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APG H

B OO0 «THK-YBar» paspaboTaH MeToz, NO3BOMAOLWNIA
B YCMOBMAX najarolien 4obbium HedhTn — a 3HAYWT,

1 nonyTHoro HedTAHoro rasa (MHIN) — gocTuyb
6eccaxeBoro cxxuranuna MNHIN Ha dhakenax. 3To
NO3BOSMINSIO COKPaATUTb Maccy BpeaHbIX BbIGPOCOB U
CHU3UTb NaTeXmn 3a HeraTMBHOE BO34ENCTBUE Ha
oKpy>atoLlyto cpeny. [NpoekT ctan nobegntenem
Mpemuu MNpepcenatena Coseta anpektopos THK-BP
3a goctuxenua B obnactm OT, NBb n OOC no ntoram
2012 ropa.

crnonb3oBaTk Becb 06bemM INHIT, fobbiBaeMoro Ha

Bepx-TapckoM 1 Kanb4MHCKOM MECTOPOXXOEHNAX
000 «THK-YBar», He NpeAcTaBNSeETCA BO3MOXXHbIM B
SKOHOMUYECKUIA PACHET MO ONPEeaeneHno BO3MOXKHbIX
BapnaHToB yTuamadauum MNMHI Ha 3TUX MECTOPOXKAEHWSAX,
npoBeaeHHbin B 2010-2012 rogax, nokasars, YTo B
HacTosILLIEe BPEMS] COOTBETCTBYHOLLIME TEXHOOMMM C
NONOXXUTENBHOM SKOHOMUYECKOM 3(PMEKTNBHOCTLIO
OTCYTCTBYIOT. [TO3TOMY B CIOXXMBLUMXCH SKOHOMUHECKIX
1 MPaBOBbIX YCAOBUSIX MPUHAT BapUaHT MOAEpPHU3aumm
hakenbHbIX YCTAaHOBOK 1 ONTUMU3MPOBAHHOMO
oxuranms MNHI.

Ecnv npu ropeHnn
MOMnyTHOro rasa
BbIAENAETCA caxa,
3TO CBMOETENLCTBYET
O CYLLIECTBEHHOM
HepoXxore
YrNeBoOOPOAOB,

YTO NMOATBEPXKAESHO
pacdeTaMu No YyTBEPXKAEHHOW METOANKE U COrnacoBaHo
PocnpupoaHaa30poM B MPOEKTe HOPMaT/BOB
npegenbHO OOMYCTUMBIX BbIOPOCOB. YCTaHOBMEHO, YTO
MPUHNHON CaXKEBOrO FOPEeHVst SIBNSIETCSA HECOOTBETCTBNE
OVaMeTPOB COomes AeCTBYIOLLVX dhakesbHbIX YCTAaHOBOK
dakTndecknm obbemam cxurarms MHE. Conna 6b1u
paccUnTaHbl Ha 60/bLUVE 0OBbEMBI rada, OgHaKo nageHue
000bI4 HA MECTOPOXXASHUAX MPUBOOUT K CHUXKEHUIO
CKOPOCTW UCTeYeHNs rada 13 conna axkena — a

OJ151 PeXKMMa ropeHnst 3TO KPUTKYHO. [pr CKOpOCTU
ncrtedveHns raza MeHee 0,2 OT CKOPOCTW 3BYKa ropeHne
MepexoauT B CaXKEBbIN PEXNM, BbIOPOCH! OKCKaa
yrnepoga ysenu4msarotca B 12,5 pas, beH3onvpeHa B
YeTblpe pasa, caxu Ha 100%.

Takum obpasom, cxuranve MNHI Ha dhakenax B
CYLLIECTBYIOLLIEM PEXMME FOPEHNS MPUBOANT K 6OLLLIOMY
KOMNMYECTBY BbIOPOCOB 3arPA3HSAIOLLMX BELLECTB B
aTMocdepy 1, COOTBETCTBEHHO, BObLLIMM NaTeXXam 3a
HeraTVBHOE BO3OENCTBME HA OKPYXKAtOLLIYHO Cpeay.

