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ORGANIZATION OF SAFE MANAGEMENT
OF FIRE OPERATIONS ON GAS PIPELINES

Abstract. The article discusses the issues of safe operations on the main gas pipelines of the Republic of Ka-
zakhstan, which, as a result of deterioration of pipelines main part and their active susceptibility to stress corrosion
cracking, require repair work. Considered new approaches of repair work organization by open fire using. It has been
analyzed that the application of these measures in practice will ensure proper organizational planning and technical
training of personnel, and effective provision of necessary level safety for hot work. It was concluded that it is
necessary to introduce safety increasing measures during fire work on gas pipelines, it will prevent possible disasters,
fires, destruction and human losses due to explosions during repair work on gas pipelines, as well as reduce dama-
ging factors affecting workers health. It is shown that introduction of the named above measures helps to prevent
disasters, fires, destruction and loss of life as a result of explosions during gas pipelines repair, as well as damaging
factors reduction that affect workers health during these types of work.

Key words: gas pipeline, accident rate, industrial safety, in-line diagnostics, hot work, fire work, safety control
stand, instructional cards, fires, explosions, pipe wear, corrosion.

Introduction. The development of gas industry leads to the need to improve gas pipelines operation
reliability in order to supply planned products to end users. The main task during gas transportation is to
ensure reliable operation of gas pipelines due to implementation of a set of planned measures and repair
work. This paper discusses the main hazards arising from fireworks, the methods for their safe handling,
as well as the requirements regulated by legislation in the industrial safety field.

The article also describes the use of the stand for comprehensive and continuous monitoring of in-line
space gas content, as well as provides regulation of inside sealing devices pressure of disconnected or
removed for repair part of gas pipeline.

At oil and gas facilities, every third event occurs as a result of personnel erroneous actions, due to
violations of organization and production of repair work requirements. In order to increase the awareness
of workers and a more complete study of industrial safety and labor protection requirements, the hypo-
thesis of using instructional cards as a type of production instructions is put forward.

Target setting. In the view of pipeline systems development and implementation of measures and
with purpose to increase the productivity of hot works, it is more relevant to provide safe working condi-
tions and reducing the loss of transported natural raw materials during the operation of trunk pipelines [1, 2].
In this paper, was considered the one of possible ways to achieve goals and objectives by increasing labor
productivity and reduction values of harmful emissions of gases into the environment to minimum.

According to industry regulations and regulations for hot work on the linear part of gas pipeline,
these types of work are allowed to be carried out only after a pressure of 100 to 500 Pa is set in it [3, 4].

Reduced pressure limits or completely disables transportation of product through the pipeline, as a
result of which gas pipeline may be idle for a long time. For example, during cutting and replacing a
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section of gas pipeline, the linear section is idle for an average of 18-20 hours. Also, the fireworks dura-
tion is affected by the presence of a significant probability of accidents, which also leads to a reduction of
work productivity.

Information about accidents on the main gas pipeline of the Republic of Kazakhstan. During
working on gas pipelines, as well as at other hazardous production facilities (HPF), there are risks of acci-
dents, injuries, incidents. One of the most important tasks of industrial safety is to reduce the likelihood of
these events.

Data analysis of main systems of gas pipelines suggests that the main part of gas distribution system
of the Republic of Kazakhstan was built in the 70-80s of the last century, as a result of which at present
gas pipeline systems are characterized by a high proportion of networks requiring repairs (54%) [5, 6].

Significant deterioration of pipeline system adversely affects the accident rate on hazardous
production facilities, including the state of industrial safety.

According to information on accidents on main gas pipelines of the Republic of Kazakhstan,
accidents at these facilities mainly occurred due to external and internal corrosion, construction and in-
stallation works defects, as well as mechanical damage [7, 8].

In order to eliminate the main accident factors, are planned simulative measures to industrial enter-
prises to modernize and introduce automated tools, as well as to improve the industrial safety regulatory
framework according to modern standards and international technological requirements [9, 10].

The article provides a comparative analysis of fundamentals of industrial safety in the Russian
Federation and the Republic of Kazakhstan (Federal Law of July 21, 1997 No. 116-FL "On Industrial
Safety of Hazardous Production Facilities" and the Law of the Republic of Kazakhstan of April 11, 2014
No. 188-V 3PK " On civil protection "). As a result of the analysis was revealed the similarity of main
directions of ensuring industrial safety on HPFs.

However, there are differences related to division into hazard classes, licensing, as well as the
frequency of inspections of HPF. Both countries are working on optimization of control functions,
improvement of regulatory and legal regulation of industrial safety at supervised facilities, including using
a scientifically-based risk-oriented approach.

