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MONITORING OF TECHNICAL STATE OF TECHNOGENIC UNSAFE PIPELINES

Introduction

One of the tasks in securing an accident-proof
operation of main pipelines is monitoring of their
stressed state. Some pipelines could transport
substances unsafe as for the environment, so for
engineering objects and infrastructures. In Ukraine,
for instance, the ammonia pipeline only has an
extension of about 1000 km. Taking into account
additional risk factor from present military activity,
the problem of transportation via pipeline systems
and environmental safety parameters improvement
are important tasks that require an urgent solution.

During operation the stresses in pipes vary as a
result of influence of mechanical factors (ground
shifting, water flows, seasonal climate changes etc.).
The most pressing task is to control the technical
state of the most hazardous zones of the pipelines —
transitions across rivers, highways, railways as well
as those located close to settlements.

These zones usually bear greater loads and in the
same time in case of pipe failure and product
leakage the ecological damage  increases
significantly.

It is close to impossible to take into consideration
all operation loads and unpreventable deviations
during construction, not to mention special processes
occurring in structures older than ~25 years [1, p.
3-12]. Of course, designing methods are being
continuously upgraded, so one may assume the
newest pipelines to have very good degree of
adjacency of static and temporal continuous loads
during structure operation to ones used to design the
structure. However, for short-term loads such
adjacency is considered to be lower (good), for
special ones it is no higher than acceptable. For the
pipelines being in operation for 25+ years this
characteristic (adjacency) can be assumed to be
acceptable for static and temporal continuous loads,

© Fomichov S., Minakov S., Minakov A., Pirumov A., Shevchenko M., Chvertko Ie., Vovk O., 2017



172

HaykoemHi TexHonorii Ne 2 (34), 2017

while for the other types of loads it is close to
unsatisfactory [2, p. 11-14].

All above makes the development of methods
and systems for in-service monitoring of the
technical state of main pipelines an important task
which involves not only development of measuring
devices [3, p. 295-302], but also methods of
identification of potentially hazardous areas [4,
p- 352-360] and data transferring systems as well [5,
p. 4763-4769; 6, p. 264-273].

A common approach to data processing includes
application of artificial intelligence instruments
which are rather effective for quality evaluation and
prediction in metal structures’ production [7, p.
31-38; 8, p. 88-93].

Objectives

The paper gives detailed description of the
flexible system for monitoring of stressed state of
main pipelines (hereinafter referred to as system)

System description

Research performed in the “Igor Sikorsky Kyiv
Polytechnic institute” showed the effectiveness of
the sensors operating on the basis of magneto-
anisotropic effect for such systems [9, p. 48—51].

The method is based on the phenomenon of
changes in the magnetic properties of metals under
the influence of mechanical stresses and strains.
Such measuring systems have shown themselves
well for stationary conditions — when sensors are

mounted on the structure and the measurement is
performed periodically without sensors being moved
(for example, there is no need in scanning the
structure or there is no hard limit on the
measurement time) [3, p. 295-302].

The system for monitoring mechanical stresses in
pipelines was developed as a five-level-structured one:

— the 1¥ level — single-channel non-autonomous
system with mobile measuring device;

— the 2™ level — multi-channel stationary non-
autonomous system with mobile measuring device;

— the 3" level — multi-channel stationary non-
autonomous system with mobile information pickup
device;

— the 4™ level — multi-channel stationary
autonomous system with discrete data storage device;

— the 5™ level — automated multi-channel
stationary autonomous system.

Detailed System Description

Here the detailed description of each system level
is presented.

The 1* level — single-channel non-autonomous
system with mobile measuring device (Fig. 1)
includes: single-channel mobile device (for example,
a measuring instrument for mechanical stresses
MESTR), sensor (4-poled magneto-anizotropic
transformer); software (SW1) allowing to draw
stress diagrams in the pipe cross-section. The 1*
level system is aimed to be used in stationary
conditions as well as for local measurements.
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Fig. 1. 1™ level monitoring system
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The 1* level system allows:

— to evaluate working stresses during pipeline
operation and to locate the most stressed zones;

— to perform pre-production experiments aimed
to choose technology of assembling, welding, post-
welding treatment for minimizing post-welding
tensions and deformations;

— to evaluate stressed state during structure
construction and repairing as well as to choose an
optimal technology of construction and repairing;

— to locate zones on the pipeline with the
highest stresses where stationary systems should be
placed in future.

The system allows to perform manual measu-
rement on any accessible place on the pipeline — in
the wells, during preventive maintenance with and
without excavation. Such system is reasonable for
use during pipeline maintenance and as in-service
inspection instrument if the required number of

(1% Block of )
Converters

measurements per year does not exceed a couple of
hundred.