[nst cCHYKeHNs MacChl BbIDPOCOB 3arpPA3HSAKOLLMX
BELLECTB 1 YMEHbLLEHVS pasMepa nnatbl 3a 3arpsisHeHue
aTMOCepHOro Bo3ayxa BbIbpocaMu OT CXUraHNS

MHI 8 OO0 «THK-YBaT» 6bIN10 MPUHATO PeLLEHME
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OnbIT «THK-YBaT» MOXET ObITb UCMONb30BaH
Ha NtoObIX HePTEra3oBbIX MNPEANPUATUSAX

TNK-Uvat's experience can be used by any
oil and gas company ,,

TNK-Uvat has devised a methodology to achieve soot-
free flaring of associated petroleum gas (APG) as its
production declines. This has significantly reduced
harmful atmospheric pollution and slashed the charges
payable for APG flaring. The project won the TNK-BP
Chairman’s Award for HSE 2012.

he entire amount of APG produced at the Verkh-

Tarskoye and Kalchinskoye fields of TNK-Uvat cannot
be put to good use for economic and logistical reasons.
Feasibility estimates completed in 2010-2011 to identify
potential alternatives to APG utilization at those fields have
shown the absence, at this point in time, of appropriate
technologies that would be economically viable. Therefore,
given the prevailing economic and legal environment, the
APG flaring option has been selected.

If soot is discharged when flaring associated gas,

it points to substantially incomplete combustion of
hydrocarbons, as borne out by statutory estimates of
maximum permitted emissions. The sooty combustion
mode has been found to result from an inconsistency
between the existing flare tip diameters and the actual
amount of APG flaring. Originally, the flare tips had
been sized for a
large volume of
gas; however, as
field production
declines, the
velocity of gas
leaving the flare
tip decreases,
critically affecting the combustion mode. At gas
velocities of less than 0.2 Mach, the sooty combustion
mode kicks in, discharge increases by a factor of 12.5,
benzopyrene discharge quadruples, and soot emission
rises 100 percent.

Therefore, APG flaring in the prevailing combustion
mode results in an excessive discharge of atmospheric
pollutants and, consequently, in greater charges payable
for adverse environmental impact.

In order to reduce pollutant emissions and slash the APG
flaring charges, TNK-Uvat resolved to upgrade the flare
systems in the Verkh-Tarskoye and Kalchinskoye fields.
The project called for replacing flare tip at existing flare
units to achieve soot-free APG combustion across a
broad flow range.

New Approach to an Old Problem

To begin with, the type and parameters of new flare tips
have been identified in order to achieve soot-free APG
flaring across a broad flow range using existing flares.

To enable development of the required technical
concepts, the Environmental Section of TNK-Uvat relied
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MOLEPHU3MPOBaTbL hakebHble cUcTeMbl Bepx-

Tapckoro 1 Kanb4MHCKOro MeCTopOoXKaeHNA. [1poeKT
npenycMaTpuBa PEKOHCTPYKLMIO (hakebHbIX OrOIOBKOB
CYLLIECTBYIOLLIMX (haKebHbIX YCTAHOBOK A1 LOCTVXEHNS
BeccaxeBoro pexxuma ropenus MNMHI B LWnMpoKom
JvanasoHe pacxonos.

HoBblit NoAXoA K 3acTapesiuei npobneme

[ns Havana BbINn onpeaeneHb! TMN U NapamMeTPb!

HOBbIX (DaKesbHbIX OrOfTIOBKOB, KOTOPbIE MO3BOANIN Obl
Mony4nTb 6ECCaXKEBBIN PEXUM ropeHus MHI™ B LUMpoKOoMm
Ovanas3oHe pacxod0B Ha CYLLECTBYIOLLMX hakebHbIX
yCTaHoBKax. [Jnd noaroToBkM HEOOXOAMMBIX
TEXHUNYECKMX PELLEHNN CMELUMAnMCTbl OTAENa OXPaHbl
okpyxxatowen cpegpl OO0 «THK-YBaT» no utoram
ydeTa cxuranus MNMHIC 1 pac4eToB kKoin4ecTsa
BbIBPOCOB, VX MapamMeTpPOB W YCOBWIA NPOBENN aHaN3
N MOLENMPOBAHNE PEXNMOB FOPEHNST OENCTBYIOLLIAX
hakenos.

ViccnenoBaHna nokasanu, YTo OCHOBHbIM NapamMeTpOM,
obecne4BatoLLMM BECCAKEBDBIN PEXMM FOPEHMS,
SABMSIETCA BbICOKAA CKOPOCTb UCTedeHus MNHIT: yem
BbllLE CKOPOCTb (B AnanasoHe oT 0,2 OT CKOpOCTU
3ByKka 0o 120 mM/c), TeM MeHbLLE BbIOPOCOB
Bblaensetcs npu cropaHum MNMHI Ha hakene. A cambiM
Mano3aTpaTHbIM CNOCOBOM YBEMNYEHNSA CKOPOCTM
NCTEYEHUS ABNSETCSA YMEHbLLEHVE AMaMETPaNbHOIro
ceveHns pakesibHOro OrosioBKa.

