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MNpepgnucnoBne

1 NOAIrOTOBJIEH ®epepanbHbiM roCyA4apCTBEHHbIM GIOLKETHLIM yupexaeHnem Haykm «OpgeHa Tpy-
[oBoro KpacHoro 3HameHun VIHCTUTYT HedhTeXMMMUYECKOro cuHTesa um. A.B. Tonumesa Poccuiickoli akagemum
Hayk» (MIHXC PAH) n ®egepanbHbiM rocyfapCTBEHHbIM GHOMKETHLIM yupexaeHnem «POCCUNCKNIA MHCTUTYT
CcTaHaapTusauum» (PreY «MHCTUTYT cTaHfapTu3aLmMm») Ha OCHOBE COGCTBEHHOrO NepeBofa Ha PyCCKuii A3blkK
aHrn0A3bI4HOM BEPCMU CTaHAapTa, YKa3aHHOro B MyHKTe 4

2 BHECEH TexHuyecknm KoMUTETOM Mo cTaHdapTusauun TK 239 «YnasnvsaHue, TpaHCnopTuposaHue
N XpaHeHne Yrnekucnoro rasa»

3 YTBEPX/JEH ¥ BBEAEH B AEWCTBVE Mpukasom ®efepanbHOrO areHTCTBa M0 TEXHUYECKOMY
perynnpoBaHuio 1 metposiornm ot 14 dpespansa 2023 r. Ne 89-cT

4 HactosAwmii cTaHOapT WAEHTUYEH MeXAyHapoAHOMY AOkKyMeHTy ISO/TR 27921:2020 «YnasnuBa-
HVe, TpaHCnopTMpOBaHWeE U reosiorMyeckoe xpaHeHue auokcupa yrnepoga. CkBo3Hble Bonpocbl. CocTas Mno-
Toka C02» (ISO/TR 27921:2020 «Carbon dioxide capture, transportation, and geological storage — Cross
cutting issues — C02 stream composition», 1DT).

HavmeHoBaHMe HacTosiero ctaHgapTta M3MEHEHO OTHOCUTESIbHO HAaMMEHOBaHUS YKa3aHHOro Mexay-
HapoAHOro AOKyMeHTa An1a npueeaeHust B cootBetcteue ¢ FTOCT P 1.5—2012 (nyHKT 3.5)

5 BBEJEH BIMEPBbIE

MpaBuna NpMMEHEHUs HACTOSLLEr0 CTaHjapTa yCTaHOB/EeHbl B cTaThe 26 ®efepasbHOro 3akoHa
0T 29 moHA 2015 r. Ne 162-d3 «O cTaHgapTusauum B Poccuiickoin degepaunn». NHpopmaums o6 ns-
MEHEHMAX K HACT 0slLeMy CTaHaapTy Ny6/ukyeTCcs B eXXerofgHoM (Mo cOCTOsHMIO Ha 1sHBapsa Tekylero
roga) MHOPMaLUMOHHOM yKasaTene «HauuoHafbHble CTaHAapThbi», a ohulmnanbHblli TEKCT U3MEHEHU
M NMONPaBOK — B €XeMeCAYHOM WH(OPMALMOHHOM yKasaTerne «HauuoHanbHble CTaHjapTbi». B cnyvae
nepecMoTpa (3aMeHbl) WU OTMeHbl HACTOSLLEro cTaHAapTa CooTBeTCTBYLIee yBejomieHne 6yaeT
ony6/MKoBaHO B 6rMxaillueM BblIMyCKe eXeMeCcsSYHOro MHGOopMaLMoHHOro ykaszaTens «HauuoHasbHble
cTaHgapTbi». CooTBeTCTBYyWLWas nHpopmauuns, ysegoMneHme U TEKCThbl pasMew,aioTCsad TakKe B UH-
thopmaunoHHOW cucTeMe 06LErO NOML30BAHNS — Ha ouLManbHOM caliTe defepasbHOro areHTcTBa no
TEexXHUYEeCKOMY PETY/IMPOBAHUIO U METPONOruu B ceTu MIHTepHeT (Www.rst.gov.ru)

© 1SO, 2020
© OcpbopmneHune. PreyY «NHCTUTYT cTaHdapTusayum», 2023

HacToAawuii cTaHaapT He MOXeT 6blTb MOSTHOCTHLIO WM YaCTUYHO BOCNPOU3BEAEH, TUPAXMPOBAH U pac-
npocTpaHeH B KauyecTBe OouUUaNbHOTO U3daHus 6e3 paspelleHuss degepasibHOrO areHTCTBa Mo TexHuue-
CKOMY PEerysimpoBaHuio 1 MeTpOoorMu
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BBepneHne

MexayHapogHbliA TexHuuecknii kommteT NICO 265 paspabaTtbiBaeT cTaHAapTbl M TEXHUYECKME OTYETH,
CBSI3aHHbIE C y/laBNUBaHWEM, TPAHCNOPTMPOBAHMEM U NOA3eMHbIM pa3melleHnem (CCS) guokcuaa yrnepoga
(C02). CCS-TexHOMOMMN MOryT 6bITb MCMONb30BaHbl A5 COKpalieHna BbibpocoB CO2 OT KPYMHbIX cTaumo-
HapHbIX TOYEYHbIX UCTOYHUKOB BbIGPOCOB, YTO B OyAyLlEM MOXET CMOCO6CTBOBATbL OfPaHUYEHMIO pocTa ro-
6anbHO TemnepaTtypbl OKpyxatoLlein cpegbl. B cneunansHoM oTyeTe MexayHapo4HOR rpynnbl 3KCNepToB Mo
n3meHeHuno kimmaTta (IPCC, 2005) nogpo6HO onucaHbl (hyHAaMeHTaslbHble TeXHUYEeCKUe, HayUHble, 3KO10rn-
yeckme, 3KOHOMMYECKNE W couManbHble acnekTbl BHeapeHuss CCS-TexHOonormii u ux noTeHumasbHaa posb B
nopTdene mep nNo CMAr4EeHUI0 NOCNEACTBUIN U3MEHEHUS KIumarta.

B 3aBMCMMOCTM OT UCXOAHOIO Cbipbs, NPOU3BOACTBEHHLIX MPOLECCOB W npouecca ynaenueavusa C02
notokn C02, ynasnueaemMble 13 NPOMbILLIEHHBIX UCTOYHMKOB WU NPU NPOU3BOACTBE 3/1EKTPO3HEPrum, MoryT
cofepXaTtb pasfinyHble npuMecy (T. €. KOMMNOHEHTbl NOTOKa, OT/IMYHbIE Mo cocTaBy oT C02). MNpumecu pasnu-
yalTcsa Mo coAepXaHuio, a Takke Nno cBOMM (PU3UYECKMM U XUMUYECKUM CBOMCTBaM. Takum obpas3om, cocTaB
nepBoHayvyanbHO 3axBayeHHOro notoka CO02 ABnseTca KAYeBOl OTNpaBHON TOUkKol B obecneyeHun besonac-
HOCTM M HaZEeXHOCTW nocneayloLwen TpaHCNoOpTUPOBKA M NOA3EMHOr0 pasmMelleHns C02.

MHopMaLma o cocTaBe MOXET NMOMOYb oneparopamM B OLeHKe Heo6X0A4MMOCTM O4YMCTKM noToka CO02 B
3aBMCUMOCTM OT npeanosiaraeMblX BapuaHToOB TPaHCMOPTUPOBaHUA (BKIOYas cMellmBaHne ¢ notokamu CO02
OT APYTMX UCTOYHUKOB), BapnaHToB ncnosib3dosaHusa (EOR nap.) unm pasmeweHms B reosiormyecknx obpasosa-
HUsIX. 3HaHne cocTtaBa notoka C02Takke BaXXHO A1 OLEHKN KOMMepUYecKon adpdpekTuBHocTn CCS-NpoeKToB,
MOCKO/IbKY AONOJSIHUTENbHAA ouncTka notoka CO02yBennymnBaeT KanutasibHble U onepaunoHHbIe 3aTpatbl 415
sTana ynaenmBaHus C02. Kpome Toro, coctaB notoka C02sBnseTcs BaXHbIM BXOAHLIM (DakTOpoOM ANs KOMu-
4YeCTBEHHOWN oueHKn xpaHsawerocs C02, AN OTYETHOCTU U yyeTa BbIGPOCOB MapHUKOBBLIX ra3oB. MOCKObKY
npouecchl yaBAMBaHUa U OYUCTKM MOCTOSIHHO Pa3BMBAKOTCS, BaXXHO yCTaHaBMMBaTb AONYCTUMbIA AnanasoH
cofepxaHus npumeceli B notokax C02, OCHOBbIBAsACh Ha MOCAEAHUX HayUHbIX Ny6avkauusax.