For two states, the concept of “increased risk work” is common. In the Republic of Kazakhstan, such
works, as well as in the Russian Federation, include repair work on main gas pipelines.

One of the main areas of safety providing during repair work on gas pipelines is timely technical
diagnostics.

Methods of repair work on gas pipelines. There are many methods of non-destructive testing:
acoustic, thermoelectric, radioscopic, powder, and others. Currently, widespread use of in-line diagnostics
based on ultrasound and magnetic methods [11, 12].

These methods of diagnostics have the highest sensitivity and resolution for detecting defects on main
gas pipelines, however, there are certain drawbacks inherent in ultrasonic and magnetic methods of in-line
diagnostics.

The disadvantages of ultrasonic method of in-line diagnostics are, for example, the contamination of
significant volumes of water necessary to ensure acoustic contact, and negative effects of magnetic
method such as occurrence of residual magnetization of the pipeline material after the diagnosis [13, 14].

Next step after inspection and assessment of pipeline condition on main gas pipeline linear part is
repairs, which are caused by the need to take preventive or technical measures aimed at full or partial
restoration of pipeline linear part according to design characteristics [15, 16].

Consider one of the most dangerous types of repair work, the work of increased danger - hot work.

According to [3], hot work is a technological operation performed by using open fire, resulting in
sparking and heating of pipeline to high temperatures, followed by ignition of gases, materials and
structures.

As a result, the hot works on gas pipelines must be carried out in a certain sequence and in accor-
dance with the established requirements. Violation or untimely execution of a specific type of operation
can cause incidents, accidents, and lead to fatal consequences.

Before hot work performing must be carried out some preparation, including organization of working
area, gas equipment and the linear section of main gas pipeline to ensure safe working conditions. The
main documents according to which pipeline is being prepared for hot work are work permit; plan of
organization and work; documentation describing the technical condition and reliability of technological
equipment and gas pipeline; report on diagnostic results.
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During hot works there is a high probability of accidents associated with fuel ignition and further fire
development. This is because hot work associated with the use of open fire and formation of sparks, which
flying in the form of splashes of molten metal [17]. According to official data, 30% of fires that occurred
on main pipelines are caused by a violation of safety rules [1], so it is necessary to solve the problem of
improving industrial safety in this area.

For this purpose, are proposed measures that will reduce the risk of emergencies and production and
human victims.

Measures to improve the safe of fire work on main gas pipelines. The dynamics of modern deve-
lopment of welding processes significantly depends on introduction of new high-tech automated welding
process and equipment, which will significantly improve the quality of welded joints, as well as the pace
of repairs. According to mentioned above, in order to ensure the safety of hot work on gas pipelines, the
authors of the article proposed to carry out welding work by using automatic welding with self-shielded
cored wire.

Due to the provision of a high deposition rate, the absence of the mandatory use of protective gases,
certain selected flux elements combinations, as well as the presence of alloying additives, self-shielding
wires have become increasingly prevalent during welding.

One of the installations for automatic welding with self-shielded wire is UAST-1 [18], the technical
characteristics of which are given in Table 1. The basic UAST-1 is made up of the universal welding head
GAST presented in Figure 1. GAST provides automated welding in different technologies.

Table 1 — Technical characteristics of the installation UAST-1

Diameter range of welded pipes, mm 325-1420
The speed of movement of the welding head GAST-1, mm /s 0,5-12
Wire feed speed, mm /s 16 —200
Diameter of electrode wire, mm 0,8-2,0
Torch oscillation amplitude, mm 0-20
Torch oscillation speed, mm / s 10-100
Time “delay at the edges”, with 0-1,0

housing wire reel walding wire faadar

handle for installing and

. handle for installing and
removing the head

removing the head

F
e transverss
~

control cable

connesctor oscillation mechanizm
burner haight L. .

- clip for mounting on
adjustment

- the zuide belt
marhanizm E

bturner angle chanse

walding torch .
= mechanizm

Figure 1 — GAST welding head
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It is known that automatic welding, in comparison with mechanized welding by self-shielding wire,
has very high toughness values. Moreover, automatic welding ensures good-looking seam, also it provides
high work stability, and it provides constant mechanical properties of welded joints.

As a result, the introduction of automatic welding with self-shielding wire will lead to automation of
the welding process, the possibility of increasing labor productivity at relatively low costs, as well as
obtaining high values of the viscous-plastic properties of welded joints (primarily impact toughness) [19].
In the field of industrial safety, this technology provides safer work organization of increased danger and
reduces the influence of human factor on the likelihood of accidents.