B cnydae nagaroumx o6bemoB cxxumranmsa MNMHI nogbop

BbIMNOJIHAETCS MPOBEAEHNEM PACHETOB:

» MO AOCTVKEHWIO BEPXHErO NMpefena «6eccaXeBoro»
pexxmma (120 m/c);

» MO ONPEAENIEHNIO BPEMEHHOIO AManasoHa
«BEeCCaXeBOro» pexxmMa — 40 HKHEro npeaena
(ckopocTb nctedeHnd MNHI — 0,2 oT ckopocTn
pacnpoCTpaHeHWst 3ByKa B JaHHOM rase).

B cny4vae, ecim o6bembl oxxumranmsa MHI pacTtyT, noadop

BbINOJSHAETCA NMPOBEAEHNEM PACHETOB:

» MO AOCTVKEHWIO HYDKHErO Mpefena «beccarkeBoro»
pexuma (0,2 OT CKOPOCTY 3BYKA);

» MO ONPEAENEHNIO BPEMEHHOIO 06eCneYeHs
«BECCaXEBOro pexx1ma» — 40 BEPXHEro npegdena.

NMo3uTHBHLIN 3ththeKT

Ha Bepx-TapCKoM MeCTOPOXXOEHNN OrOSIOBKM
hakenos NpPAMOTOYHOro TrNa anametpamun 0,3 M

1 0,2 M B hepane 2012 roga 6b1m 3aMeHeHbl Ha
CTPYVHbIE, MIOLLAAb CEHEHNIN KOTOPbIX SKBUBASIEHTHA
avameTpasbHbiM cedeHram 0,102 m 1 0,035 m. Ha
Ka/Ib4HCKOM MECTOPOXAEHMM COBMELLIEHHDIA OrO/TIOBOK
C HapYy>XHbIM 1 BHYTPEHHUM anametpamu 0,2 M n 0,1
M 3aMeHeH B KoHLe Aiekabps 2012 rofga Ha CTPYMHbIN
C 9KBMBaIEHTHbIMU arameTpamim 0,085 M 1 0,025 m
COOTBETCTBEHHO.
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®aken Bbicokoro gasnerva LIMNC Bepx-Tapckoro
HeTAHOrO MECTOPOXXAEHWA A0 MOAepHM3aLMn. fopeHre
C BblAENEHNEM CaXKU.

A high-pressure flare at the Verkh-Tarskoye CPF prior to the
upgrade. Flaring produces soot.

on APG flaring records, as well as quantitative pollution
measurements in terms of compliance with maximum
permitted discharge levels, to painstakingly analyze the
combustion mode of existing flares.

According to this research, high-velocity APG flow is the
key parameter to ensure soot-free combustion mode.
The higher the gas velocity (between 0.2 Mach to 120 m/
sec), the less soot is generated by APG flaring. The most
affordable method to increase the exit velocity calls for
flare tip diameter downsizing.

In case of a decline in APG flaring volumes, flare tip sizing
relies on the following calculations:
» upper bound velocity for the soot-free mode
(120 m/sec)
» temporal range of the soot-free mode, down to the
lower bound

In case of an increase in APG flaring volumes, flare tip

sizing relies on the following calculations:

» lower bound velocity for the soot-free mode (0.2 Mach)

» temporary support for the soot-free mode, up to the
upper bound

Benefits

At the Verkh-Tarskoye field, the flare tips were replaced
in February 2012, whereas Kalchinskoye flare tips were
replaced in late December 2012.

Project implementation costs at the Verkh-Tarskoye field
add up to 1.4 million rubles. As a result, over two quarters
of 2012, pollutant emissions dropped by 8,300 t (-57.8
percent), and environmental pollution charges decreased
by 36.3 million rubles (-60.7 percent).
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APG H

3aTparthbl Ha peanusaunio NpoekTa Ha Bepx-Tapckom
MEeCTopOXAeHNM cocTaBum 1,4 MnH pybnen. B
pe3yfbTaTe BbIOpOCh! 3arpAa3HSAIOLLMX BELLECTB 3a ABa
kBapTana 2012 roga cokpatunmck Ha 8,3 Tbic. T (-57,8%),
pa3mep nnarexxen ymeHbLUMIcs Ha 36,3 MNH pybnen
(-60,7%).