B HacToswem cTaHfgapTe paccMOTpeHbl BOMpPOChbl kayecTBa NoTokoB C02, n faHHble CBeAEeHUS MOryT
npencTasnATb UHTEpPeC ANA OnepaTtopoB, Peryvpylowmx opraHoB M 3aMHTEPeCcOBaHHbIX CTOPOH, y4acTBYHO-
LWMX B peanm3auun NUaoTHbLIX 1 NpoMbllneHHbIXx CCS-npoekToB. B pa3gene 1 HacTodwero ctaHgapTa npuse-
OeHbl cBefeHus o cocTaBe noTokoB C 02, o6pasyowmxcsa npy peannsaunm KOHKPETHbIX NPOLLECCOB y/aB/vBa-
HVA. 3aTeM U3/10KEHO BO3MOXHOE B/IMSHWE Pas/NyHbIX NPUMECER, KOTOPble MOryT MPMCYTCTBOBaTb B NOTOKE
C02, Ha nocnepywuwme anemeHTol CCS-npoekta, BK/IYasA 3KCM/yaTauuOHHbIE acnekTbl, NoTeHuunasibHble
nocneacTeus Ans 340p0Bbs YesioBeka, obecnevyeHnss 6e30MacHOCTM M OXPaHbl OKpYXalole cpefbl, a Takke
KO/IMYECTBEHHYH OL,eHKY BbIBPOCOB NapHUKOBLIX ra3o0B.
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HALUWOHANbHbBIN CTAHAOAPT POCCUWMCKOW SEALEPALUMN

YNABJIMBAHWE, TPAHCIMOPTUPOBAHWE N XPAHEHUE YTJTIEKNC/TOIO F'A3A

CoctaB notoka C02 nocne 6/710Kk0B yfiaBAnBaHuA

Carbon dioxide capture, transportation and geological storage.
C02 stream composition

Jata BBegeHna — 2023—07—01

1 O6nactb NpUMeHeHUs

HacTtoawwmii ctaHgapT ycTaHaBAMBaeT OCHOBHbIE XapakTepuCTUKM MOToka yrnekucnoro rasa (C02) no-
cne aTana ynas/MBaHUS C y4eTOM 06LNX BApUaHTOB OYUCTKW. B HacToswem cTaHgapTe npuBefeHbl Xapakre-
PUCTUKM Pas3/iMYHbIX TUNOB NPUMECEl 1 MPUMEPbl 3HAYEHUI KOHLEHTpaLMil 3TUX NpruMecei, yCTaHOBEeHHbIX
npy peanusaluun NUAOTHBIX MPOEKTOB MO YNaBMBaHMIO, a Takke Ha OCHOBe 0630pa Hay4yHol nutepartypbl.

B HacToflllemM cTaHAapTe npvBeAeHO onucaHue nNOTeHUUaslbHOro BO34ENCTBUA NpuMeceil Ha Bce
anemeHTbl CCS-npoekTa — OT Ha3eMHbIX YCTAHOBOK (BK/IOYasA TPAHCNOPT) 40 KOMMIEKCOB N0 pasMeLLeHUto.
Hanpumep, npuMecy MOryT Oka3blBaTb CYyLLLECTBEHHOE BUsAHME Ha (da3oBOe COCTosHWe noTokoB CO02 B 3a-
BVCMMOCTU OT MX KOHUEHTpauun. K XMMnyeckum BO3AEWCTBMAM Mpumeceli OTHOCUTCA KOppO3us MeTaslfoB.
CoctaB notoka C02 MOXeT Oka3blBaTb B/IMSHWE HA NPUEMUCTOCTb Y 06BEM pasMelleHnNs K3-3a pas/INyHbIX
hunsnyecknx napameTpos (Hanpumep, MAOTHOCTM WM BSA3KOCTWU) W MPOTEKAHUA TeOXMMWUYECKMX peakuuin B
npupogHoM pesepsyape. B cnyyae yteukn npumecu, cogepxatwpmeca B notoke C0O2 n okasbiBalLme TOKCU-
yeckoe M 3KOTOKCUYeckoe BO3AENCTBME, MOTYT Oka3aTb HeraTMBHOE B/WSIHWE Ha 3[40pPOBbE YenoBeka W OKpy-
Xarollyto cpegy.

UTo6bl 06ecneuntb 3HEproad@eKTUBHOCTbL 1 NpaBusibHy0 paboTty Bceil uenodkn CCS-npoekta u He
NOBANATL Ha OKPYXaloLLylo cpedy, onepaTtopbl 06bIYHO OrpaHMYMBAlOT KOHLLEHTPALUI0 HEKOTOPbIX MpUMecel,
4TO, B CBOK OYepenb, MOXEeT MOBAUATb Ha KOHCTPYKLMIO ynaBnuBawoLlero o60opyfoBaHns U Heob6xoanmMocTb
peanusauny AOMNOAHUTENbHbLIX CTaAuii OYUCTKU. Takue orpaHMyeHus 3aBUCAT OT KOHKPETHOro cjiyyas U He
npvBefeHbl B HACTOALWEM CTaHAapTe, O4HAaKO HEKOTopble npuMmepbl coctaBoB notoka CO02 npepcrasrieHbl B
npunoxeHun A.

Tpebyemas unctota notoka C02, NOCTynatLLero ¢ ycTaHOBKM Mo yfaBnueaHuio, 6yaeT B 3HAUUTENIbHOW
CTeneHn 3aBuceTb OT TpeboBaHWii MO KOHLEHTpaLMW NpUMEecen, KOTopblie MOryT ObiTb NPUHATbLI U OTPEerysu-
poBaHbI AN onepaunii No TpaHCNOPTMPOBaHMIO, 3aKkavke 1 pasMeleHuo. OnepaTtopam ycTaHOBOK ynaBnuBa-
HVA noTpebyeTcsa ounwaTtb NOTok CO02, 4To6bl COOTBETCTBOBATL TPEOOBAHUAM TPAHCNOPTUPOBAHMUS, 3aKauyku,
pasmeLLleHna Unn ApyruM 3akoHogaTeslbHbIM TpeboBaHUAM.

MoHuTopuHr coctasa notoka CO02 urpaeT BaxHy posnb B ynpasneHun CCS-npoektamn. B cTtaHpapTe
npvBeAeHbl MeToAbl M3MepeHuss cocTaBa notoka CO02, a Takke Apyrue napameTpbl, KOTOpble HE06X0AMMO
KOHTpONIMpOBaTb Ha pa3/inyHbiX atanax CCS-npoekra.

B HacTosllWeM cTaHAapTe NpMBEAEHO 06BSACHEHME B3aVMOCBA3N MEXAY 3aJaHHbIMU XapakTepuctukamm
notoka C02 1 adpdpekTuBHOCTLIO Bcero CCS-npoekta. PaccMoTpeHbl BOMPOChI cMelweHust notokoB C02 un3
pasHbIX UCTOYHWKOB MNepen TPaHCnopTMpoBaHWeM WM pasMeLleHneM, a Takke onvcaHbl OCHOBHbIE PUCKM U
aKcnsyaTaunoHHblE OrpaHUYeHns.

M3gaHne opuuynanbHoe
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2 HopmaTuBHble CCbI/IKN

HaCTOFILU.MI?I CTaHAapT HEe COAEPXUT HOPMAaTUBHbLIX CCbIJIOK.

3 TepMUHbI U onpefeneHvs

MexayHapoaHasa opraHmsauusa no ctaHgaptusauum (MCO) n MexayHapogHas anekTpoTexHuyeckas Ko-
muceus (M3K) BeayT TepMUHONOrMyeckme 6asbl AaHHbIX, NpefHa3HayYeHHble 418 UCNONb30BaHUSA B CTaHAap-
TM3aumun, pasMeLleHHble B ceTn VIHTepHeT:

- MnaTcopma oHnaliH-npocMoTpa VCO: goctynHa Ha https://www.iso.org/obp;

- Onektponeaua M3K: gocTtynHa Ha http://www.electropedia.org/.

B HacTosieM cTaHAapTe Takke npuBefeHbl cneayouie TEPMUHbI C COOTBETCTBYOWMMN OnpeaeneHu-
AMM:

3.1 notok gunokcupga yrnepoga (C02 stream): IMOTOK, coCTOSAWMI MPEMMYLLECTBEHHO K3 AMOKcuga
yrnepoga.