The next measure to improve industrial safety during hot work is the use of a stand that provides
control over gas pipeline state [20].

This device is a regulating and controlling system, it allows providing comprehensive and continuous
monitoring of in-line space gas content, and regulation of pressure inside the sealing devices of discon-
nected or removed for repair main gas pipeline.

Figure 2 shows the block diagram of the security control stand and presents the main elements that
are an integral part of this equipment.

S
&) = el

-
2 2

1 3 Ij 13 14 14 13 D 13 14

(HH 0 OHH O

| 10 11\ [ j =t 10 11

Figure 2 — Stand of safety control in the production of repair work on gas pipelines:
1 - stationary two-channel gas analyzer; 2 - distribution boxes; 3 - gas sensors; 4 - combined fire alarm, 5 - pressure control unit;
6 - pressure control manometer; 7 - gauge control overpressure; 8 - electronic pressure sensor with digital display;
9 - passing temporary sealing device; 10, 11 - rubber hoses; 12 - stop valves; 13 - cranes; 14 - portable compressor

The principle of security control stand operation is given below.

In the stationary gas analyzer 1, presets the required concentration of gas, for example, a 0.5% excess
of the volumetric content of CH4 provides an warning signal, and if the content of CH4 is exceeded by
1%, it reproduces an alarm signal.

The gas analyzer makes continuous monitoring of gas in-line space due to remote explosion-proof
gas content sensors 3, which must be installed in the technological openings of gas pipeline on each side
of the hot work site.

Sensor signals take analog digital forms and pass through the outputs of remote explosion-proof gas
sensors 3 to communication channels, and then to the gas analyzer 1. The main gas analyzer control unit
compares received and set values. In case of exceeding of threshold value of certain gases, a correspon-
ding signal is generated and immediately transmitted to the gas analyzer input 1. After the “light” and
“sound” alarms on the gas analyzer control unit 1, the signal goes to the siren 4, after which you can get
the necessary information about the state and situation plot of the under repair object.
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Table 2 — Form of instruction card

Instruction card
Safe methods and techniques for performing work
(indicate the name of the type of work).
Part 1. Characteristics of the equipment
Part 2. Occupational safety requirements during work
Table 2.1.1 — Harmful and dangerous production factors, and measures to reduce or eliminate the impact of these factors on the
employee.

Harmful and dangerous production factors | Measures to reduce and / or eliminate exposure

Put measures to reduce and / or
Put the name eliminate the impact of this factor on Photo
the employee.

2.2 Tools, equipment, ISD required for work

Name Picture

Put the name Photo

Part 3. The procedure and safety measures during the work
3.1. Organizational events

The content and sequence of the elements of operations (the number of employees - 3 people).

Ne Special attention during the operation
operation
Worker 1 Worker 2 | Worker 3
1 Performs function 1. Performs function 1.1
Photo
2 |

3.2. Performance of work (name of work)

The content and sequence of the elements of operations (the number of employees - 2 people).

Ne . Special attention during the operation
operation
Worker 1 Worker 2
ATTENTION!
1 During the operation 1 it is necessary ...
Photo
Performs function 1.1 Photo Performs function 1.2 Photo
Performs function 2.1 Photo Performs function 2.2 Photo
2 ATTENTION!
It is forbidden ...

3.3 Completion of work.

The content and sequence of the elements of operations (the number of employees - 3 people).

Ne Special attention during the operation
operation
Head Worker 1 Worker 2
; Performs function 1.1 Performs function 1.2
Photo Photo
5 Performs function 1.1 Performs function 1.1
Photo Photo

The use of a safety control stand during hot work, and continuous monitoring of gas pipeline
individual parameters, provides immediate notification of personnel about emergency situations. Because
of this, repairs are immediately stopped and people are evacuated from the zone with increased danger
before the causes of the alarm signal are identified and eliminated [21].

Another method of fire work safety improvement is directly related to the personnel who are
responsible for the management and conduct of high-risk work.

According to statistics on accidents and industrial injuries at oil and gas facilities, every third event
occurs as a result of erroneous personnel actions due to violations of the requirements for organizing and
repair work carrying out on main pipelines.
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These violations of the requirements arise either because of the scornful attitude of workers to
requirements of industrial safety and labor protection, or because of the lack of knowledge and skills to
perform relevant types of work.

In order to increase the awareness of workers and a more complete study of requirements for
industrial safety and labor protection, the hypothesis of using instructional cards as a type of production
instructions is put forward. The basis of these cards should be the structuring and visualization of in-
formation necessary for safe performs of high-risk work [22].

