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LEAKAGE ENTENSITY FROM PIPELINES TRANSPORTING
OIL AND GAS USING DRAG REDUCING ADDITIVES

BBeneHve

KnioueBbiIM  MOMeEHTOM 6e30MacHOCTH
HedTeNPOMBICNOBBLIX TPYyOONPOBOAOB ABNAETCA
onpegeneHne WHTEHCUBHOCTU aBapUiHbIX WC-
TeyeHun HedpTU 1 rasa.

Lienu v 3apaumn

OnpepgeneHve napaMeTpoB UCTEYEHUS
HedTU u rasa u3 TpyboONpoBOAOB C COBMECT-
HbIM TedeHnem HeddTu 1 rasa.

MeTonbl

MeToq OCHOBaH Ha peLueHUn ypaBHEHWN
OBUXEHUS] ra30XMOKOCTHbIX CMecell B OfHO-
MEpPHOM NpUBANXEHUN.

PesynbTaThl

MpumeHeHne NPOTUBOTYPOYNEHTHbIX
NpuUcagoK MPUBOAUT K YMEHBLUEHWIO WHTEH-
cnBHocTM uctedeHnss XC uepe3z manbie ge-
deKkTHble OTBEpPCTUSS B HedTENpPOMBbICIOBbIX
Tpybonpoeoaax.

3aknoueHune

PaspaboTaH MeTon pacyeTa WMHTEHCMB-
HocTu ucteveHuss XKC u3 TpybonpoBoaoB npu
MCMNosb30BaHUN NPOTUBOTYPOYNEHTHBLIX npuca-
[OK.

Background
The main factor affecting oil field pipe-

lines safety is determination of leakage intensity
from ruptured pipeline.

Aims and Objectives

Simulation of oil and gas leakage from
multiphase oil field pipelines.

Methods

Method based on simulation of hydrody-
namics equations of multiphase flow in one-
dimensional approximation.

Results

The presence of drag reducing effect on
oil and gas leakage intensity decrease from
small aperture in multiphase oil field pipelines.

Conclusion

The method of gas liquid mixtures leak-
age simulation from small aperture in pipeline
using drag reducing agents is developed.
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KnioueBble cnosa: Tpybonposoa, raso-
XWUOKOCTHas cMecb, AedekTHoe oTBepcTue,
WHTEHCMBHOCTb UCTEYEHUsi, MNPOTUBOTYpPOY-
NEeHTHble npucaaku

Key words: multiphase oil field pipeline,
small aperture, leakage intensity, drag reducing
additives

Mpu pasrepmeTnsauum TpyGONPOBOAOB,
TPaHCNOPTUPYIOLLMX Ta30XUOKOCTHbIE CMEeCH
(FXKC), obliee KonMYecTBO BbITEKLLUUX HEDTU U
rasa ckragpiBaeTcs M3 [BYyX COCTaBMSAWOLMX -
[10 1 NOCre 3aKpbITWSA 3aNOpPHbIX 35IEMEHTOB.

B HacToAwen crtatbe paccmaTpuBaeTcs
ucteyeHne HedTM u rasa yepes AedeKTHoe
oTBepcTMe B TpybonpoBoAe [0 MOMEHTa
3aKpbITUSI 3aMOPHbIX 3/IEMEHTOB.

Ona  pacyeta  ruapoaMHaMU4eCKUX
napameTpoB npouecca nucTeyeHns
ra3oXmaKOCTHOW CMEeCU Ha YCTaHOBMBLUEMCS
pexume MOXHO ucnonb3oBatb 6onbluoe
KONMMYeCTBO  METOAMK  OTEYECTBEHHbIX MU
3apybexHbix aBTopoB [1-5].

Ona oOueHKM yOenbHOro MaccoBOrO
pacxoga XC 6ygem ucnonb3oBatb opmyny
[3], umetoLLyto HaMBOMbLLIYIO TOYHOCTD!

During depressurization of pipelines
transporting gas-liquid mixtures (GLM), the total
amount of leaked oil and gas consists of two
components - before and after closing of the
closures.

This article deals with oil and gas leakage
through a defective hole in the pipeline until the
closing moment of the closure elements.

To calculate the hydrodynamic parame-
ters of the process of gas-liquid mixture leakage
in the steady state, you can use a large number
of methods of domestic and foreign authors
[1-5].