MpumeuvaHune — TlOTOK AMOKCcUAA yrnepoda (YINEeKUC/IOro rasa) 06bIMHO BK/IOUYAET MPUMECU U MOXET BK/IHO-
yaTb BeLIECTBa, [106aB/sieMble B MOTOK /151 MOBbILLIEHUS NMPOM3BOAUTETLHOCTY NMPOLIECCOB MO Y/AaBMBaHIO, TPAHCMOPTH-
POBaHMIO 1 Pa3MELLIEHUIO AMOKCHAA Yriepoaa Wunmn /i oGHapyXeHust AnoKeuaa yriepoaa.

3.2 cocTaB noToka guokcupga yrnepoga (C02 stream composition): KoHueHTpaums (06bI4HO Bbipa-
XEHHas B 06BbEMHbIX A0M1AX) KaXA0ro KomnoHeHTa notoka C02 (3.1).

MpumeuyaHune — CocTaB notoka CO206bIMHO ONPEAEesSoT Mo YCMOTPEHVIO WM NPEANUCaHNI0 Perynvpyto-
LMX opraHoB. CocTaB noToka CO2Takke MOXET 6biTb NPEACTaBIEH MACCOBON KOHLEHTpaLei (Hanpumep, mr/m3).

3.3 uncrtota C02 (C0O2 purity): O6bemMHbIli npoueHT CO02 Kak KOMMOHeHTa notoka C02 (3.1).

3.4 npumecu (impurities): BelecTBa, 3a UCK/IIOYEHNEM AMOKCUAA yriieposa, ABNAIWMECa YacTbio Mo-
ToKa Avokcuga yrnepoga, KoTopble MOryT 6biTb MOSlyYeHbl U3 CbipbEBbLIX MOTOKOB WM NOTOKa Moc/e npouecca
ynaBnuBaHus, a Takke MOryT 6biTb cneunanbHO A06aB/eHbl B NOTOK AMOKCUAA yriepoaa.

MpumeyaHuna

1 MOXHO BblieNMTb COBOKYMHOCTb NpUMECEi, T. €. BELLECTB, 3a UCKIoUeHeM AMOKCUAA yrnepoaa, NpucyTcTeve
KOTOpPbLIX B MOTOKE ANOKCUAA Yriiepofa ABMIAETCA HeXennare ibHbIM.

2 MOXHO BbleNNTb COBOKYMHOCTb MpUMECEl, KOTopble A06aBNsoT B MOTOK AMOKCUAA Yriiepoda, Hanpuvep Belle-
CTBa, [06aBNsieMble B MOTOK AMOKCUAA Yriepoda C LUesbo U3MEHEHVS €ro qoU3NYECKNX U XMMUYECKUX CBOMCTB (MHIMOWTO-
pbl rMApaTO06pazoBaHNa WM KOpPOo3uKW), WK BELLECTBa, A0OaBnseMble B NOTOK AUOKCUAA YIIiepoaa /1 OTC/eXVBaHus
€ro pacrnpefesieHvsi B Hefipax rnocne 3akadkm (reoXvMUYeckme VHONKATopbI).

3.5 HekoHAeHcupyemble BewecTBa (non-condensable substances): Xumunyeckne BewecTBa, Haxoas-
LiMecst B ra3006pa3HOM COCTOSIHUM B YC/IOBUSIX SKCMTyaTauun TpybonpoBoja.

MpumeyaHne — KpaHHOW KaTeropum BewectB oTHocAT 02, N2, Ar, H2 n CH4.

4 YcnoBHble 0603HaUYEHWs, COKpALLLEeHUs N eAUHULbI N3MepPeHUs]

B HacTosilwem cTaHfapTe 06beMHble 40NN BblpaXeHbl B npoueHTax (1CM2) unm ppm (10_6), uto cooTBeT-
CTBYET Hay4HbIM Ny6/mKaumam u NpUHATLIM TpeboBaHmam CCS. Huxe nprBefeHbl YC0BHble 0603HaueHns U
COKpaLLleH/s, KOTOpble WUCMOJIb3YHTCA B HACTOALLEM CTaHgapre:

- Ar — aproH;

- AS — MbILLbBAK;

- BOS — npousBogcTBO CTanu B KucnopogHoit cpege (basic oxygen steelmaking);

- °C — rpagyc Uenbcus;

- CCS — ynaBsnuBaHve 1 pasMelleHne yrnekucnoro rasa (carbon dioxide capture and storage);

- Cd — kaamwuiz;

- CH4— wmeTaH;

- CO — moHooKcug yrnepoaa;

- C02— pgunokcug yrnepoga, Yrinekucnblii ras;

- COS — kap6oHuncynbtug,;

- EOR — nosbilweHne HepTeoTgaun nnacta (enhanced oil recovery);
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- EPA— areHTCTBO Mo 3awWmuTe OoKpyXxatwlLein cpegbl (environmental protection agency);
- EU — EBponeiicknii Coto3 (European Union);

- GD — pykoBogswmii gokymeHT (guidance document);

- GHG — napHukoBeblin ra3(bl) [greenhouse gas(es)];

- H2— Bopopog;
- Hg — pTyTh;
- H20 — Bopga;

- H2S — ceposogopop;

- H2504 — cepHada kucnora,

- IEA— MexpayHapogHoe aHepreTudeckoe areHTcTBO (International energy agency);

- IEAGHG — Tporpamma uccnefoBaHuii U pa3pabotok MexayHapoAHOro aHepreTMyeckoro areHTcTea
no napHukosbiM rasam (International Energy agency greenhouse gases R&D programme);

- IGCC — KOMOGUHMPOBAHHbIN LMKN KOMMNiekcHol rasndmkauun (Integrated gasification combined cycle);

- IPCC — MexnpaBuTtesibCTBEHHAA KOMUCCUA NO M3MeHeHUo knumata (Intergovernmental panel on
climate change);

- K — kanvig;

- MDEA— mMeTunanataHosiaMuH;

- MEA— MOHO3TaHoNnaMuH;

- Mn — mapraHeu,;

- MT— MUNUTPamMM;

- MMNa — meranackans;

- N2— a3sor;

- NETL — HauwuoHanbHaa nabopatopus aHepretuyeckmx TexHonoruii (National energy technology
laboratory);

- NH3— ammuak;

- Ni — HuKenb;

- Nm3— HopMasibHbIA Kybrnuyeckuin MeTp (3To Kybruyeckunin MeTp Npu abcontoTHOM gaBneHnn 101,325 MMa
n Temnepartype 0 °C);

- NO — mMOHoOKcug asoTa;

- NO2— gunokcunp asora;

- NOx— okcugabl a3ora;

- 0 2— xucnopog;

- OPS — ynpaBneHne 6e3onacHocTblo Tpybonposogos (Office of pipeline safety);

- Pb — cBuHey;

- PM — TtBepable yactuubl (particulate matter);

- ppm (=ppmv) — MWAIMOHHAA [0NA (= MUINIMOHHAA 0018 o o6bemy) = 1CT6;

- Psia — doyHT-cuna Ha kBagpaTHblii AtoiiM (aGCONOTHOE 3HAYEHNE);

- Se — cefeH;

- S02— gunokeup cepsl;

- SOXx— okcuabl cepbl;

- SOP — craHfapTHble onepaluoHHble npouenypb! (Standard operating procedures);

- SRB — cynbhatpegyuunpyowmne bakrepumn (Sulphate Reducing Bacteria);

- TMES — cnefoBble KonMyecTBa MeTasl/IMdeckux afnieMeHToB (trace metal elements);

- TOEs — cnepfoBble KonMyecTBa OpraHnyecknx coefuHeHuii (trace organic elements).

5 Xumunyeckunin coctaB notokos C02

5.1 0630p

B gaHHOM pasfene npuBeAeHbl MMeloWMecs: gaHHble 0 NPUMECAX, NMPUCYTCTBYOWMX B noTokax C02, u
[IManasoHbl KOHLLEHTPaLUWii npumeceli ans pasnunyHbiX UCTOYHUKOB C 02 1 MCNOSb3YEMbIX TEXHOOMWIA yaBnu-
BaHusi. Ocob6oe BHUMaHWe yAenseTca BonpocaM MOHWTOPMHrA.
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5.1.1 Tunbl Nnpumecen

HekoTopble rasbl MOryT NpPUCYTCTBOBaTbL B KayecTBe NpMMeceii B fbIMOBbIX rasax WUav TeXHONOrMYeCKoM
rase Ao ynasfvBaHuA W, cnefoBartesibHO, NOTEHUMaIbHO MOMYT MPUCYTCTBOBATb B BbIXOAALWEM MOTOKe nocse
ynaBnvBaHus. VIX KOHLEHTpauun CU/IbHO pasfiMyaloTcs B 3aBUCMMOCTU OT MPUMEHSEeMON TeXHONOrmn ynas-
NBaHuA.

