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Summary. Long-term operation of the gas pipelines causes the metal aging because of the corrosion
processes and accidents, which results in gas leak of pipelines. It is improvident from both economic and
ecological points of view, as the gas leak can cause the gas hazard of great territory and in some cases formation
of the gas-air mixture and exposure, as the result of which there happen to be sufficient economic losses and
danger for human lives. In the paper statistic analysis of accidents at the pipelines has been carried out, which
will make possible to estimate the level of influence of different factors on the probability of arising the leaks and
their sizes. It was revealed, that under the pipelines corrosion damage the insufficient leaks are the most possible,
and in accidents caused by the influence of the external forces sufficient leaks are the most probable. The
appearance of the gas leak from the gas-pipe is generally known to be caused by the non-stationary process
according to the nature of which the leak amount can be estimated. If the gas-pipe before the appearance of leak
has been operating in the non-stationary regime, the appearance of leak will result in disturbing in the non-
stationary process. To reveal the leak the pumping over flow is modeled in the place of leak basing on the
determination approach as well as its duration relatively the sizes of the leak. The available determination
mathematic models for revealing the leaks need information on the amount of losses of the leak and geometric
sizes of the accident hole, which is not available in the moment of accident. That is why the model, which makes
possible to predict the amount of leak in whole in all types of failures and some reasons of failures basing on the
statistic data have been developed in the paper. It makes possible to choose the most efficient solutions for the
diagnostics and preventing the leaks in the main pipelines.
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Statement of the problem. Recently the problem of gas leakage diagnostics has
become pressing. On the one hand it is caused by the gas transportation pipelines aging and as
a result great probability of flows initiation, caused by the corrosion processes, on the other, it
is the result of non-approvable gas picking out.

Analysis of the results of investigation. Many papers are devoted to the investigations
of the non-stationary processes and propose mathematic models of non-stationary regimes,
methods of their realization, analysis of technological restrictions [1-8]. The idea of the leaks
diagnostics of the gas and oil pipelines is based on the investigation of changes in the amplitude
frequency characteristics during picking out from the pipeline.

The diagnostics model of the gas transportation system must connect the main
parameters of gas pumping with the diagnostics characteristics. As to the branching gas system
this model must include the information on the characteristics and operation regimes of the gas
picking out.

The main requirements to the diagnostics models are those their quick-acting and
adequacy. The first is that of the model realization being rather short in order to make decision
very quickly according to the results of diagnostics. The second must guarantee the reliability
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of the obtained results. To meet the requirements totally it is impossible, as they are
contradicting each other.

The Objective. The leak diagnostics, basing on the determination mathematic models,
needs information on the leak losses amount and the sizes of the accident hole, which is not
available at the moment of the leak initiation. That is why it is necessary to develop the model,
which will make possible to predict the amount of leak in whole in all cases of failure, as well
as other reasons of failures basing on the statistic data.

Statement of the task. The statistics on the accidents at pipelines makes possible to
make quantity estimation of the probability of the leaks arising at the pipelines, as well as to
determine their sizes [9]. Besides, the analysis of similar situations gives the possibility to
determine the degree of different factors effect on the probability of the leaks appearance and
their sizes. During the statistic analysis there were identified five reasons of leaks:

- the metal fracture caused both by the propagation of the available damages in the
original material and those appeared during manufacturing of pipes and pipeline structures.
Such damages can be those of welding defect, stratification, etc;

- corrosion, which results in the pipelines wall fracture during their operation;

- the operator’s errors during the operation and maintenance of the pipelines;

- the influence of the external forces, e. g. ditching machines;

- the influence of environment. These can be such phenomena as soil shrinkage, soil
erosion because of heavy raining, etc.

The processing of statistics data made possible to estimate the frequency of the leaks
arising according to every of these reasons separately. Lately the main reasons are those of
metal damages and corrosion. The probability of the leaks arising because of these reasons is
in 10 times higher than that of leaks caused by the influence of the external forces.

This conclusion contradicts the materials published earlier, according to which the most
probable reason of the pipelines fracture is that caused by the influence of the external forces.
But in the mid-70s the influence of the external forces was the overwhelming reason of the
pipelines fracture. But soon the most reasons of accidents were those of the material fracture
and corrosion.

