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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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DETERMINATION OF NATURAL GAS LOSS VALUES BASED
ON PHYSICAL SIMULATION OF LEAKAGES FROM THE PIPELINE
TO THE MEDIA WITH SUPERATMOSPHERIC PRESSURE USING
A VOLUMETRIC-TYPE EXPANDER

Abstract. The operating practice of gas transmission system reflects that one of the major concerns of pipeline
companies is through fault, wherethrough considerable amount of gas is lost triggering gas pipeline accidents
followed by fires, explosions, and hazardous substances emissions to the environment, which may cause human
losses. The gas leak volume depends on varied parameters, particularly the parameters of the defect itself, the opera-
ting mode and the ambient medium.

The purpose of the study was to improve methods for determining the natural gas leakage value from pipelines
to the media with superatmospheric pressure.

Software-based methods determining the location and gas leak volume enable to keep continuous control and
estimate the target values in real time. However, their accuracy depends largely on the equations simplification de-
gree comprised in the used mathematical model. One of the most significant stages in the development of any model
is its adaptation based on experimental data.

For obtaining experimental findings, a test installation was exploited, which provides an opportunity to simulate
gas leaks from the pipeline under non-steady-state conditions, and define their value by means of a volumetric
expander. Based on it, full factorial experiments for two pressure ranges were carried out with subsequent regression
analysis of the results and obtaining dependencies of leakage values on pressures at the leak point inside the gas
pipeline and in the medium outside of it. Dependencies can be applied to determine the gas leak volume under non-
steady-state conditions.

Keywords: leakage, natural gas, gas loss, leak volume, gas pipeline, experimental studies, volumetric-type
expander.

Introduction. In order to ensure efficient and safe operation of main gas pipelines, solving timely
detection tasks, leakage elimination and determining the natural gas loss value are essential [1].

The most complicated case is the leakage from the buried gas pipelines, since the gas filtration is in
the soil, its distribution from the leak point and concentration in the subsurface voids are determined by a
great number of factors [2, 3].

Damages to buried gas pipeline occur for the following reasons: physical impact while excavating
due to the deviation from safety rules and operational procedures; corrosion damage of metal pipes as a
result of violations and/or inadequate control of the technical state during the construction process; joints
rupture and stitches opening of pipelines due to the poor construction and installation works [2, 4].

The consequences of natural gas leakage, apart from its loss, are meant to be: structural damage;
injuries and human losses due to burning or explosion of the gas-air mixture; financial and economic
expenses as a result of gas shortfall to consumers and penalty provisions [5, 6].

At present leakage detection methods can be divided into several types: traditional, hardware and
software.
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Traditional methods include visual inspection of pipelines.

The hardware examples may include methods fundamentally applying visual, fiber-optic and acoustic
devices, samplers, videothermovision survey, wave of pressure detectors and others. However, due to the
long mileage of main gas pipelines, the severe climatic conditions and the inaccessibility of substantial
amount of linear parts, using most of the described technical facilities seems to be incredibly challenging
[7-10].

Software methods enable to keep continuous control, determine the leakage location as well as gas
loss values from the pipeline in real time. They are expected to use systems analyzing the deviation ob-
tained from SCADA pumping parameter systems from the calculations collected by preliminary
mathematical modeling of gas flow through the pipeline with the use of statistical data [5, 11-13].

The determination accuracy of the location and gas loss values depends on the equations simplifi-
cation degree applied in the model. The most popular algorithmic methods use simplified gas motion
equations in their composition, which enables to increase the speed of their computational solution,
although adversely affects the computational accuracy, especially under non-steady-state conditions.
Applying dynamic models, which use general gas motion equations in the pipeline and its filtration during
propagation in the soil, can improve the computational accuracy of the leak point and the gas loss volume
[7, 14].

However, one of the most important stages in the development of any mathematical model is its
adaptation based on experimental data. The given article represents the empirical data to adapt the existing
dependencies and models for determining the natural gas leak volume to the media with superatmospheric
pressure.