CopepxaHue HEKOTOpPbIX ra3oB (HasblBaAeMbIX «HEKOHAEHCUPYEMbIMU BeLLecTBamMm»), Hanpumep Ar, 0 2
n N2, MOXeT AOCTUraTb HECKONbKMUX NMPOLEHTOB B NoToke C 02 Ha BbIXxoA4e Nocne ynasfvBaHUSA nepep npouec-
caMn O4YUCTKM 1 KomnpumupoBaHusa (cMm. [40]). CoaepxaHne H20 (KOHAEHCUMPYEMbIA KOMMOHEHT) MOXET AO-
cTuratb Heckosibkux npoueHTtoB. Apyrue rasol (NOXx, SOX, H2S, CO n gp.), HecMoTps Ha npucyTtcTene B 6onee
HU3KNX KOHLUEHTpaLuusax, MOryT CyLecTBEHHO BWATL Ha napameTpbl noToka CO02.

KOHUEeHTpaums npumMeceid, OTIMYHBLIX OT YKa3aHHbIX ra3oB (cM. [40]), He3HauuUTeNbHA, HanpuMep B Cay-
Yyae npouecca ynas/MBaHUA «Noc/e» CxuraHnsa B notoke C02 moryT npucyTcTBOBaTb abcopbeHTbl (Hanpu-
Mep, amuHbl WM NH3) 1 NnpoAyKTbl MX pasfioxeHus. [pyrve npumecyu MOryT BKIYaTb TBEpPAble YacTulbl,
cnepoBble Konnyectsa metannioB (TME) n cnefoBble KonnyecTsa opraHuyeckmx coegnHenunii (TOE), B 3aBu-
CMMOCTM OT UCNOJIb3YEMOr0 TOMIMBA WAN Cbipbs. YpoBeHb TokcuyHoCcTM TME 1 TOE yacTo ABNAETCHA BbICOKAM
npy KpaliHe HWU3KMX KOHLeHTpaLusiX.

Mpy cpaBHEHUU [aHHbIX MO COCTaBYy MOyYyaemblX MOTOKOB C NPOMbILIAIEHHOTO O6beKTa WU NUIOTHON
YCTaHOBKW criefyeT OTMETUTb, YTO Ha MUIOTHbLIX YCTaHOBKaxX 0ObIYHO OTCYTCTBYIOT aTanbl OCYLUKA W/WIUN KOM-
NPUMUPOBaHUA Nepes TpaHcnopTupoBaHmeM. Mo3TOMy MOryT BO3HUKaTb pas3iMuma B KOHLEHTpaUuUsax npume-
ceir. Mpu komnpumnpoBaHmn C02 HEKOTOPbIE rasbl MMEKT TEHAEHLMWIO PacTBOPATLCA B KOHAEHCUPOBAHHOW
BOJe, YTO MO3BOMIAET B HEKOTOPbLIX Cnyyasax focturatb Mx 6osee HU3KOro cofepxaHus. bonee nogpobHas
NHpopMaunsa npmeegeHa B [48].

5.1.2 IamepeHunsa 1 oueHkKa

Cnepyet pasnuyatb faHHble, KOTOPble ABMAITCA OLEHKaMW, NOJSlyYeHHbIMW B pesysibTate MoLesnnpo-
BaHWA, W [aHHble, NoJlyYeHHble Mpy M3MepeHuax peasibHoro notoka CO02. Ony6/MKOBaHHbIE AaHHble, Kak
M3MepeHHble, Tak U CMOAEeNNPOBaHHbIe, 06bIYHO cofepXaT KOHLEHTpauum OCHOBHbIX Npumeceil. B HacTos-
LeM cTaHgapTe npvsefeHa MHpopmauns, B OCHOBHOM OCHOBaHHasA Ha peasibHblX U3MepeHuax. MogesnbHble
[JaHHble yKasaHbl TO/IbKO B Cliydae, ecnm namepeHus Obliv HedoCTynHbl. MofesnbHble nccrefoBaHnsa uHorga
NpeacTaBAAT LEHHOCTb, NOCKOIbKY MOAENN NPOoLLEeCcCcoB MO3BOMAT NPUBOAUTL AaHHbIE C Pa3/IMYHbIMU KOM-
BUHaLMAMN KOHLeHTpaumii npumeceii. Mogeny no3BoNSAT NPOrHO3MPOBaTbh BO3MOXHbIE ahDEKTbl B APYTUX
yacTax CCS-npoekTa, YTO pacCMOTPEHO B paszene 6 AN MIOTHOCTU dhasbl UM XMMUUYECKUX PeaKLuii.

5.1.3 ICTOYHUKN faHHbIX

[aHHble 0 cocTaBe notokoB C02 Ans uenein HacTosAwero ctaHgapTa MCNosb30BaHbl FPYnnoi akcnep-
TOB, HasHayeHHoW TK NCO 265, 13 OTKPbITbIX UCTOYHUKOB, 0630PHbLIX OTYETOB (HaMpUMep, MeXAyHapoaHbIX
opraHusauuii W unccnefoBaTenlbCkKMX KOHCOPLMYMOB) W pe3ynbTaToB MUAOTHbIX, AEMOHCTPAaLMOHHbIX UK
KoMMmepyecknx npoektos B EBpone, CeBepHoit AMepuke, ABCTpa UM 1 ANOHUN.

MpumeyaHune — [pumepbl HOPMATUBHBLIX TPEGOBaHWUI B OTHOLLEHNM 3TWX MPOEKTOB NPUBEAEHbI B NPUIOXeE-
HM B.

OcHOBHas 4acTb fi@aHHbIX NPU MNOArOTOBKE HACTOSILLEro CcTaHfapTa B3ATa U3 HECKOJSIbKMX 0630pPHbLIX Ny-
6MKaLUiA 1 OTYETOB:

a) cBefleHns o0 npumecax (40 3TanoB KOHAEeHcauun WamM o4ncTku) no [7];

b) 0630pHbIe oTyeThbl (cMm. [39], [40]);

C) 0630pHbIl 0TYET dopaHLy3ckoro kny6a C02(cm. [32]);

d) 0630p cBeAeHUA 0 KOHLEeHTpaLMax B NoTokax AVOKcuaa yrnepoja npuMeceli Ha anekTpocTaHumax u
B NPOMbILL/IEHHOCTU (CcM. [81]).

HacTosiwuiA cTaHAapT B 3HAYUTENLHOW CTENEHU OCHOBAH Ha BbllleyKa3aHHbIX UCTOYHMKAX, MOCKOJSIbKY
OHV cofepXaT 3HauYnTe bHbIA 06BEM AaHHbIX. YUnTbiBAAUCh U Apyrue nybnukaumm, a Takke ctaHgaptsel MCO
(Hanpumep, NCO 27913:2016, Tabnuua A.1, [48]) (cM. npunoxeHue B). Ccbiikn Ha nybnukauumn 6e3 UcTou-
HVYKa OaHHbIX He ucnosb3oBaiv. [ns npoueccos, onucaHHbix IGCC, cBefeHUss O NpPUMECSX MeTasl/IoB He
YCTaHOB/IEHbI.

Mpouecchl ynaBnmBaHWA U OYUCTKM aKTUBHO pPa3BMBAIOTCA, W MOBbIWAETCA 3P EKTUBHOCTb AOCTUXE-
HUs uncToTbl NoToka CO02. TpebyeTtcA, 4Tobbl NOTOK CO2 cOCTOAN B OCHOBHOM M3 C02. 3TO Npu6/M3nTesIbHO
COOTBETCTBYET UMcTOoTEe He MeHee 95 06. % (cm. MICO 27913:2016).

CnepyeT OTMETUTb, YTO [aHHbIX O cocTaBe noTokoB C02 HemHoro. OCo6eHHO Mano CBeAeHuin o pe-
3y/bTaTax, NnojlydYeHHbIX Ha NUIOTHBLIX U NPOMbILINEHHbIX YCTaHOBKax no ynasnveaHuio C02. MNpy noarotoske

4
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HacTodwero craHgapta TexHuyeckuii komuteT NCO 265 npoBen onpoc CTpaH — Y1EHOB TEXHUYECKOro KO-
MUTETa M HEKOTOpPbIX onepaTopoB CCS-npoekToB. HekoTopble pa3paboTumMkn TEXHOOMMIA He NMpefocTaBUmn
NHbopMaunio No coobpaxeHnsaMm KOHPUAEHLMaNTbHOCTU. Bblv NonyyeHbl faHHble Mo NATU MWIOTHBIM U ae-
MOHCTpaLMOHHbIM NpoekTaM Mo BblgeneHnto C02 Ha 3NeKTPOoCTaHUUAX M O4HOro NPOoeKTa Ha 3aBofe Mo npo-
N3BOACTBY H2; nosyyeHHble CBEAEHUS CpaBHMBa/IM C OMYy6/AMKOBAHHLIMU AaHHbLIMU.