Given that the project implementation costs at the
Kalchinskoye field are budgeted at 4 million rubles, the
expectation is for harmful pollution from the existing flares
to decline by 11,600 t (-73.5 percent) over 2013-2017,
to produce 114.6 million rubles in savings (disregarding
perspective changes in environmental laws) (Fig. 1).
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15000 - - - - - = — —— ————"——"——"——"—~— -~ }¢ -« Macca BbIGPOCOB 3arpA3HAIOLMX BELWECTB
2000 B aTMocdepy, TOHH, BapuaHT 1
10000 - == - m o T T T Atmospheric pollution amount,
5000 -- - - - " ~—-. 1000 t, Alternative 1
0 e=» Macca BbIOpOCOB 3arpA3HALLNX BELLeCTB
! 2013 ! 2014 ! 2015 ! 2016 2017 ! B aTMOCHEpy, TOHH, BapraHT 2
Toic. py6. ToHH Atmospheric pollution amount,
'000 rubles Tons t, Alternative 2
Mokasatenb 2013 0014 201 2016 201 Bcero 2013-2017
7
Indicator ° Total, 2013-2017
Crxuranume MHI Ha dhakenax, MnH m®
APG flaring, mmem 12.83 11.51 11.51 11.51 11.51 58.57
BapwuaHT 1. Be3 nsmeHeHuA hakenbHbIX OroIOBKOB (ropeHue ¢ BbiAENEeHUEM CaXxu)
APG flaring, mmcm
Macca BbI6GpOCOB 3arpA3HAIOLNX
BeLlecTB B aTmocchepy, TOHH 3 486.72 3079.14 3079.14 3079.14 3079.14 15 785.26
Atmospheric pollution amount, t
Mnata 3a BbIGPOCHI 3arpA3HAOLLMX
BellecTB B aTMOChepHbIil BO3AyX,
TbIC. py6. 14 139.95 12 533.21 12 533.21 50 166.79 50 166.79 139 539.96
Atmospheric pollution charges,
‘000 rubles
BapuaHT 2. C mogepHU3MpoBaHHbIMU (hakenbHbIMK OronoBKkamu (6e3abiMHOe ropeHune)
Alternative 2. Upgraded flare tips (soot-free combustion)
Macca BbI6pOCOB 3arpA3HAIOLWMNX
BeLlecTB B aTMocepy, TOHH 911.46 817.8 817.8 817.8 817.8 4 182.67
Atmospheric pollution amount, t
Mnata 3a BbIGPOCHI 3arpA3HAIOLLMX
BeLLEeCTB B aTMOChepHbIil BO3AYX,
Thic. py6. 2 524.68 2241.37 2241.37 8 957.27 8 957.27 24 921.96
Atmospheric pollution charges,
‘000 rubles

Puc. 1 PacyeT nnatbl 3a HeratvBHOe BO3AENCTBUE HA OKPY>KaKOLLYKO cpefly OoT oxuvraHug MNHI Ha

Kanb4HCKOM MeCTOPOXAEHN

Fig. 1 Calculation of charges payable for adverse environmental impact of APG flaring at the Kalchinskoye field

[Npn hakTHeCKMX 3aTpaTax Ha peanMaaumio NpoeKTa Ha
Kanb4MHCKOM MECTOPOXXOEHUM B pasmepe 4 MH pyonen
oxumpaeTtcs, 4to B 2013-2017 rogax BpeaHble BbIOPOCH!
Ha CyLLEeCTBYOLWMX dhakenax cHM3ATcA Ha 11,6 Tbic. T
(-73,5%), sakoHoMust cocTaBuT okono 114,6 mnH pybnen
(6e3 y4eTa NepcnexkTVB U3MEHEHNST MPUPOO00XPaHHOMO
3akoHogarenscTea) (Prc. 1).

www.rogtecmagazine.com

Replication Opportunities

In fact, the experience of TNK-Uvat is applicable to any
oil and gas producing enterprises facing a lack of gas
infrastructure, such as gas processing plants, or gas
transportation systems (in-field or trunk pipelines), stricter
environmental legislation, and greater charges for harmful
emissions associated with APG flaring.
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dakena LMNC n YICB Bepx-Tapckoro HethTAHOrO MECTOPOXAEHNA MOCE MOAEPHN3aLMK. BeccaxeBoe ropeHue.
Flares at Verkh-Tarskoye CPF and free water knockout station after the upgrade. Soot-free combustion.

