 0.428 + 0.158 <10 <10°
Table 8
Characteristics of statistical model P,
Loss Criteria Critsria
Probability t X
found not found p p
10.49714 89.39351
Py 0.639 = 0.154 0.417 = 0.249 0.000000 0000000

The Table data indicate that for wells with losses
there is an increase of presence of losses during an
increase of P (Lp) for all three levels within the range
0.5-0.7. In the range of P (Lp) less than 0.2 for all the
model variants, no wells with losses are available. Let us

consider the quantitative difference in mean values and
distribution densities of P (Lp) based on criteria t and >,
which are given in Table 7.

Here it can be seen that the mean values of P (Lp) for
wells with losses increase from the first to the third levels
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from 0.529 to 0.571, for the wells with no losses, the mean
values decrease from 0.484 to 0.428. Distribution densities
differ most strongly when using models built on the 3rd
level of the statistical modeling.

At the 4th level of statistical modeling, a complex
criterion was calculated taking into account the built
models at three levels, according to the following formula:

P = HRSV
“" TR, +I(1-A,)

where P,,, are probabilities obtained by the models of the
first, second and third levels, and IT is their multiplication.
We will quantitatively estimate the difference in the mean
values and distribution densities of P, values according
to the criteria t and % which are given in Table. 8. The
dependence of P, on Lp is given in Fig. 6.

The data of Fig. 6 demonstrate that within the correlation
field there are two subfields where the correlations between
P, and Lp are characterized by various relations by type. The
boundary can be conventionally drawn by value of P, = 0.5.

The contribution of models of each level for predicting
losses can be carried out using the stepwise linear
discriminant analysis (SLDA) [43], using the classification for
group 1 when P,,,,, > 0.5 and for group 2 when P,,,,, < 0.5.

As a result of implementation of SLDA, we obtained the
following linear discriminant function:

Z =-1,06764P (Lp)—levell —
- 2,27160P (Lp) —level2 -
—6,17077P (Lp)—level3+4.844

where R = 0,494, x> = 84,057, p <107,

Values x> and p show that the resulted linear
discriminant function is statistically valuable.

This formula was used to calculate values of Z and find
probability data in relation to values of P, > 0,5-P (2).
The dependence of P (Z) on Z is given in Fig. 7.

One can follow that during changes of Z from negative
to positive values, the probability of P (Z) decreases with
regularity. The mean value of Z when P, > 0.5 equals
to 0.511, the mean value when P, < 0.5 is +0.628. The
proportion of correctly classified cases was 76.23 %.

Conclusions

It has been shown that these criteria work well also for
probabilities obtained according to different levels of
statistical modeling. Consequently, if one develops models
to predict losses, dividing data with regard to values
of P, can have a positive effect during predictions. To

comp
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Here you can see that there are cases when dependences
between P (Z) and P, are inversely proportional (red
ellipses in Fig. 8). It is possible that the formation of losses
due to faults can be regularly predicted using the developed
probabilistic-statistical models only in case of direct

correlations between P (Z) and P,
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