5.2 KoHueHTpauma npumecein B notokax C02 OT yrosnibHbIX 3/1€KTPOCTaHL NI

5.2.1 Ta3o06pa3Hble KOMMNOHEHTbI

CocrtaB notoka C02 u, cnepoBaTefibHO, KOHLEHTpauun npuMmeceii BapbUpylTCS B 3aBUCUMOCTU OT MUC-
No/sIb3yeMoi TEXHONOMUN ynasavMBaHus. [bIMOBbIe rasbl MNOC/ME CXUraHUs TBepAoro tonauea cogepxat C02,
SOX 1 gpyrne KOMMOHEHTbI, KOTOPbIE 3aTeM MOXHO BblAeNnTb U3 notoka. icnonb3oBaHne Bo3dyxa A/ CXK-
raHvua Tonsvea onpefenset Hasimune 3HauynTesibHbIX KOSIMYeCTB a3oTa, aproHa 1 KMciopoaa, a Takke OKCuaos
cepsbl 1 asoTa (T. e. NOx, SOx) B notoke C02. TexHoNorum ynaeanBaHns 06bIY4HO NO3BOSAIOT NO/y4aTb NOTOKN
C 02 BbICOKOW 4MCTOThI, HO cofepxalme npumecu, Takne kak 0 2, SOx n NOx. icnonb3oBaHue noaxona ynas-
NVBaHWA «nepeg» CXWraHnem nNpuvBOAWUT K 0Opa3oBaHWl0 npumeceil, obnajallumx BOCCTAHOBUTENbHbIMU
cBoiicTBamu, Hanpumep H2, H2S nnn CO. OgHako gaxe B paMKax OAHOM TEXHO/OMMK y/1aBNMBaHnUs AnanasoH
N3MEHEeHN KOHLeHTpauuii npyumeceili 0YeHb LMPOKUIA [A0 ABYX-TPeX NOPSAKOB (CM. PUCYHOK 1)] U 3aBUCUT Kak
OT CaMOro fnpouecca, Tak U KOHEeYHbIX CTagulii OUMCTKM (Hanpumep, Hanmuua obopynoBaHue AN Aecynbdy-
pauun). CBeeHUs1 0 COAepXaHnn nprvmMeceli B Hambosee LWMPOKO UCMO/b3YEMbIX TEXHOMOMMAX YaBnuBaHNs
CO02 ans anekTpocTaHuuii, paboTallmx Ha yrne, npveefeHbl B ny6nukauuu [81l], B KOTOpOW codepxatcs
CCbINIKM Ha 60NbLIOe KONMYECTBO NybAuMkauwid, BKNOYas OTAesbHble pe3yfibTaTbl N0 KOHKPETHbIM npeanpu-
atuam. B tabnuue 1 npuBeaeHbl AaHHble, OTHOCALWMECS K KOHeYHoMY noToky CO02 (nocne npeasapuTesibHOro
CXXaTusa 1 OYUCTKN).

MpumeuyaHune — T[log TEXHOMOMVSMU YABIMBAHUS «MOC/E» CXUraHWsi B OCHOBHOM MOHWMAKOT TEXHOOMM
XMMUYECKO abcopbumn € UCnob30BaHNEM aMUHOBOTO abcopbeHTa. OnmncaHne TEXHOSOMMIA yiaBMBaHUS He BK/IKOUYEHO
B HacToAWWMI cTaHgapT. MogpobHas uHcopMauysa npyeegeHa B [52).

Ta6nunuya 1— CogepxaHue npuvecein B notokax C02a41a pasMyHbIX NPOLECCOB CKUTaHNUS Y BblAENEHUS Ha Yrofb-
HbIX 3/1EKTPOCTaHUWAX (cm. [81])

YnasnusaHve C02 nocne cxuraHus

Npumecs, ppm, B KMCNIOPOAHOM Cpese ¢ 04ncTKoi Bbigenexnne C02 Boigenexnne C02
€CNN He yKaszaHo [LBoiiHoe P [0 oxuraHnash nocne cxuraHuso)
nHoe apoccenvpoBaHune
MWH. Makc. MWH. Makc. MWH. Makc. MWH. Makc.
Ar, % 06. 0,4 0,61 cnegpl 01 0,0001 0,15 0,0011 0,021
As — — — — 0,00665 0,00665 0,08 0,08
BeHson — — — — 0,014 0,014 0,019 0,019
MeTaHon — — — — 20 200 — —
CH4 — — — — 0 112 — —
Xnop — — — — 17,5 17,5 0,56 0,56
co — — 10 50 0 2000 1,2 10
H2 — — — — 20 30000 — —
H20 — 0 0 100 0,1 600 100 640
H2S/COS — — — — 0,2 34000 — —
HA _ — — — 0,000584  0,000584 0,0249 0,0249
N2, % 06. 1,6 2,03 0,01 0,2 0,0195 1 0,045 0,29
HadoranvH — — — — 0,0008 0,0008 0,0012 0,0012
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OkoHuaHve Tabnuupl 1

Ynasnusaxnne C02 nocne cxuraHus
B KUC/MIOPOAHOW cpefe C 04YMCTKOIA

Mpumecs, ppm,
ecnn He ykasaHo [ABoliHoe

nHoe ApoccennpoBaHne AMCTW-'”HU'MH
MWH. MakKc. MWH. Makc.
NH3 — — — —
Ni — — — _
NO — — — —
NOXx 0 150 5 100
02, % 06. 1,05 1,2 0,001 0,4
Pb — — — —
Se — — — —
S02 0 4500 01 50

a) Boigenenne C02 n3 cuHTes-raza nocne koHeepcun CO B C02,

Buigenenne C02
[0 okuraHmad®

MUH.
38
0,009

400

400

0,0045
0,0135

25

Makc.
38
0,009

400

400

0
0,0045
0,0135

25

b) BelgeneHne C02 13 AbIMOBbLIX ra30B MOC/Ie FOPEHNs B NMPUCYTCTBUAN BO34YyXa.

MpnmevyaHne — 3HaueHUs «O» ykaszaHbl B [81]).

[na npouyecca cxuraHusa B n3bbiTke kucnopoga (cMm. [81]) 06beANHUIN MHOXECTBO AaHHbIX N0 NPOMbILL-
NEHHbIM 1 UCCNefoBaTebCKMM MPOEKTaM, B T. Y. UBMEPEHUS, KOTOPbIe NPOBOAWIN HA NUIOTHOM NPOeKTe Npo-
MbILW/IEHHOIO ynaBnneaHusa gnokcuaa yrnepoga (cm. [7], [111]). Ana npouyecca CxuraHust B M30bITKE KMCIOPO-
Aa (cm. [81]) Takke npeacTaBuNmM AaHHble Ans HeobpaboTaHHOro notoka CO2 (3TM AaHHbIE HE MpPUBEAEHbI Ha
prucyHke 1). 4nsa 3TX npoueccos aTan npefsapuTenbHoro cxatus (o1 15 go 30 6ap) 06bIYHO BbINOAHAMN A0

nnn BO BpeMA OYUCTKWN.

MoapobHble gaHHble 0 cocTaBe notoka C02 Ha pasHbIX 3Tanax npouecca ynasnmeaHusa (cm. [81]) co-
6pann Ha nNUNoTHOI ycTaHoBke B LUBapue MNymne: 40 o4McTKM ymcToTa notoka CO02 coctasnsana 87 %, co-
aepxaHune 02— 4 %, nocne O4MCTKM pekTudukaymeii ynctota notoka coctasmnna 99,9 %, a cogepxanue 02
MeHee 0,001 %; koHueHTpauusa SOX cHusmnacb ¢ MeHee 30 ppm A0 OYUCTKM A0 MeHee 1 ppm nocsie OYUCTKAN.

Bbigenenne C02
nocne cxuraHnan

MWH. MakKcC.
0,002 0,002
20 38,8
(1,5 N02) ’

0,0035 0,015
0,001 0,001
0,31 0,31

1 67,1

KoHueHTpaumsa NOx coctasnana meHee 350 ppm A0 O4YUCTKM U MeHee 10 ppm nocse O4YUCTKW.