The 2™ level — multi-channel stationary non-
autonomous system with mobile measuring device
(Fig. 2) includes: measuring device, sensors and
software SW1 (same as for 1* level) and a switching
unit. Ideology of the 2™ level is the same as for the
1* and they are fully compatible. The sensors are
placed on particular zones of the pipeline and
periodical data collecting from them is performed
through switching unit.

Unlike the 1% level, sensors remain stationary
during the whole period of system operation, not
only during one measurement.

It is essential to ensure data identification for the
2" level: the scheme of sensors’ placement should
be developed prior to system mounting on the
pipeline, each sensor should be assigned with a
unique ID.
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Fig. 2. 2" level monitoring system

To collect data operator uses mobile device, no
remote data transmission is performed. The sensors
can be placed on the open zones of the pipeline,

including underground ones. In this case an output
with a socket for data collecting device should be
brought on the surface.
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Limitations for the 2™ level are those related to
time of measurement and requirements to relocation
of sensors. The 2™ level is good for zones with
continuously high hazard, those requiring control in
particular time (seasonal changes, landslides,
washing out etc.). Estimated number of
measurements per year for the 2™ level is around
one to several thousands.

The 3" level — multi-channel stationary non-
autonomous system with mobile information pickup
device (Fig. 3) allows to increase significantly
system performance and number of sensors as well
as the information value of the system as a whole.
The 3™ level includes sensors, universal measuring
device (UMD), mobile data pickup device and
advanced software SW2 (different from SW1).
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The 3" level theoretically allows to place
unlimited number of UMD’s on the pipeline. The
sensors are placed stationary and the operator uses
an external data collecting device to obtain data
from each UMD separately. Collected data are
transferred to the mobile device and are proceeded
with the SW2 software. Later they can be transferred
to local or global servers if needed.

The 3" level is good if the estimated number of
measurements per year is up to 100000 and can be
easily upgraded to levels 4 and 5.

The 4™ level multi-channel stationary
autonomous system with discrete data storage device
(Fig. 4) — is the same as level 3 with additional
blocks of controller and repeater. Software used for
level 4 is SW2.
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Fig. 3. 3 level monitoring system
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Fig. 4. 4™ level monitoring system
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Block of Controller allows to connect any desired
number of UMD’s to one dataline and to collect
information from sensors in one node. Mobile PC
can be connected anytime to the system for
recording all information about measurements
needed. Sensors, UMD’s and repeaters are placed
stationary on the structure.

4™ level is good if hundreds of thousands of
measurements per year are required. 4™ level system
can be easily upgraded to level 5, the only difference
between them being application of means of
automation of data transfer and processing. The
system can operate fully autonomously.

The 5™ level automated multi-channel
stationary autonomous system (Fig. 5) — is based
on 4™ level. The data are automatically transferred
through communication channels to local and global
servers.
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5™ level’s full automation of monitoring of
stresses in pipeline allows to analyze the state of
potentially hazardous zones in real time without any
limitations in operator’s location and allows to
perform millions of measurements per year.

The developed system of monitoring of stressed
state of pipelines is flexible, it’s structure can be
optimized for each object of monitoring taking into
account potential hazards and cost of each
measurement. Though the system itself is not limited
in quantitative and qualitative composition of levels
being used simultaneously (basically, one can use
any combination of system levels to fit the
requirements), authors would like to emphasize that
each level does has its own economical utility
(Fig. 6). It was already mentioned that inter-level
upgrades are possible: the 1st level can be upgraded
to the 2™; the 3™ — to 4™ or 5™ and the 4™ to 5™.

N\
A
~

Communication

Channel
co0o0o0o00o0

Software SW2

Fig. 5. 5" level monitoring system
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Fig. 6. Areas of system levels’ application
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Conclusions

1. The flexible system for monitoring of the
technical state of pipelines allows to adjust its
characteristics (number of channels, mobility,
autonomy, level of automation, number of
measuring units etc.) to the requirements aimed to
ensure safe operation of the pipeline.

2. The system allows to improve information
capacity of each level separately, inter-level
upgrades are possible as well. This allows to
minimize cost of system operation without reducing
its information value. The system allows to obtain
enough data for making decisions on any level of
management.