Applied research methods. In obtaining experimental data, a test installation was used, which
enables to simulate gas leakage from the pipeline with non-steady-state mode to the medium with
superatmospheric pressure, and determine their value by means of volumetric expander [15]. On the basis
of the installation, full factorial experiments were conducted for two pressure ranges of inside and outside
the pipeline.

Data collection, visualization, and export were carried out on the basis of the SCADA Trace Mode
software, data conversion was conducted with Matlab R2017a, regression analysis was performed by
means of MS Excel.

Further conversion of collected dependencies was performed on the basis of the computerized algebra
software Wolfram Mathematica 10.0.

Body. In general, the gas filtration model in soil consists of the equations: continuity, filtration under
Darcy’s law and the state equation and has the following form [16-19]:

a -
a(pisimi) + div(p;v;) = q;

- k -
v = _;ﬁ(s)[gradpi - pigl
F(P,T,p)

The simultaneous equation outlined above is non-linear and difficult to solve; therefore, a simplified
linear theory is used to describe the problems of one-dimensional filtration.

The most popular methods for determining the natural gas leak volume are algorithmic [6, 20, 21]
based on the law of mass or volume conservation (¥, = @) and the formula for pressure variation along
the length of the pipeline (figure 1), which is exemplified by solving the following simultaneous equations
[20]:

0,01 d\"* Q;
2=p2—1,11-1073(—=+29-1072—] 2
bs P1 ’ <d + 2 Qy) d> [

v, =1090" f - p,

where p; and p, — are, respectively, the absolute gas pressure at the beginning of the pipeline section and
at the leak point, MPa; d - is an inner pipeline diameter, cm; @, — is a commercial gas rate flowing to the
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leak point, nm’/hr; l4 — is a length of the pipeline from the section beginning to the leak point, m; f —is a
damage port-hole area, cm?; 1090 — is a numerical coefficient considering the reduction of existing values,

sound velocity in the medium and the coefficient of irregularity in the gas velocity distribution through the
cross-section of the port-hole [20].

No gas consumption

P? absol, PZ absol
1 1 - F 4
S A ARARRC AL
N
9 | Calculated consumption
\\\ | Iy
Emergency mode
Pf absol. | ‘ ‘ Emergency mode.
TR - No consumtion
Hh“"ﬂ-:::: ::::: Emergency mode.
Hp y d = cons/t T ==~ . With consumption
I & \\\ fault location
lp

Figure 1 — Pressure variation along the length of the pipeline in the event of an accident [20]

The purpose of the work was to obtain dependencies of the gas loss values from the pressure at the
leak point inside the pipeline and in the medium outside of it. Experimental data were obtained on the
basis of the installation which has an adjustable volumetric-type expander inward (figure 2) [15].

i

]

Figure 2 — Test installation

Figure 3 represents the complete diagram of the multifunctional test installation, including the
elements that are out of use during the experimental procedure for this performance.
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Figure 3 — Test installation diagram

The installation operates in the following manner. After compression by the volume compressor, air
gets into pressure regulator 1 and filter separator 2. Nextly, temperature and pressure value measurement
is performed by sensors 3 and 4, afterwards the gas flow is divided into two parts proportionally to the rate
of opening of the electric control valve 9. One part passes through the volumetric expander 6, which has a
contactless frequency sensor 7 fixed on it. The other, respectively, goes through the control valve 9. After
the previously separated flows are linked by sensors 10 and 11, pressure and temperature of blended gas
stream are measured, further it passes through the receiver 12, and its pressure and temperature are
measured once again by sensors 13 and 14. Then, when the tap valve is closed 16, gas is released to the
atmosphere by the tap valve 15.

Modeling (maintenance of) a certain pressure in the medium outside the pipeline is in the following
way. A signal from pressure sensor 10 is set up to the inlet of the proportional-integral differential control-
ler (PI controller) 23. Depending on the pressure deviation rate for the expander from the programmed
constraint, the PI controller 23 sends a guiding signal on the rate of opening of the control valve 9 to its
electric driver.

The pressure and temperature transducer readings, frequency sensor 7 and the signal of the rate of
opening of the control valve 9 collected by the input module 21 are transmitted via the interface converter
24 to the personal computer 25, where the obtained data are visualized by means of SCADA Trace Mode
and exported for further processing. The data collected using SCADA Trace Mode, due to their sizable
volume, are exported to TXT or XML file, and then processed using MATLAB R2017a.