Y — cogepxaHue npumveceii, ppm;
|Q ~j— nopTep n gp. (2015 r.) n gaHHble ISO/TC 265 (2017 r.);
O — npoekT Callide (Spero, 2018)

PucyHok 1 — CopgepxaHue npvumeceil B notokax C02419 NpoLEeCcCOB CKXUraHUs B NPUCYTCTBUM M3BbITKa KMCI0poaa
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MpumMmeyaHne — [N9 AEMOHCTPALMOHHOI ycTaHoBku Callide ykasaHbl MakcuMasibHble 3HaueHns ans CO,
NO02u S02 (cm. [15)]).

KoHueHTpauun npumeceii B notokax C02, NoslyYeHHbIX B XO4€e YNaB/MBAHUS «NOCAE» CXUTaHWs, npu-
BefleHbl Ha pUcyHke 2.

105
104

103 EH o

101 T T f
10- e ¢

1q1

102 | | | I | | I =
CcoO HoO No 0, NH3 NOx S02

Y — cogepxaHue npumeceit, ppm;

i__J— noptep n ap. (2015 r.) n aaHHble ISO/TC 265 (2017 r.);

O — SECARSB;

+ — Germany;

O — CSIRO Loy Yang;
X — CSIRO Tarong

PuycyHok 2 — KoHueHTpaumn npumeceii B noTokax C02, NoyYeHHbIX B X0A4€ Y/1aB/mBaHua nocne oxuraHms (cm. [81])

MpumeuyaHne — CTPE/KM HA PUCYHKE 2 YKA3bIBAIOT HA M3MEPEHNS], 3HAUEHNISI KOTOPbIX HIDKE NPEeaesioB 06-
Hapy)XeHUs1 /151 [aHHOTO BELLECTBA M METOZA €r0 ONpeaesieHus.

MpeacTaBneHHble AaHHble MOKa3blBalT BbICOKYD WU3MEHUYMBOCTb KOHUEHTpauuii npumeceii B 3aBUCU-
MOCTM OT TEXHOJIOTMW YyNaB/IMBaHUSA, a TaKkKe OT KOHUrypaLmm npouecca Ha KOHKPETHOM 0b6bekTe. [aHHbIi
hakT AonoNHMTeNbHO obeyxaaeTcs B 5.4.1.

5.2.2 MwuKpo3anemeHTbl B notoke C0O2

MeTannsl B noTok C02 nonagarwT U3 UCNOMNb3YEMOrO Cbipbs WK TONAUBA (Hanpumep, yrns). M3-3a Hu3-
KO/ KOHUeHTpauuu B noToke CO02 ux HasbiBalT MUKPO3/1IEMEHTAMU UNN C/Ief0BbIMU KONUYeCcTBaM1U MeTasioB
(TME). PTyTb MOXeT npucyTcTBOBaTb B NoTokax C02 Kak B npoueccax BblAeNeHUs «[0», TaK U «MOC/e» CXU-
raHua (cm. [40]).

Mo pesynbTatam MogenupoBaHus yTBepxaaeTca (cMm. [9]), 4To B ra3oBoii hase B 3HAUUMbIX KOHLLEH-
Tpauusax MoryT npucytcTBoBatb Ha u Se. Vimewowmecs 3HayeHUs KOHLEHTpauuili MeTassioB NpuBefeHbl B
Tabnuue 2.

Tabnunya 2— MukpoaniemeHTbl B notoke CO2 npy UCNosib30BaHWN YISt B kadecTse Torsmea (cm. [81])

YctaHoBka no ynasnvsaHuio CO02 13 AbIMOBbLIX ra3oB
KomnoHeHT «nocne» ropeHns B NPUCYTCTBMU BO3AyXa C UCMONb30BaAHUEM
MOHO3TaHoMaMuHa (CM. [27], oueHoYHble faHHble)

CpepHue 3HaYeHWs 13 pas/iMyHbIX
UCTOYHMKOB, (cM. [7]—[9], [8] u [33])

C02, % 06. 99,7 _
Hg, ppm 0,00069 0,0028
As, ppm 0,0055 0,0022
Se, ppm 0,017 0,0122
Mn, ppm — 0,03
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OkoHuyaHve Tabnuupl 2

YcTtaHoBKa no ynasnusaHuio C02 13 AbIMOBbIX ra3oB
KoMnoHeHT «nocsie» ropeHusi B NPUCYTCTBUN BO3AyXa C MCMOJ/Ib30BaHNEM
MOHO3TaHoNamuHa (CM. [27], OLeHOYHbIe faHHble)

CpefHue 3HauYeHns U3 pasinyHbix
NCTOYHMKOB, (cM. [7]—[9], [8] n [33])

N, ppm — 0,002
Pb, ppm — 0,0011
BeHson, ppm — 0,019
HadprasiH, ppm — 0,0012

Ons pTyTM B MCTOYHUKAX OblNN HalAeHbl TOMbKO OLEHOYHble 3HaudeHus (cm. [39], [27], [9], [99]). 3Ha-
YeHUss OYeHb HM3KMe (MHOorga Hke npefesnioB 06HapyXeHWUss) U AEeMOHCTPUPYHOT BbICOKYD W3MEH4YMBOCTb
(cMm. pucyHOK 3). YuuTbiBas TOKCUYHOCTb PTYTW, oneparopam npegsaraetcsd BHMMaTelbHO OTHOCUTLCA K 3TUM
OaHHbIM 1 NOATBEPAUTL UX U3MEPEHUSMU Ha MecTe. YaaneHve pTyTn u3 notoka CO02 nponcxoauTt Ha nocne-
AYOLWmNX CTagmaX CXaTnsa/oCyL KM, HO OCTalTCA HeonpeaesIeHHOCTU, NOCKONbKY PTYTb MOXET NPUCYTCTBOBAaTb
Kak B ra3oBoil pase (M3-3a BbICOKOM NeTyyecTun), Tak 1 B chase TBEPAbIX YacTuL, aAcopbupoBaHHbIX aspo3o-
namn (cm. [27]).

0,0030

0,0025

0,0020
0,0015

0,0010

0,0005

0,0000

1BAGHG (2004)  Shah 2010 ECGD 2011, Apps2006,  Apps 2006, JGCC IEAGHG (2004)
oxycombustion Oxycombustlon postcombustian Postcombustion IGCC

PucyHok 3 — OueHOUHble 3HAYEHMs1 KOHLEHTpaumii Hg, ppm, B notokax C02, ynaBinBaeMbIX Ha YrosbHbIX
3M1EKTPOCTaHUMSAX C UCMOSIb30BAHNEM Pa3/INYHbIX TEXHONOTWIA (cM. [33])

B oT/iMume oT meTannos, coepXaHue opraHu4yeckux coeguHeHuii 06bIYHO He UMeeT NPsSMOR 3aBuUCU-
MOCTM MeXAy 3/IeMEeHTHbIM COCTaBOM WMCXOAHOr0 Matepuana v nocneaylouleli KoHueHTpaumeid B notoke C02.
KoHUEeHTpaums opraHuM4yecknx coeguHeHunii 06bIYHO OYeHb HU3Kas W CUIbHO 3aBUCUT OT YCNOBUIA MPOMBbILL-
NeHHbIX npoueccoB (obpasoBaHne n ynasnusaHme CO02). MNMpumepbl KOHUEHTpauuii 6eH3ona n HadTaamHa
npuseseHsl B Tabnuue 2.

5.2.3 TBepable yacTnubl B Nnotoke C0O2

TBepAble YacTuubl MOTYT OKasaTb BJ/IMSIHWE Ha 3KCnyaTauui HaCOCHOTO M KOMMNpeccopHoro obopyno-
BaHWA. TBepApble YacTuubl B ra3oBbIX NMOTOKaX MOTYT 3HAYMTESIbHO YBEIMYUTL N3HOC HACOCHOIO U TYPOUHHOIO
060pyAoBaHNS, UCNONb3YEMOr0 A8 CXaTus rasoBbiX NOTOKOB, WM ANS TpaHcnopTupoBaHus (Komnpeccop-
Hble CTaHLMM), OCOBEHHO ec/n HeobX0AMMbl BbICOKME AAaBfIEHWUS W BbICOKME CKOPOCTM TpPaHCNOpPTUPOBaHMUA
XUAKOCTU. TBepAble yacTuubl B BUAE MbIAM MOTYT NPUCYTCTBOBATL B notokax C02. TBepAble yacTuubl MOryT
06pa3oBbIBaTLCA B pesyfibTaTe NpPOLEeCcCOB CKUraHWsa WK MpoLeccoB ynas/MBaHUSA. YNaBnuBaHve «nocne»
CXWUraHus ¢ NPUMEHeHNneM pacTBOPOB aMWHOB MOXEeT MPMBECTU K nonajaHuio kanenb abcopbeHTa B ra3osble
noTtokn. Takxe notok CO2 MOXeT NepeHOCUTbL NPOAYKTbI KOPPO3UMK.