Employees, technical devices, facilities where relevant work is carried out should be systematized
into a single coherent system [23]. On this basis, it is necessary to understand that the malfunction of one
element of this system will lead to accidents or incident. This principle should be fundamental in
preparation of instruction cards [24]. The form of the card is presented in table 2.

The instructional cards provide a visual presentation and a detailed description of each work perfor-
mance, focus employees attention on key points, eliminate inaccurate definitions and operations [25],
which provide employee with the right to wrong actions choose to perform necessary types of work.

Conclusion. In this paper, was made an analysis of main stages and striking factors that can affect an
employee during hot work on main gas pipelines.

In order to improve the safety of fire work were proposed measures that include planning of orga-
nizational and technical training of personnel, as well as automatic control of technological processes as
more efficient methods of performing necessary operations.

The introduction of named above measures helps to prevent possible disasters, fires, destruction and
loss of life as a result of explosions during the implementation of repair work on gas pipelines, along with
a decrease in damaging factors that affect health of workers during the performance of these types of
work.
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'V ba MemsieKeTTiK MyHail TEXHUKANIBIK YHUBEPCUTETI, Pecei,
2KeKHJeTay TEXHUKaJIBIK HHCTUTYThI, KazakcraH,
SBapmmua xoHe Masypy yruBepcuteTi, [loabma

I'A3 K¥BbIPJIAPBIHAA
OT )K¥MBICTAPBIH KAVYIIICI3 KYPTI3Y I YUBIMJACTBIPY

AHHoTanus. 3epTTey HOTIKECIHAEe MYHal-Ta3 eHEepKaciOi 0OBEKTiNepiHiH TiK 0oJaT pe3epByapiIapblHAa OpT
TybIHJaFaH Ke37le KaHa KeOIK TY3eTiH KypamJap MEH >KaJbIHHBIH TapalyblH IIEKTEy KypaldapblH KOJIaHy TEXHO-
JIOTHSICHI KeTUmipinmi. Te3 TyTaHaThIH CYWBIKTBIKTapABl COHIIpYre Tajiay KYPri3uiui, erep OacTamkbl Ke3eHJe
OPTTI KOI0 XKYPTi3iJIMece, OpT y3aKKa CO3bUIATHIH CaThIFa aybICAThIHBIH KyaJaHAbIpaisl. Pe3epByapIiblK mapKTepaeri
OpT CaIJapbIH KO0 YIIIH OCBI Ke3eHe KOCBIMIIA KYIITEP MEH Kypajlaap KaxeT 0onaasl. OpT TapalyblHaH KOCBIMIIA
MIACCHUBTI KOPFAHBIC PETiHIE TYHipUIiKTeNTeH OaTKUTHIH KaHOAWTHIH 3aTTapAaH KacalFaH pe3epByapiapAbH KaObIp-
FaJapbl MEH INATBIpJapblHA apHAIFaH KOPFaHBIC JKAaOBIHIAPHI A3IPJICHIl JKOHE SKCIICPHUMEHTAIbl CBIHAKTaH OTKi-
3inni. COHBIMEH KaTap, 3epTXaHaNbIK jKOHE XKapThlUlai @HEpPKACINTIK JKaFaaiiap/a 1Kl )koHe CHIPTKbI JKaObIHAap b1
naiianany MyMKIHIIKTepi 3epaenerai. Tik 0onar pe3epByapiapiblH KaObIpraiapbl MEH IIAThIpJIapblHA apHAJIFaH
KOpFaHbIC kaObIHIapbl OTKA TO31MI1 KacueTrrepre ue oonaabl. Onap Tik Oonat pe3epByapiaplblH KaObIpFaiapbIHbIH
TEMIIEPaTypachlH TOMEHAETyre MyMKiHIiK Oepeni. COHbIMEH KaTap TYHWIpLIIKTENreH OajaKpIMalibl )KaHOANTHIH 3aT-
TapJaH jkacaiFaH TiK OoyiaT pe3epByapiapiblH KaObIpranapbl MEH INAaThIpJapblHA apHAIFaH YCHIHBUIBII OTBIPFaH
KopraHbIC >xaObIHIAPbl KAJBIHHBIH TapalyblH IIEKTEYre JXKOHE OJapIbl OHTAiIbl OKIIayJayblHa BIKIAN eTel,
COH/Iali-aK CTaTHKAJIBIK JIEKTP pa3psATapblHAaH OpTTEPiH TYbIHAAYBIH OO bIPMaii/IbI.