Full two-factor experiments were carried out for three-level factors taking into account the effect of
their interactions for two pressure ranges (table). Since natural gas in the filtration conditions is under
pressure not exceeding 100 kPag [16], the pressure range in the medium beyond the pipeline p, was
chosen from 45 to 125 kPag. The pressure range at the leak point inside the pipeline p; is based on the
engineering constraints of the installation.

Experiment Factor Levels

The factor levels on a natural scale
Factor

1 2
300 400
p1, kPag 350 450
400 500

45 85
D2, kPag 65 105
85 125

Results. The results of the conducting and processing the obtained data have become dependencies of
the expander rotor speed on pressures inside and outside of the pipeline at the leak point w’(p4, p;), on the
basis of which, target dependencies of the gas loss values were obtained by applying the predeveloped
method of calculating basic parameters of the volumetric expansion machine [22, 23], V(p,p2), the
visualization of which is represented in figures 4, 5.
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Figure 4 — Dependency visualization of the reduced volume of hourly leakage on pressures
at the leak point from the pipeline and in the external medium for the first pressure range
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Figure 5 — Dependency visualization of the reduced volume of the hourly leakage on the pressure
at the leak point from the pipeline and in the external medium for the second pressure range

The abovementioned dependencies can be used to determine the leakage value under unsteady-state
conditions for a certain time t in accordance with the following equation

ty
Vi = f V(pi pp)dt
ty
where p! and p} — are, respectively, the functions of pressure variation inside the pipeline and in the gas
filtration medium with time t; t; and t, — are, respectively, the time points of the beginning and end
measurement.
For instance, for the first pressure range (see above) when the pressure variation at the leak point
inside the pipeline, according to the following law

t e Zﬂ't)) . tq
Pi= (1 sin (8760 Py
where pfl — is a pressure at zero time t; equals to 350 kPag, with constant outlet pressure at the level of

65 kPag in an hour the leakage value will be 102.125 nm’. With pfl = 450 kPag and p, = 105 kPag
for the second pressure range is 135.578 nm’.

Conclusion. By means of the test installation, simulating gas leaks from the pipeline to the media
with superatmospheric pressure was carried out. Based on the experimental findings, the dependencies of
the leakage value on the pressure at leak point inside the pipeline and in the medium outside of it for two
ranges were obtained. Dependencies can be applied to determine the gas leak volume under non-steady-
state conditions.
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A.T. Bakemesa', T. H. I/lpmﬁaeBl,A. E. Benoycon2

1K. U. CorbaeB atsiHaarsl Kazak YITTHIK TEXHUKAIBIK 3epTTEY YHHBEPCHUTETI,
Anmarsl, Kazakcras,
*Canxr-Tletepbypr Tay-Kken yuusepcureri, Cankt-Ilerepypr, Peceit

KOJEMJIK TYPAEI'T IETAHJAEPII TAVJIAJTAHA OTBIPBIII,
ATMOC®EPAJIBIK KbICBIMHAH KOFAPBI OPTAFA K¥YBbBIPOTKI3I'IIUTIH IIbIFbIHBIH
OU3UKAJBIK MOJAEJBAEY HETI3IHAE TABUFU I'A3JbIH KOFAJY
INAMAJIAPBIH AHBIKTAY

Annotanusi. ['a3 taceIManjay JKyHeciHiH HbICaHJapblH NalijanaHy ToKipuOeci KepceTKeHneH, ras3 Komra-
HUSUTAPBIHBIH 0acThl MpoOJIeMaNapblHEIH Oipi Ta3[plH eldyip KeJeMiH OTIeNi aKaylap apKbUIBI JKOFaNTy OOJBIT
TabbuIaIBl, Oy OpT, KaphUIbIC KOHE KOpIIAFaH OopTara 3WsHIBI 3aTTapiblH IIbIFApBUIYbIHA AJBII KEJICTIH ra3 Ky-
OBIpIapbIHOAFEl aBapUsUIAPFA OKEN COFambl, OYN amamM KypOaHIBIFBIHA OKENMyl MYMKiH. ['a3ibIH IIBIFBIH KeleMi
OpTYpIIi MapaMeTpIiepre, atan alTKaH/Aa aKayIblH ©3iHIH mapaMeTpiiepine, naiianany pekuMi MeH KOpIIaraH opTara
GalIaHBICTHI.

