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Abstract. This paper presents results of the use of Big Data approach and neural network for the pipelines diagno-

sis problem. In this case the pipeline is in the conditions of crack growth of corrosion fatigue and exposed to hydro-
gen. It is proposed to use graphene protective coatings. The mathematical model for estimating the changes in the ef-
fective surface energy of WPL during plastic deformation, electrochemical overstrain, polarization potential and cur-
rent density of the metal dissolution reaction at the top of the crack on the pipeline surface during its mechanical
loading in an aqueous electrolyte solution is given. The dissolution of the metal is considered on the juvenile surface,
taking into account the anode and cathode regions based on the approaches of surface physics and electrochemistry.
An element of a mathematical model is a quality functional, taking into account information flows and a sensitivity
coefficient. Functional quality is used to specify the feedback between the investment project methodology and risk
estimates, as well as to optimize the information flows of enterprises and improve the system of protection of metallic
underground pipelines that operate under conditions of corrosion fatigue. The purpose of this project is to improve
the relevant regulatory and technical documents as well as software.

Keywords: gas pipeline, monitoring, fatigue crack, corrosion, databases, Big Data, neural network, intelligent soft-

ware, hardware, databases.

1 Introduction

The problem of unstructured data is related to the sep-
aration of sources, their format and quality [1, 2].

Underground metal gas pipelines that come in contact
with soil electrolyte can be taken as an example. Thermo-
mechanical processing allows the yield strengths of pipe
steels to be tailored through combinations of grain re-
finement, precipitation hardening (micro-alloying) and
phase transformations [3].

Places of maximum stresses are the tips of cracks in
the metal. Near the tips of cracks appears the influence of
hydrogen. The influence of hydrogen leads to hydrogen
embrittlement. That can be dangerous for metal pipelines.

Once hydrogen has been absorbed into the steel at the
crack tip, the mechanism(s) responsible for material dam-
age resulting from electrochemical and gaseous charging
will be similar with most of the experimentally observed
differences resulting from differences in the thermody-
namics and kinetics of the dissociation reactions influenc-

ing the activity of the atomic hydrogen in the crack tip
process zone [3].

Control of pipelines and technical equipment should
take the standards, other regulatory documents, criteria of
strength and reliability into account. In result, researchers
will receive large amounts of unstructured data (Big Da-
ta).

It is necessary to create new methods for analyzing
flows of information and chemical components for cor-
rect organizing, integrating and processing large data of
underground piping systems. This is a problem of re-
search.

2 Literature Review

Experienced pipeline operators utilize Magnetic Flux
Leakage (MFL) sensors to probe oil and gas pipelines for
the purpose of localizing and sizing different defect types
[4]. A large number of sensors is usually used to cover
the targeted pipelines. The sensors are equally distributed
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around the circumference of the pipeline; and every three
millimeters the sensors measure MFL signals [4]. Thus,
the collected raw data is so big that it makes the pipeline
probing process difficult, exhausting and error-prone.
Machine learning approaches such as neural networks
have made it possible to effectively manage the complex-
ity pertaining to big data and learn their intrinsic proper-
ties [4]. Discriminant features, which characterize differ-
ent defect depth patterns, are first obtained from the raw
data. Neural networks are then trained using these fea-
tures. The Levenberg-Marquardt back-propagation learn-
ing algorithm is adopted in the training process, during
which the weight and bias parameters of the networks are
tuned to optimize their performances [4].

The real-time text processing pipeline using open-
source big data tools which minimize the latency to pro-
cess data streams, explain it and evaluate is proposed in
paper [5]. Proposed data processing pipeline on Apache
Kafka for data ingestion, Apache Spark for in-memory
data processing, Apache Cassandra for storing processed
results, and D3 JavaScript library for visualization is new
technology [5]. Apache Kafka is a distributed data trans-
fer system that allows to process large amounts of data in
real-time. The effectiveness of the proposed pipeline
under varying deployment scenarios to perform sentiment
analysis using Twitter dataset is evaluated [5].

A novel model for reasoning across components of Big
Data Pipelines in a probabilistically well-founded manner
is proposed [6]. The interaction of components as de-
pendencies on an underlying graphical model is present-
ed. Different message passing schemes on this graphical
model provide various inference algorithms to trade-off
end-to-end performance and computational cost. The
framework with an efficient beam search algorithm is
instantiated. That demonstrates its efficiency on two Big
Data Pipelines: parsing and relation extraction [6].