The data testifies the trend of gradual increase of total number of leaks during last years,
although these changes are not so sufficient as the number of leaks according to special
categories of the accident reasons.

According to the data for the last 5 years of the pipelines operation the probability of
the leaks caused by special categories of reasons is presented on the Table 1.

Table 1

Probability of leaks arising

Categories of leak arising reasons Value, %
Material fracture 14,7
Corrosion 8,8
Operator’s error 8,8
External forces influence 2,0
Environment influence 2,0

One of the characteristic features of the pipeline transportation is the probability to loose
great amount of product while the leaks arising. There are two approaches to the estimation of
the possible leaks amount. In the first case the amount of possible leaks is estimated basing on
the statistical data of the last period of time. In the second case the determination approaches is
used, when the flow of pumping over in the place of leak is modeled and its duration relatively
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the leak sizes. While analyzing the first approach has been chosen, which is based on the statics
of the last years.

To determine the dependence of the probability of different sizes leaks arising on the
listed above reasons, all leaks were categorized in three types: small (0...70ths. m®/year),
medium-size (70...300ths. m*/year) and great (over 300ths. m®/year)

The most probable are small leaks under corrosion damage. It is explained by the fact
that, for example, the pit corrosion is accompanied by the appearance of relatively small pits in
the pipeline walls and it limits the leak sizes. During accidents caused by the external forces
large leaks are the most probable.

Although the economic, ecological and social consequences of leaks at pipeline
transportation are specified first of all by the sizes of these leaks, it doesn’t mean that just these
reasons are to be taken into account, which result in the greatest leaks arising. The frequency
of their happening is of importance as well, irrespective of this or that reason.

Thus, if the frequency of their arising is taken into account, the probability of great leaks
arising because of the material fracture appears to exceed in two times the probability of similar
leaks caused by all other reasons together. The next place in the rank of probability of great
leaks arising are those caused by the external forces and the operator’s errors.

The sufficient reason of great leaks caused by the materials fracture is that of crack-like
fractures in the material, which can propagate for beyond its initial borders being followed by
the substantial pipelines damages.

Analysis of this data makes possible to develop the method for predicting the leaks
amount at the pipelines. In its turn the prediction of the leaks amount basing on the presented
statistic information allows to specify the directions of development of the modeling methods
and identify the leaks, as well as the range of these methods application. It is caused by the fact,
that «small» and «great» leaks must be identified using different mathematic approaches,
control devices, etc.

The first group of the losses components is minimum, when the pipeline reliability is
raised, that is, when the efficiency of its operation is raised. But ecological losses can be at the
previous level. The raising of the power supply reliability of the pumping equipment, which is
often the reason of transporting stoppage, sufficiently increases the reliability characteristics of
the pipeline, but the possible ecological losses are sufficiently less. That is why while solving
the problem of raising the pipelines reliability it is worth to identify two aspects: operational
and ecological.

The operation reliability characteristics are the parameters of the failure flow, mean-
cycles-to-failure and that of between sequence failures. To estimate the ecological reliability it
is worth using the parameters, which make possible to predict the amounts of single accident
leaks, and total leaks (during certain period of time) being specified by the conditions of
operation. The latter causes the need to develop the methods of prediction the amount of leak
while the pipelines operating.

The main investigation ideas. One of the possible approaches to the solving of the
problem in question is the prediction method for leaks amount basing on the statistical data [10,
11]. The mean value of the leak amount V and average-quadratic error for the series being
analyzed is equal to, correspondingly:

V:ivcipi’ o= Zk:(Vci—V)ZPia
i-1 \!i:l

where k — is the number of intervals in the variation series; V,; — is the value of the i-th interval

mid; Pi — is the empiric probability of the i-th interval. The variation coefficient being the
relative (dimensionless) characteristic of the leaks amount scattering is equal to
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According to the variation coefficient let us hypothesize, that the analyzed statistical
data is subject of the Weibull law and the distribution function F(V) looks like:

F(\/)=1—bexp{—(%)b},

where a — is the scale parameter, b — is the shape parameter.