To estimate the specific mass flow rate of
the GLM, we will use the formula [3], which has
the largest accuracy:

2p,o;

rae
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roe where
4 =Cp /C ;
x,(Cc,-C,)
n=1+ ;
xC, +(1-x,)C
v 1 p
-1
1-x,
pm2 = 1 +
v pll .
pgly ’
1
— 7.
ng - pglyc ’
G, - ypenbHblit MaccoBblit pacxog MKC G, - specific mass flow rate of the GLM

lg
yepe3s fecheKkTHoe oTBEpCTUE, KI/(M*-C);

X1 - MaccoBas oons rasa;

p2 - AaBneHune okpyxatoLen cpeasbl, Ma;
p1 - AaBneHue rasa B Tpybonposoge, Ma;
Y -noka3aTenb aauabartbl rasa;

I’g | - OTHOCTE rasa B TpyGonposoae npu

haBneHuun pl, KF/M3;

I',, - NNOTHOCTE XuaKoCTM B TpyGonposoae

npuv gaBneHnn pl, KF/MS;

Cp, C, - cootsetcTBeHHO TennoemkocTy

rasa npu noCTOAHHOM OaBfIEHWUM U NOCTOSTHHOM
obbeme, Ox/kr-K.

MaccoBbii pacxon cMecu 4epe3 fge-
dekTHOe oTBepcTMe onpepensieTcs no opmy-
ne

mleak = ,Ll 'Glg ’

roe M - koahdMUMEHT ncTeueHna (Ana Kpyr-

J10ro 0oTBEpPCTUA peKomMeHOyeTCA 3Ha4deHue

m= 0,85);

dIeak - QnameTp AedeKTHOro oTBepcTus,

lg
through the defective hole, kg / (m*-s);

X1 - mass fraction of gas;

p2 - ambient pressure, Pa;

p1 - gas pressure in the pipeline, Pa;

Y - gas adiabat index;

I’gl - gas density in the pipeline at a pres-

sure pl, kg/ m3;
r|1 - density of the fluid in the pipeline at a

pressure, kg / m>;
C o’ CV - respectively, the heat capacity of

the gas at constant pressure and constant vol-
ume, J / kg-K.

The mass flow rate of the mixture through
the defective hole is determined by the formula

7Z'd 2
—L'fak , @)

where M is the discharge coefficient

(m= 0,85 a value is recommended for a

round hole);

dIeak - diameter of defective hole, m.
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Ona  onpegeneHus WHTEHCUBHOCTU
ucredeHuss HedTM UM rasa B paboTarollem
TpybonpoBoge  Heobxoaumo  onpepenvTb
JaBneHve B MecTe [pedekTHOro OoTBepCTUs.
Ona atoro HeobxoguMm pacyeT  noTepb
JaBneHvsa o v nocne gedekTHoro oTBEpPCTUS.
PaccmoTpym  Haubonee  obwuin  cniyyanm,
BKIOYaOLWMIA NnpUMeEHeHne
NPOTMBOTYPOYNEHTHON npucagku (1T
CYCMNEeH3MOHHOM dopmbl. Bcnepcteue
HebOomnbLION  MPOTSXXEHHOCTU  MPOMbICIIOBbIX
Tpyb6onpoBoAoB, cycrneHanoHHasa copma MTMN
He ycrneBaeT B HUX MOSIHOCTbI PacTBOPUTLCS.
MosToMy npu aHanuse rUApaBANYECKON
3hPEKTMBHOCTN cycneH3noHHon ¢opmbl MTT1
B MHOroasHbIX NPOMbICIIOBbIX Tpy6onpoBoaax
Henb3a npeHebperatb HavasrbHbIM Y4YaCTKOM

pacTBOpeHUs cycrneH3unoHHon dopmbl  T1TT.
Haubonee npocTtomn MoZenblo, He
NPUHNMAIOWENA BO BHUMaHUE BHYTPEHHIOK
CTPYKTYpY ra30XunaKoCTHOro TeyeHus,

aBnsetcsa mopenb Jlokkapta-MaptuHennu [6].
Ina 6onee agekBaTHOro aHanusa Heo6xo0AMMO
pacCMOTpPEHNE HanMyne KOHKPETHOro pexuma
TeyeHus XC C UCnonb30BaHNeEM
MeXaHNCTUYECKUX Moaenen.