An infrastructure for parallel analyzing big data in or-
der to search, pattern recognition and decision-making
based on the use of the Boolean metric of cyberspace
measurement is proposed [7]. It is characterized by using
only logical operation for determining the cyber-distance
by means of cyclic closing at least one object, which
allows significantly increasing the speed of analysis of
large data [7].

Formulation of the research goals

The purpose of this study is to organize and integrate
informative resources of Big Data in the system of a gas
pipeline and cathodic protection device and correspond-
ing technological, physical and chemical processes.

System of objects and processes

The objects of a gas transport system (GTS): metallic
pipes; metallic and dielectric coverages; devices of cath-
ode defence; devices of anodic defence; compressors;
devices of diagnostics and control are considered. Addi-
tional objects of research: standards and other normative
documents; software; technological, physical and chemi-
cal processes for the enumerated objects and processes
characteristic large amount of information (Big Data) are
taken into consideration.

A problem of the Big Data obtained during diagnosis
of underground gas pipelines (UGP) and devices by
means of contactless current measurements (CCM) is
raised [8].

3 Research Methodology

3.1 Mathematical modeling of pipelines in the
conditions of corrosive fatigue

The presence of fatigue cracks on the surface of metal-
lic underground pipelines emphasise the problem of cal-
culation values of strength characteristics at the action of
corrosive environments that did not find the complete
decision nowadays. In this connection it is necessary to
correct the row of defects and normative and technical
documents related to insufficient actuality of correspond-
ing.

In normative documents from exploitation of construc-
tion elements on this time the reasonable norms of legit-
imate values of corrosive damages, reduction of bearing
strength of construction elements are absent. It creates
complications in the ground of normative terms of exploi-
tation and evaluation of the maximum state of metallic
constructions, in planning of charges on exploitation of
construction elements and repair and restoration work.

An object of researches is underground metallic pipe-
lines that are in the conditions of corrosion-fatigue de-
struction. The subject of a study is normative document.
It is expedient to specify and perfect on the basis of the
information acquiring of results monitoring of under-
ground metallic pipelines functioning.

It is important to formulate the criterion and scientifi-
cally reasonable recommendations for providing of quali-
ty of underground metallic pipelines exploitation in the
conditions of fatigue and influence of aggressive envi-
ronment, and also forming of normative principles in
sphere of pipeline transport.

Only underground main gas pipelines in the ground
electrolyte in the conditions of low cycle fatigue should
be considered. For the improvement of normative docu-
ments it is expedient to build a complex mathematical
model, which will unite the physical and chemical model
of corrosion-fatigue processes, model of piling up de-
scription of damages in metals and theory of risks ele-
ments.

Equation that binds length of fatigue corrosive crack
and amount of cycles of loading to the coefficient of in-
tensity of mechanical tensions is used for the modeling of
speed increasing of fatigue crack on the middle rectilinear
area of kinetic curve. Corresponding equation is im-
proved for a metal in corrosive environment and the pH-
value of environment. The electrode potential of metal is
also taken into account.

For the base model of damage accumulation for metals
in the conditions of irregular deformation based on the
curvilinear change of damages model and energetic char-
acteristics are used near description of process of low
cycle fatigue. It is a base on criterion of fatigue strength.
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Critical specific work that answers the origin of fatigue
crack is included in a criterion.

Equation, power descriptions of metal and function of
relative value of amplitude intensity of tensions, that
characterizes the degree of mechanism influence of fa-
tigue on the fatigue curve is also used for description of
the irregular cyclic loading of metal. Evolutional equation
is written in for the modeling of low cycle fatigue of met-
als.

Correlation for description of low cycle corrosion fa-
tigue of material in metallic underground pipelines is
complemented by equations for the evaluation of risks
within the limits of investment project that executes cor-
responding organization (enterprise).

The functional of quality is used for receiving a feed-
back in methodology of risk evaluation of investment
project and for optimization of informative streams of
enterprise and improvement of the defence system of
metallic underground pipelines from a corrosive fatigue.
The aim of that application is the improvement of the
corresponding normative and technical providing and
software.