JKyMbICTBIH MaKcaThl aTMOCc(epalbIK KbIChHIMAapIaH XKOFapbl oOpTara TAOUFHU Ta3/iblH KYOBIPOTKI3TIIITEH IIBIFY
IIIAMACBIH aHBIKTAWTBIH 9IiCTEP/Ii KETUIAIPY OOJIIBL.

I'a3 1IBIFBIHBIHBIH KOJIEMi MEH OpHBIH aHBIKTayJbIH OariapiaMaliblK Tociiepl y3aikci3 Oakpliay »Kyprisyre
JKOHE HAKTHI YaKBITTa 13/ICTIHETIH MOHJIEP/Il €CeNTeyre MYMKIHIIK Oepei. Anaiina, oJapabIH JOJIIr KOl jKaFnaiina
KOJIZIaHBUIATHIH MaTEMaTHUKaJIBIK MOJEJB/IH KypaMmblHa KipeTiH TEeHAEYyJep/i OHaiiary aspexeciHe OaillaHBICTBI.
Kanmaii ma 6ip Moenbi 93ipaeyaiH MaHbI3IbI Ke3CHACPiHiH Oipi OHBIH IKCIEPUMEHTTIK JCPEKTEp HEeri3iHae Oerim-
Jiey OOJBIT TaObLIAIEL.

ToxipuOenik nepeKTepi amy YIIiH CTAI[MOHApJIBIK eMec KaFmaiinapaa KyOBIPOTKI3TIIITEH Ta3[qblH IIBIFYbIH
MOJIENIEYTe, COHai-aK KOJIeM/i eTaHAepAiH KoMETIMEH OJIapAbIH IIaMachlH aHBIKTayFa MYMKIHIIK OepeTiH JKCIIe-
PUMEHTTIK KOHIBIPFbI KOJAaHbUIAbI. COHBIH HETi3iH/e €Ki KbICHIM IHAlla30Hbl YIIIH TOJBIK (haKTOPIBIK IKCIEPH-
MEHTTEp JXYPri3iii, KeHiH olapablH HOTIKEIEPiH perpecCrsiIbIK TAIay XKoHE ra3 KYOBIPBIHBIH IIIiHAE XKOHE OHBIH
CBIPTHIHJIAFBI OpTara IIBIFY OPHBIHIA IIBIFBIH IIaMachIHBIH KBICBIMAAPAAH TOyelnuTiriH amy. bym Toyenmimik cra-
LMOHAPJIBIK EMEC JKaFAaiiiap/a ra3/ibIH HIBIFBIH KOJIEMIH aHbIKTAy YIIIH KOJJIaHBUTYbl MYMKIH.

Tyiiin ce3mep: UIBIFbIH, TAOUFU Ta3, ra3 XKOFANTY, INBIFBIH KOJIEMi, Ta3 KYOBIPbI, TOKIPHOCTIK 3epTTEyIIep,
KeJIEMJIIK TypJeri AeTaHaep.

A. T. Bakemesa', T. H. Hpru6aes’, A. E. Ee.noycm;2

'Kasaxckuii HaLMOHATBHBIN HCCIIE0BATENBCKHIT TeXHIHUecknil yauBepenter uM. K. U. CaTnaesa,
Anmarter, Kazaxcran,
2CaHKT—HeTep6ypr01<1/H”4 ropublil yauBepcuteT, Cankt-IlerepOypr, Poccus

ONPEJEJEHME BEJINYMH MOTEPHb TIPUPOJHOI'O I'A3A
HA OCHOBE ®U3NYECKOI'O MOJEJIMPOBAHUSA YTEYEK N3 TPYBOIIPOBOJA
B CPEJbI C JABJIEHUSIMHU BBILNE ATMOC®EPHOTI'O
C UCNTOJb30BAHUEM JETAHJAEPA OFBEMHOI'O TUIIA