3anuwem ypaBHeHUus OBUXeHus
ra3oXngKocTHOM CMeCu B T[OPU3OHTAsIbHOM
TpybonpoBoae Ha oCHOBE MOAM(ULNPOBAHHON
mopenu Jlokkapta-MapTuHennu, npuBegeHHoM
B pabote Yncxonma [7] c y4eTOoM pacTBOpeHus
cycrneHanoHHon ¢opmbel MNTIT 1 pgectpykuum
pacTBOpMBLUMXCA NOnMMepoB [8] Ha yyacTke oT
Hayana TpybonpoBofa 0O MeCTa yTeukm

To determine the intensity of the flow of
oil and gas in a working pipeline, it is necessary
to determine the pressure at the location of the
defective hole. This requires the calculation of
pressure loss before and after the defective
hole. Let’'s consider the most common case, in-
cluding the use of drag reducing additives
(DRA) suspension form. Due to the small length
of the field pipelines, the suspension form of
DRA does not have time to be completely dis-
solved in them. Therefore, when analyzing the
hydraulic efficiency of the suspension form of
DRA in multiphase field pipelines, the initial
stage of dissolution of the suspension form of
DRA cannot be neglected. The most simple
model, not taking into account the internal struc-
ture of the gas-liquid flow, is the Lockhart-
Martinelli model [6]. For a more adequate anal-
ysis, it is necessary to consider the presence of
a specific flow pattern of the GLM using mecha-
nistic models.

Let us write the equations of motion of a
gas-liquid mixture in a horizontal pipeline based
on the modified Lockhart-Martinelli model given
in Chisholm paper [7] taking into account the
dissolution of the suspension form of DRA and
destruction of dissolved polymers [8] in the sec-
tion from the beginning of the pipeline to the
leak

dd%z—Zfdra R/'I)'Zd ur|1+ 202 —+ f L ~ |’ ()
f.0U, araPM,
flpluf flplulz
3—5:—2fdra%u§ 1+ 202 —+ f 1 - (6)
f..ou, araPH,
L flpluf flplulz |
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2
de — *1M 2 fdra u3 (7)
X Y2 2
log(Re, 17")-log e
2 , ®)
b [l o)
3 {_4[“3’2—(4 0+2 s/"z“cl/z) L } \ g
2 2In10f,
de __dC, ©)
dt dt
dC J
s =3 °—C° (10)
dt R.P,

AHanornyHole ypaBHeHUSA MOXHO Similar equations can be written for the
3anucatb Afs yyacTka OT MecTa YTeuyku o section from the leak to the end of the
KoHLUa TpybonpoBopaa: pipeline:

d 20 1
=2, 1 —+ | (1)
X RT fdrapzuj Lfdra'OZqu
- 5 2
flpluf flplul
d 20 1
d_p— = ’;2u 1+ e | (12)
X 2
fdrapzuz ( drapZUZZJ
flpluf f1 Yy
dM £ Y
W= —acM?| = |yl (13)
X 2
log(Re, 1:4")log o
: (14)
[l ottt
3 {——fdrs/z —(4,0+ m'\glg c?) L } L ¢ X
M 2In10f,,
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d_C — dCs , (15)
dt dt
dC
s - _ ; J—C 2/3] (16)
dt “ Rp, °

roe fdra - KOO(MDULMEHT TPEHUSI MPU TEYEHUN

where fdra is the coefficient of friction during

XNAKOCTH no NoJsIHOMY CeYeHmio, the flow of fluid over the full cross section, satis-
yooBneTsopsdaeT ypaBHeHuto Bupka [9] fies the Virk equation [9]
~12 12 v2\"
f 5= (4, 0+ A) -log(Re-f, “)-0,4-A-log ((Re- f ) j (17)
. xﬁ-v*-D . \i@-V*'D
roe (Re'fﬂz) =—; where (Re~f”2) = —7Fr
VvV VvV
S S
1/2 1/2
A=wN¥?| S| A=o NP2 | .
MW MW
N -crenenb nonvmepusauuu; N - degree of polymerization;
MW - CpefHEeBEecoBOW MOMNEKYNAPHbIN M - average molecular weight of the

BEC Nnoimmepa;
@=70-10"° - yncneHHbIit NnapameTp;
C - KOHUEHTpaLns pacTBOPEHHOro Momnu-
Mepa, ppm;
CS - KOHLEHTpaLma nonumepa B CyCreH-

31OHHOW hopme, ppm;

- Kputnyeckada pguHamMun4ye-

b |E(\‘*

CKaA CKOPOCTb,

*
TW - KpUTn4yeckoe KacatelibHoe Hanpaxe-

Hue;
D - anametp Tpy6bi;
O - NNOTHOCTb HedTw,
V - KuMHemaTtu4yeckasa BA3KOCTb XWUOKO-
cTu;
Cso - HavanbHas KOHLEeHTpauusa TBep-

non dasbl nonMmepa, ppm (MnH'1);

w
polymer;

@=70-10"° - numerical parameter;

C - concentration of the dissolved poly-
mer, ppm;

CS - polymer concentration in suspen-

sion form, ppm;

*

N T
V' = ,|—% - critical dynamic speed:;

o,

*

T - critical shear stress;

w
D - pipe diameter;
P - oil density;