In zones with non-stationary plasticity strain it is ex-
pedient to use the criteria of adhesion strength, biocorro-
sive aggressiveness of soils, mechanical criterion for the
coefficient of intensity of tensions (the overstrain of cor-
rosive process takes into account), the criterion of corro-
sive stability of pitting, criterion correlation for the evalu-
ation of speed of stability corrosion of metal in the defect
of isolating coverage together with entered by diagnostic
weight of signs and diagnostic value of inspections, that
will complement, specify and perfect the system of the
corrosive monitoring of pipelines and be used for control
of corrosive process. With their help described and regu-
lated by a state standard optimization of terms of con-
struction elements defence of oil and gas industry can be
conducted.

As a result a new complex mathematical model in rela-
tion to upgrading of corrosion protection of metallic
underground pipelines from positions of corrosion fa-
tigue, electrochemistry, physics of surface processes,
mechanics of destruction and theory of risks is offered.
The conducted modeling takes piling up of damages in
metals into account and allows to study the mechanisms
of distribution of corrosive fatigue cracks in underground
metallic pipelines that are in aggressive environments, in
particular, in saltwater and ground electrolyte. The results
of mathematical modeling are the basis of methodology
development and improvement of normative and tech-
nical documents for metallic underground pipelines, that
are under the action of the regular and irregular cyclic
loading in the conditions of low cycle corrosive fatigue.

The joint use of corrosive fatigue criteria and corrosive
monitoring criteria of pipelines offered in this article will
allow to study in detail the mechanisms of distribution of
corrosive fatigue cracks in underground metallic pipe-
lines that are in aggressive environments from positions
of corrosive fatigue, electrochemistry, physics of surface
processes, mechanics of fracture and theory of risks.

For optimizing information flows P, the functional of
quality J(Py,FB(P))) with calculation for sensitivity coef-
ficient f is used [9]:

I FBR)) = [ £(3.in.5. Bt = opr. M

Iy

where y — vector of specific impacts (y(f) — vector
components (key parameters for the GTS), j = 1,2,..., n);
u — control vector of information flows; s — vector of
indeterminate perturbations; P; — information flows for
the GTS and security system (k = 1, 2, ..., m); m — total
number of information flows P, considered in the given
GTS; [t, t;] — time interval, in which the process is con-
sidered (formation of optimal values of parameters corre-

sponding to Py; f (},;, ;,ﬁ) — function reflecting quality
index; S — sensitivity coefficient; FB(P) — function char-
acterizing inverse relationship between flows P; and pro-
ject’s environment with accounting for sensitivity coeffi-
cient f and expert opinions; opt — optimization symbol,
t — time.

3.2 GTS protection system and Big Data

To protect the system (GTS) and related software, we
recommend using the scientific work algorithm [10].

This algorithm (stages) allows the following [10]:

1. The data owner describes which data user will grant
the access to certain data under specified constraints, and
generates a policy rule, then sends the rule to the trusted
authority.

2. The data owner encrypts the data with the encryp-
tion key, and then stores encrypted data in the database.

3. The encrypted data is sent into the Kafka cluster
which is comprised of one or more servers each of which
is called a broker.

4. The data consumer sends a request to the trusted au-
thority for data access, which involves passing on the
sticky policy.

5. The trusted authority checks policies, potentially in-
cluding challenges to the data user.

6. If all the policy checks are fulfilled and validated,
the trusted authority releases the private decryption key to
the data consumer.

7. The data consumer can get the encrypted data from
the kafka and decrypt it by using the decryption key.

3.3 Prospect of pipelines defence from
corrosion with the help of graphene coverages

Graphene layers as corrosion resistant films are pre-
sented [10]. Mild steel coupons were coated from the
synthesized graphene solution. Three layers of graphene
films were able to reduce the corrosion rate by 99 % [11].

Further work needs to be done to test the durability of
the graphene films and its resistance to corrosion with
respect to time [12].