5.3 [dunanasoHbl KOHUEHTpauuii npumeceit OT NPOMbILI/IEHHbLIX MCTOYHMKOB BbIGPOCOB

MpPOMbILLSIEHHbIE OGBEKTbI BbIAENSAOT 3HAUNTENbHOE KosimyecTBo C02. MOXHO BbIZENUTL ABA TUNA Mpo-
MbILLMIEHHBIX NPeANpPUATUIA.
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1) DHeproemkne Npou3BOACTBA, T. €. 06BEKTLI, TpebytoLwe 60bLIOro KonmMyecTsa Tenna nnam gpyrmx
BWA,0B 3HEpPruy, Hanpumep LUesso/103Ho-6yMaxHble KoMOMHaTbl v Npou3BoACTBa Mo nepepaboTke cTekna.
[na Taknx Npou3BOACTB MPUMEHEHWEe TEXHOMOTUNI yNnaBiMBaHUSA «[0» WU «MOCNe» CKUraHMs conocTaByMO
C VX NPUMEHEHNEM Ha 3NEeKTPOCTaHUMAX, a KOHeYHbI cocTaB noToka C 02 3aBMCUT OT cocTasa Tonauea, npo-
LEeccoB ynas/iBaHUA N OYUCTKM.

2) MNpoun3BoAcTBa, B KOTOPbIX 06pa3sytoTca notokn CO2 nepeMeHHOro coctasa, Hanpumep npov3BoACTBO
H2, uemeHTa 1 u3BecTu, MeTannypruyeckne KOMOMHaTbI 1 GMOrasoBble 3aBOAbI.

B 060ux cnyyasx npMMeHUMbl pas/inyHblie BapuaHTbl ynasnavBaHusa CO02, KOTOpble MOXHO WHTErpupo-
BaTb B MPOM3BOACTBEHHbIE Npouecchl. NMpumeHeHne CCS-TeXHOIOMNI B NPOMBbILL/IEHHOM CEKTOpPE MOXET obe-
crneynTb cokpalleHue Bbi6pocoB Ha 50 % (cm. [38] n [36]).

Mo cpaBHeEHWIO C MHOPMaLMeER Mo 31eKTPOCTaHUUAM, ONUCaHHbIM B 5.2, Ha ApYr1MX NPOMbILLIEHHbIX
ob6bekTax MMeeTcs MeHblle AaHHbIX O cocTaBe NoTokoB CO02. OgHa U3 NPUYUH 3aki4vaeTcsd B TOM, 4TO
nepeble MUIOTHbIE YCTAHOBKM ANA ynasanBaHus CO02 Ha NPOMbIWIEHHbIX NPeanpuaTUAX 6bian co3aaHsbl
HeJaBHO.

5.3.1 LlemeHTHasa NPOMbILWIEHHOCTb

LleMeHTHas NpOMbILINIEHHOCTb ABMSETCA OAHOW M3 KPyMnHelwnx B Mupe no Bbibpocam C02. Mpounssoa-
CTBO LIEMEHTa OCYLLeCTBNAETCA Ha KPYMHbIX 3aBofdax Y COCTOUT U3 BYX OCHOBHbIX 3Taros:

1) o6xur unn gekapboHm3aums NUCXOL4HOTO CbiPbA TPaAWLMOHHO NPOM3BOAUTCA BO Bpallatolwmxca ne-
Yyax, Ha COBPEMEHHbIX NPOMU3BOACTBAX OCYLLECTB/IAETCA B MHOTOCTYNEeHYaTbIX LUKNOHHbIX Ten/10006MeHHuKax
(Hanpumep, cm. [18]);

2) 06XUT KIMHKEPa, KOTOPbI NPeMMyLLECTBEHHO OCYLLECTB/ISAETCA BO Bpawarowmxca nedax (cm. [114]).

Ha npouecc o6xura npmxogutcs okono 60 % o6wmx BbibpocoB CO2 3aBoga, a ocTaBllasica 4vacTb
NPUXOAUTCA Ha 3MUCCUIO NPV NMPOU3BOACTBE 3Heprun. fNpouecc obxura Cbipbs U KINHKepPa 06bIYHO OCYLLECT-
B/ISE€TCA 3a CYeT yrnsa u/uam npoaykToB nepepaboTku oTX0A0B (KMBOTHASA MyKa, OCafku CTOYHbIX BOA U Ap.).

Crtpaternn ynasnusaHms C02 Ha LeMeHTHOM 3aBOfe BK/I4YalT y/aBfMBaHWE MOYTU YMCTOrO MOTOKAa
CO02 o1 npouecca obxura. Apyrum BapvaHTOM SIB/ISETCSA Tak Ha3blBaeMblil Ka/ibLMEBbLIA LKA, B KOTOPOM B
kadyectBe abcopbeHTa UCNosb3yloT HeraleHy U3BecCTb.

KoHueHTpauusa C02 B AbIMOBbIX rasax LeMeHTHbIX 3aBogoB coctasBnsdet 15 % — 30 % (Hanpumep, CMm.
[18]), uTO BbIWe, YeM B AbIMOBbIX ra3ax 3/1IEKTpoCTaHLMiA, paboTalwmx Ha nckonaemom Tonamee. CocTtaB no-
Toka CO02 nocne ynasnueaHWA 3aBUCUT OT TOrO, rae v kak ynasnuBaetca C02, a Takke OT Tuna CXuraemoro
TON/MBa U ero cocrasa.

LilemMeHTHas MpOMbILW/IEHHOCTbL MPOBOAUT WCMbITaAHWA Mo ynasnueaHWio CO02 Ha 3kcnepuMeHTasbHbIX
yCTaHOBKax B HECKO/IbKMX CTpaHax, BkIwyas Hopeeruto, benbruwo, CLUA n Kutali (Hanpumep, cm. [60], [56]).
[o cux nop He ony6nukoBaHbl AaHHble O cocTaBax NoTokoB C 02, yaB/MBaeMbIX Ha MUMNOTHbIX YCTAHOBKaX.
PacueTHble/cMogenMpoBaHHble 3HavyeHUss coctaBa notoka C02 npu ynaBnnBaHUM «nNocse» CXUraHus C Uc-
NnosIb30BaHMEM aMWHOBOI OYMCTKM Ha LEMEHTHOM 3aBOAe NpuBeAeHbl B Tabnuue 3 (a4na nHdopmauun).

Tab6nuuya 3— CmoaenMpoBaHHbI COCTaB NMOToKa A1 3aBoJa MO NPOM3BOACTBY LieMeHTa (cm. [27], [81])

BelecTBo n2 H20 02 Ar co no?2 S02 Se As Hg

CopgepxaHue, ppm 893 640 35 n 1,2 0,86 <0,1 0,0088 0,0029 0,0007

5.3.2 YepHaa meTtannypruvs

CyLuecTByeT HECKO/IbKO BapuaHToB ynaBnunBaHus C 02 U3 JOMEHHOrO rasa B YepHoi metannyprum. [o-
MEHHbII ra3 MOXHO o6GpabaTbiBaTb «nepea» CXKUraHMeM HecKonbkumu cnocobamu. Hambonee pacnpoctpa-
HEHHbIMU SABASAIOTCA NPOLLECChl XMMUYECKON nnu hmsnyeckoin agcopbuun 6e3 4onosHUTETbHOMO cxaTtus. Apy-
roii npowecc 06paboTkM AJOMEHHOIO rasa «nepef» CKUraHmem BKI4YaeT uabTpauuo, cxaTue, HacblleHue,
nepemelleHne, oxnaxaeHue n otaenedne C02. PesynbTupyowmini notok C02 6yaeT aHanormyeH no cocrtaBy
MOTOKY, NOJIYYEHHOMY B pe3y/ibTaTe ynaBnBaHus «nepen» CKUraHUMeM Ha YrosibHbIX 3/1EKTPOCTaHUNAX (UHTe-
rPMPOBaHHbIA KOMOUHUPOBAHHBIA LMK rasudmkaumm yrns — IGCC), B kauecTBe npumepa MOXHO NPUBECTM
anektpocTaHumio Nuon B ByrreHyme (cm. [30]).

Mpn peanusaymm nogxoga no ynaBAUBaHUID «MOCNE» CXUIaHMA MOXET OblTb UCMO/b30BaH OMNbIT 3/1€K-
TPOCTaHLMA, OCHALLEHHbIX aHANOMMYHbIMW YCTaHOBKaMM.