AnHoranus. [IpakTuka SKcIuryataiiui 0OBEKTOB Ta30TPAHCIIOPTHONW CHCTEMBI MTOKA3bIBAET, YTO OJHOW U3
TJIABHBIX TPOOJIEM Ta30BBIX KOMIIAHWUHU SIBIIAIOTS CKBO3HBIC NE(PEKTHI, Yepe3 KOTOPHIC TEPSIOTCS 3HAYUTEIHHBIC
00BEMEBI Ta3a, 9TO MPUBOIUT K aBapPHsIM HA Ta30IPOBOAAX, COMPOBOXKIAOIINECS MTOKapaMH, B3pbIBAMU U BRIOpOCAMU
BPEIHBIX BEIIECTB B OKPYXKAIOIIYIO CPEIy, YTO MOXKET MPUBECTH K UYEIIOBEUSCKUM kepTBaM. O0bEeM yTeukd rasza
3aBHCUT OT Pa3IMYHBIX MapaMEeTPOB, B YACTHOCTH MapaMETPOB CaMOro JedeKTa, peXnMa 3KCIUTyaTallud U OKPY-
JKaroUlel cpenbl.

Iempio paboTHl OBUIO COBEPIIEHCTBOBAHME METOJOB OIPENEICHUS BEIWYHHBI yTEYeK MPUPOJHOTO Tasza W3
TpyOOIIPOBOIOB B CPEAbI C NABJICHUSMH BhILIIE aTMOC(HEPHOTO.

[IporpaMMHBIE CIIOCOOBI OMPENCICHUS MECTOIOJOXKECHUS U 00bEMa yTEUYKH Ta3a MO3BOJIIOT BECTH HEIpe-
prBHbIﬁ KOHTpOJ'II) n B peaHbHOM BpeMeHI/I paCC’-II/ITbIBaTL NCKOMBIC 3HAYCHUA. OI[HaKO, X TOYHOCTH BO MHOI'OM
3aBUCHUT OT CTEIICHU YIPOIICHUS YPAaBHEHUH, BXOJSIINX B COCTaB UCMOJIb3yeMOl MareMaTtudeckoil mojenu. O1HuM
W3 BOKHCHIUX 3TaloB pa3padOTKH KaKOW-THOO MOJCNU SBISCTCA € ajanTaius Ha OCHOBE 3KCIIEPHUMEHTAIBHBIX
JaHHBIX.
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Jlnst osyueHnst ONBITHBIX JAHHBIX ObUIA HCIIOJIB30BaHA SKCIEPUMEHTAIbHAS YCTAHOBKA, KOTOPAsl MO3BOJISET
MOJIETIMPOBAaTh yTEUKU Ta3za U3 TPyOONpOBOJa B HECTAIIMOHAPHBIX YCIOBHUSX, a TAKXKE ONPENENATh UX BEIUIHHY C
nomomplo 00bEMHOTO Aetanzaepa. Ha e€ ocHoBe ObUIM MPOBEAEHBI MOJHBIE (PAKTOPHBIE HKCIIEPUMEHTHI AJISI ABYX
JMaIa30HOB JABJICHUH C MOCIEAYIOIUM PErPECCHOHHBIM aHAIN30M UX PE3yJIbTAaTOB M IOIyYCHHEM 3aBUCHMOCTEN
BEJIMYMHBI YTEUEK OT JAaBJICHUI B MECTe YTCUKH BHYTPH I'a30IIPOBOJA U B CPEIE€ CHAPYKU HETr0. 3aBUCHMOCTH MOTYT
OBITh IPUMEHEHBI 71 OlpeieNieHNs 0O0bEMOB yTEeUeK ra3a B HECTAllMOHAPHBIX YCIOBHSX.

KnroueBble cjioBa: yTeuka, MIPUPOAHBIN ra3, MOTEPU ra3za, 00BEM yTEUKH, ra3oMnpoBOJ, SKCIIEPUMEHTAIbHbIC
HCCIIEOBaHMS, IETaHIep OOBEMHOTO THIIA.
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