Besides having a unique mechanical and electronic
properties [12], graphene coating has broad prospects for
practical application in specific structural and functional
materials [12, 13].
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4 Results

An object of the research is the metal under mechani-
cal stress with a surface crack in aqueous electrolyte solu-
tion. Destruction of passive films, a juvenile surface (JS)
with width & and zone of plastic deformation occurs at
the crack tip under the action of stress [14]. A geomet-
rical parameter ¢ at the crack tip in a first approximation
is interpreted as its opening J;c. The crack tip and, in
particular, JS spreads into the depth of body under me-
chanical stress and corrosive environment. The cathodic
and anodic electrochemical reactions occur at the crack
tip region. Corrosive dissolution corresponds to the anod-
ic reaction of metal. The crack tip (JS) is interpreted as an
anode (A), beyond it on sides it is interpreted as a cathode
area (K) [14]. The system “A — K” presents an electro-
chemical pair.

On the basis of the correlations [14] coefficient of
stress intensity (KSI) Kjgcc is related to crack opening ;¢
and overstrain ¢ of reaction of dissolution of metal by
next formulas (2):

E
Koo = \/“-[WPL—ZS,Fpéﬂé;J: [E-c.5,., @

-V

where z;; — microcrack, m; M — is molecular mass of
metal, g/-mol'l; Kgcc — is a threshold value KSI, that is
minimum value that corresponds to the beginning of cor-
rosion crack propagation; WPL — is specific energy
spending on the plastic deformation of surface layer of
body during formation of new (juvenile) surface; E, v— is
the modulus of longitudinal elasticity (Young’s modulus)
of material is a formal charge of the solvated ions;
F =96 500 C-mol™ — Faraday constant; 6 — is an impend-
ing front of and Poisson’s ratio.

An electrochemical overstrain is a deviation of elec-
trode potential from its equilibrium (in relation to solu-
tion near the electrode) thermodynamics value during
polarization of electrode under electric current [14].

The empiric correlation that binds KSI to WPL is set in
article [14] based on research results of pin (contact)
deformation of different brands of steel (Poland: 15GA,
EU: 20MoCr2-2, USA: A 516-55, etc.):

K scc = aVvWPL —a,;

a, =2.26-10° @; 3)
m

a, = 6.98Jm (MPa).

Correlation (Kaesche) for the current density i, in the
crack tip according to the paper [14] is:

; 205'7('A‘//ak 4)
“ 5(c/)’

where o — is an angle of the crack tip; y — is conduc-
tivity of electrolyte; Ay, — is a change of potential be-
tween anodic and cathodic parts; ¢ — is a depth of crack.
Expression (4) is submitted for a crack in a unstressed
metal. In actual use of construction elements, in particular
pipelines, it is necessary to take diagnostic method and

the terms of corrosion stress into account [14, 15]. There-
fore correlation (4) should be generalized by addition of
information about mechanical parameters and characteris-
tics.

Correlations (1)—(4) present a mathematical model for
change estimating of effective surface energy WPL dur-
ing a plastic deformation, electrochemical overstrain and
density of current of reaction of dissolution of metal in
the crack tip on the surface of metal at its mechanical
stress in aqueous electrolyte solution. Such type of re-
search is required by the uses of Big Data.

For example we will use the experimental data that
approximate dependence as Tafel correlation for the
evaluation of influence of mechanical stress tension on
intensity of corrosive processes in Steel 20, that is in 3 %
solution of NaCl, in particular, in the crack tip in the
moment of fracture of passive films, when the anodic
current of i, grows substantially [12]:

i =i,exp(DE/a), DE=E,~E,, )

where ij is the corrosive current; a is a Tafel parameter
of anodic process; Ey, E, is the corrosion potential and
potential for anodic process. The polarization potential Ep
of the metal surface (pipeline) in [8] is presented.

We will use the correlation:

E,= f(DE,E,,E,,()- (6)

A mathematical model (1)—(6) is developed for the
evaluation of surface energy of plastic deformation, over-
strain, polarization potential and density of current of
metal dissolution reaction in the crack tip for the metal
(steel) loaded in aqueous electrolyte solution on the basis
of approaches of surface physics and electrochemistry.
Dissolution of metal is considered on a juvenile surface
taking into account a stress intensity coefficient (KSI).

We propose to use the information of Big Data in the
process of neural network spectral analysis, which is able
to adapt to requirements of a specific sensor [16]. Such
component features with high reliability, ability to adapt
to a specific application, and usage of design principles
ensuring the possibility of a simple expansion of the in-
telligent component potential by means of completion
with new algorithmic solutions [16].