Bo3mMo)XXHOCTU TUPAXXVPOBAHUA

OTMETUM, YTO METO/, pa3paboTaHHbI 1
noaTBep>XAeHHbIN OnbiTHbIM MyTem B OO0 «THK-YBaT»,
SBASIETCS NPOCTbIM, Ma/I03aTPaTHbIM, SKOHOMUYECKN
ahhexkTnBHbIM. OH MPUMEHUM AN HOObIX
HethTerazogobbiBaOLLMX MPEanpPUSTUN B YCIIOBUSIX
OTCYTCTBUSA NHDPACTPYKTYPbI
ra30BbIX MPOU3BOACTB — B
4aCTHOCTW, ra3onepepadaTbiBatoLLMX
3aBOL0B, CUCTEM TpaHCropTa rasa
(MPOMBICIOBBIX 1 MarnCTRasbHbIX
ra3onpoBOO0B), U YPE3BbIMAHO
aKTyasneH B yCNoBUSAX

Y>KECTOHEHUS MPUPOLOOXPAHHOIO
3aKOoHOOATENBCTBA N YBEIMHEHWS NaThbl 3a BPeaHble
BbIGpOCHI NMpw CxumranHm MHT.

000 «THK-YBaT» y»Ke UCMofb3yeT NoyHeHHYHO
METOAVKY MPW MPOEKTUPOBAHM PaKeNbHbIX CUCTEM
LeHTpabHbIX MyHkToB cbopa (LIMC) YcTb-Terycckoro (Il
o4epenb) 1 TAMKNHCKOrO (I o4epenb) MECTOPOXAEHUN.
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TNK-Uvat has already put the resultant methodology
to good use in designing Central Processing Facility
(CPF) flare systems for the Ust-Tegusskoye field (Train
1) and the Tyamkinskoye field (Train I). In addition,
recently, the project was successfully adapted for use
at the Kamennoye field of TNK-Nyagan. Following

PEeKOHCTPYKLUMS dhakelbHbIX CUCTEM
NO3BOINIA COKPAaTUTb BbIBPOCHI Ha 57 %
The flaring system reconstruction allowed us to
reduce pollutant emissions by 57 percent ,,

its implementation, the field also achieved soot-free
combustion mode against the backdrop of declining oil
production and a gas turbine power plant recently put on
stream.

Criacn6o komraHm TNK-BP v xypHany «HosaTop» 3a
rpPenocTaB/IeHe MaTepmasios.

Published with thanks to TNK-BP and Innovator Magazine
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OnTuMMU3auuMsa NpPoLeccos.
NMoBbiLLeHUue NPOU3BOAUTEJSIbLHOCTM.

MAKCUMAJIbHAS
DDPPEKTUBHOCTD.

Ha Bcex 3Tanax 3KChJiyaTauum [
MeCTOpPOXXO,eHUS.

KomnaHuna FMC Technologies npenocTtaBaseT MoJiHbIN
CMEeKTp YyCNyr, No3BoJISOLWNX ONTUMU3MPOBaTb pa3paboTky
MoABOAHbLIX MECTOPOXXAEHNIN HA BCEX dTanax sKCrayaTauuu.
Halwwm TexHonormm nogaep>XXaHms nNaacToBOro AaBsieHUs
1 NMPOMbIC/IOBOrO MOHUTOPUHIa NOBLILLAT A00bIYY, a
TEeXHOJIOrMYEeCKNE CUCTEMbI MOABOAHON KOMIMJIEKCH OrOTOBKU
n06bIBAEMOro NPoayKTa 1 CEPBUCHLIE YCNYTU-APU NpOBeAeHNN
BHYTPUCKBaXXWHHbIX paboT yBeANYMBAIOT U3BJIEKaeMOCTb
3aMacoB Ja)Xe W3 CaMbIX CJIOXKHbIX MJACTOB MOABOAHbIX
MeCcTopoOXXAeHUN. 'ae 6bl HU HaXO4UIOCb MECTOPOXXAEHMNE, KaKon
6bl C1oXKHOW HK Bbisia 3agadva, Mbl Bcerga bynem psagaomMm Ha BCcex
3Tanax 3KCMnJlyaTaunum MeCTOPOXKAEHMS.

aBa 3alLLLEHb.

www.fmctechnologies.com ;Mc Technologies

You " C Hamu Boi—nupep!
D | e Bcerpa v BO BCEM.