Tyiiin ce3aep: epTke Kapchl KOPFaHbIC, OPTTEH KOPFay TEXHOJOTHSCHI, MyHall eHIMIEpi, pe3epByap, >KaHFbIILI
KOCIIa, BbUTY aFbIHbl, KOOIK TYPaKTHUIBIFBI, IUIEHKA KAIBIHIBIFbI, KOOIKTIH OY3bUTYbI, T€3 TYTAHATHIH CYHBIKTHIK.
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'V puMcKuii rocy1apCTBEHHBIN HEDTAHON TEXHUYECKUH yHUBEPCUTET, Poccus
2KoxkuIeTayCcKui TEXHUYECKUH HHCTUTYT
Komutera o upessbruaitneiM cutyarmsm MBJI Pecrry6oiukun Kazaxcran, Kazaxcran
3Vuusepcurer Bapmua u Masypy, [Tonbiua

OPT'AHMU3ALINSA BE3OITACHOI'O BEAEHUS
OT'HEBBIX PABOT HA I'A30ITPOBOJAX

AHHoTanusi. B cTatbe paccMOTpeHBI BONPOCHI 0€30MaCHOTO BelleHHsI PadOT Ha MarucTpalibHBIX ra30MpOBOIAX
PecniyOnukn KazaxcraH, KoTopbie B pe3yJibTaTe MU3HOCA OCHOBHOW 4acTH TPYOONPOBOIOB M MX aKTHBHOMW IOJBEp-
KEHHOCTH KOPPO3MOHHOMY PACTPECKUBAHHUIO I0J] HAMPSDKEHHEM, TPEOYIOT BBINOIHEHUs PEMOHTHBIX paboT. Pac-
CMOTPEHBI HOBBIC NOAXOAbI K OpTaHU3alluy MPOBEACHUSA PEMOHTHBIX pa60T, CBs3aHHBIX C IPUMEHCHHUEM OTKPBITOI'O
orust. [IpoaHann3upoBaHo, YTO NPUMEHEHUE yKa3aHHBIX MEPONPHUATHH Ha MPAKTUKE O00ECHEUUT JOJDKHOE IUIAHH-
POBaHHE OPraHU3AIMOHHO-TEXHUUYCCKOW MOATOTOBKH IMEPCOHANA, a TaKke O0YCIOBUT 3(PPEeKTHBHOEC oOecreucHue
HEOOXOMMOr0O YPOBHsI OE30MACHOCTH MPOBEIECHUH OTHEBBIX paboT. CrenaH BbIBOJ O HEOOXOJUMOCTH BHEIPEHUS
MEPOIPUATHI 10 TOBBIIIEHUIO 0E30MACHOI0 BEJCHUS OTHEBBIX PA0OT HA MArHCTPAIBHBIX Ia30MPOBOAX, KOTOPhIE
MO3BOJISAT MPEIOTBPATUTh BO3MOXKHBIE KaTacTPO(Bbl, MOXKaphl, Pa3pyLICHUS U YEJIOBEUSCKHE JKEPTBBI BCIIEACTBHE
B3PBIBOB IPU OCYIIECCTBICHUH PEMOHTHBIX pabOT HA MAarUCTPAIbHBIX ra30MPOBO/IAX, & TAKIKE YMEHBIIUTD OPAKAI0-
mue (akTopbl, OKa3bIBAIOIIUE BIMSHUE HA 3JI0POBbE M COCTOSHHE PaOOTHUKOB. [loKa3zaHO, YTO BHEAPECHUE BHIIIIE-
YKa3aHHBIX MEPOIPUSATHH MO3BOJISIET MPEIOTBPATUTh BO3MOXKHBIE KaTacTpOo(bl, MOXKAPbI, pa3pyIIeHUs U YeIOoBe-
YECKHUE KEPTBbI BCIEICTBUE B3PHIBOB IPH OCYILIECTBICHUH PEMOHTHBIX pabOT Ha MarucTpajbHBIX Ia30lpOBOJAxX, a
TaK)Ke YMEHBIICHHE TOPaXKaIoIIUX (akTOpOB, OKA3bIBAIOIIUX BIIUSHUE HA 3I0POBbE U COCTOSIHUE PAOOTHHUKOB IPU
BBIIIOJIHEHUHN NJAHHBIX BHUJI0OB pa60T.

KiroueBble cjIoBa: MarkCTpaibHBIN ra30mpoBOJl, aBAPUHHOCTD, IMPOMBIIUICHHAS 0€30MacHOCTh, BHYTPUTPYO-
Hasl TMarHOCTHKA, OTHEBBIE PabOThI, CTEH] KOHTPOJsl O€30MacHOCTH, WHCTPYKTUBHBIE KapThl, MOXAapbl, B3PHIBBI,
M3HOC TpyO, KOppo3usl.
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