Let us check the hypothesis according to the Pirson’s criterion y*, which is the sum of
error square of empiric and theoretical frequencies in every interval of the variational series of
the statistical information. The theoretical frequency in the i-th interval m ; can be found:

m; = N[F(vi )-F(V, )]

where N — is the number of statistical data; F(Vik), F(Vi,) — are the values of integral functions
at the beginning and at the end of the i-th interval correspondingly.

Table 2

Variational series of the leaks amount

Calculation values
Grouping o L Empiric .
el | interval, ths. M'd'\r,‘ferval frig]lf’;;'fy orobability fTrgeng]téc i 2
m?3/year ci Pi qm yim—m
4l
1 10 50 25 76 0,500 73 3,0 0,123
2 50...100 75 20 0,132 18,2 1,8 0,178
3 100...150 125 11 0,072 10,7 0,3 0,008
4 150...200 175 8 0,053 9,1 -1,1 | 0,133
5 200...250 225 6 0,039 53 0,7 0,093
6 250...300 275 5 10,033 4.4 0,6 0,082
7 300...400 350 8 0,053 7,0 1,0 0,143
8 400...600 500 7 0;046 8,1 -1,1 | 0,149
9 600...1000 800 5 0,033 7,7 -2,7 | 0,1947
10 1000 3000 6 0,039 8,5 -25 | 0,735

Presented mathematic model of the leak amounts distribution was built basing on the
statistic data according to all types of failures. Besides, as the operation experience shows, the
specific value of definite reasons of failure differs greatly. The corresponding amounts of leaks
are different as well.
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In order to improve the prediction of leaks amount and increase the reliability of the
pipelines operation there is a need of differential registration of the influence of the failures
reasons on the leaks amount.

The most part of failures is caused by the materials fracture. To identify the mathematic
dependence of the leak value distribution, caused by the materials fracture, the interval variation
series has been built (Table 3).

Table 3

Interval variational series of the leak values caused by the material fracture

—_ | Grouping N o o Empiric Calculation values
S 8| interval | Midinterval | £ 5 bpb-|- Theoretical
S e a v 5 2 m, probability mooml 2
€ 3 ) ci EES P frequencym , | 1 T X
- ths. m%/year = '
1 0...50 25 25 0,4 23,3 1,7 0,124
2 50...100 75 10 0,16 8,3 1,7 0,348
3 100...200 150 9 0,14 9,5 -0,5 | 0,026
4 200...300 250 7 0,11 5,7 1,3 0,297
5 300...500 400 5 0,08 6,4 -1,4 | 0,306
6 >500 1550 7 0,11 9,8 -2,8 0,80

Basing on the probability-statistical method of investigations, carried out basing on the
presented method, the parameters of empiric and theoretical distributions have been found, the
values of which are presented on Table 4.

Table 4

Empiric and theoretical distribution parameters

Number values of failure

Numerical characteristics Material Metal All types
fracture corrosion | of failures
Average leak amount 237 6,4 243,5
Midquadratic error 462 55 582,3
Variation coefficient 2,39 6,8 2,39
;’:fa\r:]V:tlek;ugll theoretical distribution parameters: 06 12 05
Parameter a 180 6,8 120

The testing of the hypothesis on the Weibull distribution law testified the possibility of
its application for predicting the leak amounts, which differ in different failures caused by the
materials fracture and corrosion.

Conclusions. The proposed mathematic models make possible to predict the leaks
amount of the product in whole according to all types of failure, as well as some special reasons
of failures. Moreover, it makes possible to choose the most efficient solutions for the
diagnostics and to prevent the leaks at the main pipelines.
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MMPOTHO3YBAHHSA NOTEHIIMHWX PU3VUKIB BHHUKHEHHSI
BUTOKIB HA I'A3OIIPOBOJJAX

Boaogumup I'pyas; Bacuis 3anyxusk; Bosogumup I'pyas (mosoammii);
JIrwoomup Iodepexnnii; Haranisa /Apins; Poman Craciok

leano-Ppankiecokuil HAYIOHATLHUL MEXHIYHUL YHIGepcumem Hagmu i 2asy,
leano-Dpanxiecvk, Ykpaina