3. As a general disadvantage of the system
limitation of its application for structure scanning
can be named. This limitation appears to result from
the sensors used and is especially crucial for level 1.
It is reasonable to continue research in a field of
developing of real-time methods and means of
measurement.
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Fomichov S., Minakov S., Minakov A., Pirumov A., Shevchenko M., Chvertko Ie., Vovk O.
MONITORING OF TECHNICAL STATE OF TECHNOGENIC UNSAFE PIPELINES

Ukraine has a wide network of main pipelines on its territory. For most of them pre-set operation time has already
run out or is close to finishing. This fact together with a potential hazard of technogenic pollution of territory around
the pipeline in case of accident rises a problem of monitoring of technical state of pipelines and, as one of possible
outcomes, prolongation of operation life of the structure. Authors propose a system able to perform local measurements
of mechanical stresses and deformations in the welded structure. Depending on the aim of measurement — single
measurement, monitoring of an area, monitoring of the whole pipeline — system has a possibility to change its
measuring and data processing sub-systems up to the case when its fully autonomous operation is needed.

Keywords: monitoring; main pipeline; technogenic hazard; complex system; sensor.

®omiuoB C., Minakos C., Minakos A., IlipymoB A., llleBuenko M., UsepTko €., BoBk O.
MOHITOPUHI' TEXHIYHOI'O CTAHY TEXHOI'EHHO HEBE3IIEUHUX TPYBOIIPOBO/IIB

Yrpaina mae na ceoili mepumopii poszeanysiceHy mepedcy mazicmpanbHux mpyoonpoeooie, mepmin podoomu
Oinvuwocmi 3 AKUX 8UliU08 abo 0odieac Kinys. YV 38 ’a3Ky 3 Yyum, a Makodic i3 NOMeHYIUHO Hebe3neKo0 MexHO2eHHO20
3a6pyOHeHHs: mepumopili HagKkolo mpybonpoeodis y pasi asapii nocmae NUMAHHA MOHIMOPUHSY MEXHIYHO20 CMAHY
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mpyb ma noooeiceHHs pecypcy pobomu KOHCMPYKYii 6 yinomy. Aemopu cmammi nponoHyIoms CUCmeMmy, KA 003601€
BUKOHYBAMU JOKAIbHI GUMIDIOBAHHS HANPYICEeHb | Oehopmayiil HA 36apHill KOHCMpYKYIl. YV 3anesjicnocmi 6i0 memu
BUMIPIOBAHHSL — OOUHUYHUL KOHMPOIb, MOHIMOPUHE OOHIET OLISHKU, MOHIMOPUHE NO Cili 00BAUCUHI MPYOONPOBOOYy —
cucmema Mae MONCIUBICMb POUIUPEHHS BUMIDIOBAILHOT Ma 0OYUCTIO8ANIbHOI YacmuH 13 nepexodom 0o pobomu y
NOBHICMIO A8MOHOMHOMY PENCUMI.

KniouyoBi cnosa: MOHiTOpMHF; MariCTpaﬂbHMIﬁ pr60np0Bi,ﬂ; TexHoreHHa HeGea3neka; KOMMIeKCHa CUCTEMA; AaTUmK.

®omuues C., Munakos C., MunakoB A., [lupymos A., llleBuenko M., Usepthko E., BoBk O.

MOHHUTOPHUHI TEXHUYECKOI'O COCTOSAHUA TEXHOI'EHHO HEBE3OITACHBIX
TPYBOIIPOBOJ0B

Yxpauna umeem na ceoeil meppumopuu pazeemeneHnyio cemv MAUCMPATbHBIX mMpyoonposoodos, cpox pabombl
OONBLUUHCIBA U3 KOMOPBIX 8bIULE] ULU ROOX00UmM K KOHYY. B ces13u ¢ smum, a maxaice ¢ nomeHyuaibHotl onachocmsio
MEXHO2EHHO20 3A2PA3HEHUsL MePPUMOPULL BOKpY2 MpyOOnpoeooos 6 ciyyae agapuu 03HUKAEM GONPOC MOHUMOPUHSA
MEXHUYECK020 COCMOAHUSL MPYO U NPOOIEHUs pecypca pabomvl KOHCMPYKYUU 6 YeroM. AGmopsl cmamui npediazaiom
cucmemy, KOmMOpAas NO3B0JAem GbINOAHAMb JOKAIbHbIE UBMEPEHUs HANpAXCeHull U oOepopmayuii HA CBAPHOU
KOHCmpykyuu. B 3asucumocmu om yenu uzmepenus — eOUHUUHBIL KOHMPOIb, MOHUMOPUHE O0OHO20 YYACMKA,
MOHUMOpUHZ No 6cell OluHe mMpybonposoda — cucmema umeem GO03MONCHOCMb PACUWUPEHU USMePUMETbHOU U
BLIUUCTIUMENLHOLL Yacmell ¢ nepexo0om K pabome 8 NOIHOCMbIO AGMOHOMHOM pedcume.

KnioueBble cnoBa: MOHWTOPUHI, MarMcTparnbHbld TPyBONpoBOA, TEXHOrEHHAsi OMacHOCTb, KOMMJIEKCHasi cucTema,
naTymK.
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