Let’s formulate general information on data collection
(Big Data) regarding pipelines and their processing:

. Analysis of processes.

. Modeling.

. Monitoring using device BBC-K [8].

. Data mining.

. Optimization of information.

. Optimization of development processes.

. Assessment of production risks for pipelines.
. Statistical methods of information analysis.

. Application of methods of machine learning.

10. Obtaining stable estimates of model parameters.

11. Construction of prediction and an estimation of a
resource of pipelines on the basis of the learned models.

12. Decision-making regarding repair terms.

O 001N N AW —
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5 Conclusions

A mathematical model (1)—-(6) is developed for the
evaluation of surface energy of plastic deformation, over-
strain, polarization potential and density of current of
metal dissolution reaction in the crack tip for the metal
(steel) loaded in aqueous electrolyte solution on the basis
of approaches of surface physics and electrochemistry.
Dissolution of metal is considered on a juvenile surface

The general principles for the selection of information
concerning the monitoring of underground pipelines
based on Big Data technology as a result of data pro-
cessing and the corresponding algorithm are formulated.

A method of functioning of intelligent software and
hardware complex for the monitoring system of a metal
gas pipelines and security system using Big Data is pro-
posed.

In this paper the Big Data methodology is improved

taking into account a stress intensity coefficient.

due to functional of quality application, micro and macro
processes and inverse relationships.
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AHoTtamisi. Y poOoOTi TOJaHO pe3yibTaTH BHKOPHCTaHHA minxonxiB Big Data Ta HeHpoOHHHMX Mepex It
JiarHOCTYBaHHA TpyOompoBofiB. [IpmiitMaeMo 10 yBarm, IO Ha HOBEpXHI TPYyOONPOBOIY 3HAXOIATHCS BTOMHI
KOpO3iiiHi TPIMIMHHU 1 MeTajl MiANA€ThCs BIUIMBY BOJHIO. 3alPOINOHOBAaHO BHUKOPHUCTOBYBAaTH rpad)eHOBI 3aXHCHI
MOKpUTTA. HaBeseHO eneMeHTH MaTeMaTHYHOI MOJIET I OLIHIOBAaHHA 3MiH e(eKTUBHOI moBepxHEBoi eHeprii WPL
MiJ 9ac MIaCTUYHOI Aedopmaliii, eNeKTPOXiMIYHOTO MepeHaNpyKeHH, MOJPU3ALiIfHOTO MOTEHIially Ta TYCTHHU
CTPYMy peakiii pO3UYMHEHHS MeTaly y BepIINHI TPIIMHM Ha MOBEpXHI TPyOOIPOBOLY MiJ Yac HOro MeXaHIYHOTO
HaBaHTA)XEHHS y BOJHOMY PO3YMHI €JEeKTpOJiTy. PO3UMHEHHS MeTaly po3riIsigaeMo Ha IOBEHUIBHINH IOBEpPXHi 3
ypaxyBaHHSIM aHOJHOI Ta KaTOMHOI MUISHOK HAa OCHOBI MiAXOXiB (hi3WKU MOBEpPXHI Ta enekrpoximii. EixemeHTOM
MaTeMaTHYHOI MozeNi € (QYHKIIOHAT SIKOCTI 3 ypaxyBaHHSAM iH(pOPMALIHAX MOTOKIB Ta KOeQillieHTa YyTJIUBOCTI.
ODyHKITIOHAN SKOCTI BUKOPHCTOBYEMO JUIsl KOHKPETH3amlii 3BOPOTHOTO 3B'A3KY MiXK METOJOJOTI€I0 1HBECTUIIHHOTO
MPOEKTY Ta OLIHKAMHU PU3UKY, a TaKOX AJIsI oNTuUMi3amii iHpOpMaIiifHUX HOTOKIB MiANPUEMCTB Ta BIOCKOHAJICHHS
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Ki1r040Bi cj10Ba: ra3onpoBi, MOHITOPHHT, TPIIIMHA BTOMH, KOPO3isi, 0a3u JaHMX, BEJUKi JaHi, HEHPOHHA MEpexa,
iHTeNeKTyalbHe IporpaMHe 3a0e3NeueHHs, anapaTHi 3aco0u, 0a3u JaHUX.
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