V - kinematic viscosity of the fluid;

Cso - the initial concentration of the solid

phase of the polymer, ppm;
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Ro - HavanbHbIN paguyc TBeEpAbIX Mo-

JIMMEpPHbIX YacTul, M;

J . WHTEHCUBHOCTb PacTBOPEHMSA TBEp-
00N NONIMMEPHON YacTuLbl, KF/M2C;

ps - MJIOTHOCTb TBEepAbIX MOJINMEPHbIX

yacTuu, Kr/m>.
KacatenobHoe  HanpsxeHue
nposiBneHus acdekra Tomca

Ha4ana

Ro - the initial radius of the solid polymer

particles, m;

J . the rate of dissolution of the solid
polymer particles, kg / m?s;

P - density of solid polymer particles,

kg/ms.
Tangential stress of the onset of the
Toms effect

_ -n
Z-w,onset _‘(%'RG , 2<Nn <3,

12

roe RG ~aN - paguyc rpauum Monekyn

nonumepa;
.QT - napameTp, 3aBUCALMIA OT BUAOB

rnonmmepa u pacTBOpUTENS;
d - napametp, onpefensiowmuini KUHETUKY
JAerpagauuv nonmmMepHomn o6aBkuy;

4m, U 4m,

u, = - COOTBEeT-

7D py 7D p,
CTBEHHO CKOPOCTU MO MOMTHOMY CEYEHMUI0 raso-
BOMW N Xungkown dasbl;

ml, m , - COOTBETCTBEHHO pacxofipl raso-

BOW N xungkoun ¢as;

p, = L, p, =CONSt - nnotHocTk

RT

rasoBow 1 Xupkomn gas;

Re - uncno PeitHonbaca xuakoit asbl
Mo NOJTHOMY CEYEHMUIO;

R - ra3oBad NoCToAHHadA;

T -temnepartypa.

Cuctema anddepeHumnanbHbIX
ypaBHeHun (5) - (16) pewaetca co
cneayowuMy rpaHUYHbIMU YCNOBUSIMU:

MpuXx =0

where RG ~aN v is the radius of gyration
of polymer molecules;
“Qr - parameter depending on the types

of polymer and solvent;
ad - a parameter that determines the ki-
netics of degradation of the polymer additive;

4m, 4m,
u, =—2,U2 =— - accord-
7D py 7D p,
ing to the speed over the full cross section of
the gas and liquid phase;

ml,mz - respectively, the expenditures

of gas and liquid phases;

p, = L, p, = CONSt - density of

RT
the gas and liquid phases;
Re - Reynolds number of the liquid
phase over the total cross section;
R - gas constant;

T -temperature.

The system of differential equations (5) -
(16) is solved with the following boundary condi-
tions:

Atx =0

p = pO’ P= p10’|v|w = I\/IWO’ fdra = fdraO’Cs :Cso’ C :CO = 0’

ml = mlO’ m2 = m20'
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Mpn X =X

leak

p = pleak’ p= plO’ IVIW = Mwleak’
m1=m10—m m =m20—m

lleak’ 2

lMpumep onpegerneHns UHTEHCUBHOCTYU
ucredenns [ XC u3 He@drernpombiCrioBoro
TpybOrpoBoga Co CrnepywoLlyMn reoMmeTpuyec-
KAMMW 1 PEXUMHbBIMW NapameTpamu:

o navametp Tpy6onposoga D = 0,2 m;
o anuna Tpy6onpoeoga L =13000 m;
o paBneHve B KoHUe  TpybonpoBopaa

pexit =1,5 MMNa;
o [aBneHue oKpyxXatoLiei cpenpl

p,=0,1Mna;

o TemnepaTypa cmecu To =293 K (20 °C);
O MOSMIEKYNApHbI ~ BEC  MOMyTHOro  rasa

mg =16 Kr/Kmonb;

o rasosas NMOCTOAHHAaA rasa
= E = @ = 519,6 Ox/krK;
9 m, 16

o TEMfoeMKOCTb ras3a npu  MOCTOSAHHOM
pasnenun C . =2191 Ox/kr-K;

o nokasaTenb aguabatbl rasa J =1,4;
o TennoemMKocTb rasa Mpu  MOCTOSHHOM

obbeme CV =1565 Ox/Kr-K;

o O0ObEMHbI pacxop, HedTH
QI =39,7 M3/q;
o OOBEMHbIN pacxop rasa

Qg = 6054 M°/u;
o BECOBOI pacxof, CMecu m, = 10,522 «r/c;

o [hedeKTHble oTBepcTud dleak = 0,005 u
0,01 m;
o KoHueHTpauusa [TMN CS =0; 51 20 ppm

(MnH'1).