Pe3tome. 3nauni mepminu excniyamayii 2a30npoeoodie GUKIUKAIOMb CMAPIHHA Memany 6HACAIO0K
KOPO3IUHUX Npoyecié ma aeapitl, wo Hpu3800ums 00 HOAEU SUMOKIE 3 mpybonposodie. Taxa cumyayia €
Henpunycmumo 3 eKOHOMIYHOI ma eKON02IYHOI MOYOK 30Dy, OCKIIbKU BUMIK 2a3y MOdce Npu3eecmu 00
3a2a308aHOCMI 3HAYHOI MepUMOpIi, a 8 OesKUX BUNAOKAX — 00 YMEOPEHHS 2a30N08IMPAHOL cymiwi Ul 6udyxy, 6
pe3yibmami K020 GUHUKAIOMb CYMMEBT eKOHOMIYHI 30umKy ma Hebeznexa 0 1100cbko2o scumms. [Iposedeno
CMAamuUCMuyHUil aHali3 AeapiuHux cumyayiti Ha mpybonpoeooax, sKull 00360J5€ OYIHUMU CMYNIHbL GNIUGY
PDIBHOMAHIMHUX PAKMOPI6 Ha UMOGIPHICMb GUHUKHEHHS 6UMOKIE [ IX po3mipu. Becmarnosneno, wo npu Kopo3itHux
NOWKOONCEHHAX MPYOONPo80die HAOINbWL UMOBIPHI MATE BUMMOKLL, A NPU ABAPISX, 3YMOGIEHUX GNIUBOM 308HIUHIX
cun, HaugipoliOHiwi 6enuki eumoxu. 3aeanrbHOo8Ii00MO, WO NOS8A GUMOKY 243V 3 2dA30MPO60JY GUKIUKAE
HeCmayionapHuii npoyec, 3d Xapaxkmepom NPOMIKAHHA AKO20 MONCHA OYIHUMU 6elUduUH)y 6UmoKy. Akrujo
2a30nposio neped NoA6oI0 GUMOKY NPaylo8as y HeCMayioHAPHOMY pedcumi, Mo nosea UMOKY Hece 30yPeHHs 6
npomikanus Hecmayionaprozo npoyecy. [na euasienus GUMOKY, HA OCHOGI OemepMiHOBAHO20 NiOX00Y,
MOOeNEMbCA NOMIK NEPeKayy8anHs 8 MiCYi 6UMOKY [ 11020 MPUBATICHb CIOCOBHO KOHKPEMHUX PO3MIDI8 GUMOKY.
Icnyroui Oemepminosani mamemamuuni mooeni O UABNIEHHSA 8UMOKIE nNompebyromy iHGopmayii npo eeruyuny
sUMpamu GUMOKY mMa 2e0MempudHi po3mipu aeapiiiHo20 Omeopy, KA HA MOMEHM 4acy GUHUKHEHHS BUMOK)
siocymns. Tomy 6 cmammi po3pobaeno modenw, AKA 0036015€ NPOSHO3YEAMU 00CA2U GUIMOKY NPOOYKMY 8 YLI0MY
no 6CIX 8UOAX GIOMOS, A MAKONC NO OKPeMUX NPUYUHAX 6I0MO8 HA OCHO8I cmamucmuunux oaunux. Lle oae
Modicnugicmy subpamu HatleexmueHiui piuients 015 0iaeHOCMUKY ma 3ano0ieanus UMoKi8 y Ma2icmpaibHux
mpyoonposooax.

Knrouosi cnosa: 2azonpogio, diacnocmyeannsi, 0egpexmu, 6UMOKU, CIMAMUCIUKA, PO3NOOLL 8EIUUUH.

https://doi.org/10.33108/visnyk_tntu2019.04.032 Ompumano 14.01.2020

38 ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (96), 2019 https://doi.org/10.33108/visnyk_tntu2019.04


https://doi.org/10.33108/visnyk_tntu2019.0
https://doi.org/10.33108/visnyk_tntu2019.04.0