At X =X

leak

f =f C_=C cC=cC

dra draleak?’ ~ s sleak’ leak’

2

leak

An example of determining the intensity
of the expiration of the GLM from the oil field
pipeline with the following geometrical and re-
gime parameters:

o diameter of the pipeline D = 0.2 m;
o pipeline length L = 13000 m;
o pressure at the end of the pipeline

pexit =1.5 MPa;
o ambient pressure P, =0.1 MPa;

o mixture temperature To =293 K (20 °C);
o molecular weight of associated gas

mg =16 kg / kmol;

o gas constant of gas
R :5: @: 519,6 J/kg-K;
om 16

o heat capacity of gas at constant pressure
Cp=2191 J/kg-K;
o g@as adiabat index § = 1.4;

o gas heat capacity at constant volume

C, =1565J/kg"K;
o volumetric oil flow QI =39.7m’/h;

o gas flow rate Qg = 6054 m®/ h;

o weight flow of the mixture m, = 10,522 kg'/s;

o defective holes dIeak =0.005and 0.01 m;

o concentration of DRA CS = 0; 5 and

20 ppm.
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Ha pUCyHKe 1 npuBefeHa

m

leak

m,

B 3aBUCUMOCTM OT AauameTpa [edeKTHOro
OTBEPCTUsI, ero fiokanuaaumm N KOHLEHTpaLmm
NPOTMBOTYPOYNEHTHON NpUCaaKK.

OTHOCUTEJIbHAaA MHTEHCUBHOCTb YTEYKU

Figure 1 shows the relative intensity of

leak

leakage depending on the diameter of

0

the defective hole, its localization and the con-
centration of the drag reducing additive.

0,07 | |
= = dleak=0,005 m; C=5 ppm
0,06 S dleak=0,01 m; C=5 ppm
; \ — — dleak=0,005 m; C=20 ppm
E - = = = dleak=0,01 m;C=20 ppm
0,05 —= — dleak=0,005 m ; C=0
P N I . \ e dleak=0,01 m; C=0
e = -
S 004 = \\
é ’ ) \
2
o 0,03
'—
I
=
§ 0,02
g = “-_—E-—_-\r___§.”
|<|_.> 0,01 E—ar—— —
=
(8]
e
5 1]
0 2000 4000 6000 8000 10000 12000 14000

PaccTtosiHne, m

PVI(:yHOK 1. OTHOCHTENbHAs MHTEHCUBHOCTb YT€4Kn B 3aBUCMMOCTHN OT OnameTpa ,D,e(beKTHOI'O
OTBEPCTUA, €ro nokanmsaunm n KoOHUEeHTpauun I'IpOTVIBOTyp6yJ'IeHTHOl7I npucagku

Figure 1. Relative leakage intensity depending on the diameter of the defective hole, its localization
and concentration of the anti-turbulent additive

BbiBOAb!

1. PaspabotaHa meToamKa pacyeta WH-
TEHCUBHOCTM UCTEYEHUA HedpTM M rasza yepes
heekTHoe oTBepCcTME Mpu nepekayvke raso-
XWOKOCTHOW CMecu C Y4eTOM pacTBOPEHMS
CYCMEH3MOHHbIX 4acTul, NonMMepoB U Aerpa-
JaLunmn pacTBOPMBLLMXCA MaKpOMOIEKYIT.

2. TpuMeHeHne NpOTUBOTYPOYNEHTHbIX
npucagoK NpPMBOAUT K YMEHbLUEHUK UHTEHCUB-
HocTh ucteveHus NKC yepes manble aedekT-
Hble OTBepcTUs B HedTenpoMbICNoBbIX Tpybo-
npoBoAax.

[lybrimkayns nMo[roToB/ieHa B pPamMKax
BbIriosiHeHus ocygapcTBeHHoro 3agamns LjeH-
TPa He@TerazoBbIX TEXHOJIOMY N HOBbIX MAaTe-
pmarnos FTAHY NCU Pb 3a 2018 r.

Conclusion

1. A method for calculating the intensity
of oil and gas outflow through a defective open-
ing when pumping a gas-liquid mixture, taking
into account the dissolution of suspension parti-
cles of polymers and the degradation of dis-
solved macromolecules has been developed.

2. The use of drag reducing additives
leads to a decrease in the intensity of the out-
flow of GLM through small defective holes in the
oilfield pipelines.

The publication was prepared in the
framework of the State Task of the Center of Oil
and Gas Technologies and New Materials of
SASD ISR RB for 2018
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