B LOMEHHbIX Meyax BbINAABASAKT YyryH, a Nnpu NPOM3BOACTBE CTa/iM TPEOYETCA CHWXKEHME copepXaHus
yrnepoga B yyryHe. Hauwbonee yacTto g1 3T0ro UCNosb3yT NpoLecc Npou3BoAcTBa CTaiu B KUC/IOPOLHON
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cpege (BOS), v npn aTom o6pasyetcs ras, 6oratbii CO n C02. IbiIMOBO ra3 OT CXuraHusi rasa, KoTopblii 06-
pasyeTcs npy NPOM3BOACTBE CTa/IM B KNC/IOPOAHON cpefe, ABASeTCA NoAXOAALMM KaHAuAaTOM ANS ynaBnu-
BaHuA 13 Hero C02. MpoekT 3D, dmHaHcupyemsblii H2020, ctaptoBan B mae 2019 r. B [ItoHKEPKe BO ®dpaHLmK,
4TO6bI NPOAEMOHCTPUPOBATL BO3MOXHOCTb MPUMEHEHUSA TEXHO/I0TUKN ynasnnBaHus, paspabotaHHyto IFPEn u
Ha3BaHHyt0 DMX. OCHOBHOI1 Uefblo NpoekTa sBnseTcs ynasnmeaHne C02 n3 4bIMOBOrO rasa AOMEHHON neun.

5.3.3 lpoussoAcTBO BOAOpOa

MoTtok CO02, ynaBnvBaeMblil Ha ycTaHOBKax Mo npoussBoAcTBY H2 B npouecce napoBoro pudyopmuHra
MeTaHa, 06bI4HO MMEET BbICOKYK 4ncToTy (60s1ee 99 % 06. C02). MNMpouecc NapoBoii KOHBEPCUM MeTaHa Mo-
[ob6eH npoueccam, WUCMNosb3yeMblM B yCTaHOBKax BblaenieHna C02 «4o» CXuraHus, 3a UCKNOYEHUEM TOro,
4TO OObIYHO ChipbeM AN npousBoAcTBa H2 aBnseTcAa NpupoAHbIi ras, a He yrosb. [NpupogHblin ra3 o6bly-
HO MPOXOAWUT MNpeABapuUTENbHY OYUCTKY AN1a yaaneHus 6onbweii yactm H2S, IM 1 C02 B COOTBETCTBUM
C cyuwecTBylowmMn TpeboBaHusamu. B npouecce, ocHoBaHHOM Ha abcopbuun, cnefbl MeTaHona M amMWHOB
MOryT npucyTcTBOBaTb B NoToke C02 B 3aBUCMMOCTU OT NpumMeHsieMbix abcopbeHTOB. B kayecTBe npumMepa
B Tab/mue 4 nokasaHbl OLEHOYHble 3HayeHus cocTtaBa notoka CO02 ana gemoHcTpaunoHHoro CCS-npoekTa
B Tomakomae (HAnoHus). VictouHukom CO02 ABASOTCA OTXO4AWME rasbl NOC/e YyCTaHOBKU KOPOTKOLMK/IOBOIA
agcop6bunn (PSA— Pressure Swing Adsorption) Ha He(pTenepepabaTbiBaloLleM 3aBoje, a ynasnmBaHme C02
OCYLLEeCTBAETCA C MOMOLLbI aMUHOBOI OYUCTKU.

Ta6nuuya 4— CoctaB notoka C0O2(Tomakomaii, AnoHMsY)

BelLecTBo H2 CH4 co N2 °2 co2

CopepxaHve, % 06. 0,22 0,06 0,02 — — 99,7

5.4 O6cyxaeHne npeacTaB/ieHHbIX AaHHbIX

5.4.1 N3meHUYMBOCTb cocTaBa notoka C02

KoHueHTpaumm npumecein B notokax C02 CUMbLHO pas/iMyatoTcs, NMOCKOMbKY Ha MX COAEepXaHue BvseT
MHOXeCTBO (DaKTOpPOB: COCTaB UCNOMb3yeMOro TOMANBA U Cbipbs, PEXUM PaboTbl TEXHOMOMMYECKOTO 06beKTa,
TEXHOJIOTMA Y/1aBNUBAHUA U 3Tarbl OYUCTKMN.

JocToBepHO ycTaHOB/IEHO, YTO MpPOLEecChl MonydYeHns un ynaenvsaHna C02 BAUAIOT Ha KOHUEHTpaLuuio
npumMmecei B BblaesieHHOM notoke CO02. Kpome TOro, A1 CHUXEHUS KOM4YecTBa npumecein MOXHO UCNoJsib30-
BaTb AOMNOJ/IHATENIbHYIO OUYUCTKY NyTem Aecynbypaunn (obeccepusaHns), yaaneHme 30M1bl/4acTul, CHIKeHne
cogepxaHns NOX B AbIMOBbIX rasax, Wwau germgparayuio. 3Tanbl OYNCTKU MOC/e ynaBAuBaHuA TpeodytoT
LOMNONHUTENbHBIX (PUHAHCOBLIX W 3HEpreTUYeckux 3aTpar u, crefoBaTesfibHO, onepaTop AO/HDKEH ONTUMWU3U-
poBaTb onepauuy no oymctke notoka C02, AnA TOro YToO6bLI NMOMYYUTL NMOTOK MPUEMSIEMOIO KayecTsa Mo pas-
YMHOW LeHe. OnepaTopbl Takke MOryT pacCMOTPeTb BO3MOXHOCTb NMPOBEAEHUSA TEXHUKO-39KOHOMUYECKUX UC-
CNnefoBaHU ANs KOHKPETHbIX MOoWaf0K COBMECTHO C MPOBEAEHWEM WUCC/e40BaHUA PUCKOB U BO3MOXHbIX
HeraTMBHbIX BO34ENCTBUIA, YTOBbI aganTMpoBaTb M ONTUMU3NPOBATL cocTaB noToka C02 (cm. Takke 8.1).

KoHueHTpaumm npumeceli B ynoBieHHOM notoke C 02 3aBUCAT npexae Bcero oT Lesieil oneparopa no
JanbHellleMy UCNONb30BaHWIO BbIAENEHHOTO AUOKCMAA Yyriepoja u npouecca ynaesnuBaHus. Llenu onepa-
TOpa 3aBUCAT OT KOHKPETHOro MPOeKTa, HO Mpu 3TOM i) HeobxoaumMo cobnwgaTb TexHU4eckne TpeboBaHNA K
TpaHcnopTMpoBKe U pasmeleHntio C02 u ii) opuanyeckne orpaHuUYeHns, KOTopble Hanpas/eHbl Ha obecneve-
Hve 6e3oMmacHOCTV 1 NpeAoTBpaLleHne BO3AENCTBUS Ha OKPYXAIOLLY Cpeay.

UT06bI CHU3UTL CTOMMOCTb Y/1aB/MBaHNSA, 66111 pa3paboTaHbl NOAX0Ab! NO 3aKavke U pasmelleHno SOX
n NOx coBMecTHO ¢ C02. OgHako B X0f4e MWUAOTHbLIX UCAbITaHWU/A NO TEXHUYECKMM NpUYMHaM 6bl1I0 NPU3HAHO
uenecoobpasHbiM yaanatb SOx, NOx u gpyrvme npumecun us notoka C02. 9pheKkTMBHOCTb NpOLEeCcCcoB ynaB-
NINBAHUA 1 OYNCTKM COBEPLUEHCTBYETCHA CO BpemMeHeM. 1o 3TMM npuyMHaM HOBble Npouecchbl (Mv NUIOTHbIE
YCTaHOBKM) 06bIYHO NMPOM3BOAAT NOTOKM C 02 BbICOKOI YMCTOTbI. DTO NoKasaHo B [32], rae npoaHaiM3mpoBaHbl
pe3ynbTaTbl, ony6sMkoBaHHble Ao n nocne 2007 1., 0C0O6EeHHO B OTHOWEHMK cogepxaHunsa SOx, NOx, NH3, H2S
B noTokax C02. HacToAwWwmin cTaHAapT Takke oTpaxaeT 3Ty TEHAEHLUNIO, MOCKO/IbKY TPe6OBaHNSA K KOHLLEHTpa-
unn npumeceii AN8 HOBbIX NMPOEKTOB YCTAHOB/IEHbI HWKE ONYB/IMKOBaHHbIX paHee 3HauYeHwui.

5.4.2 CTtabunnbHOCTb cocTaBa noToka C02 1 BO3MOXHble XMMUYECKNE peakLumn

CoctaB notoka C02 nocsie ynasnnmsaHna MOXeT BNOCNeACTBUN U3MEHUTLCA U3-3a:

1) oxkatma M KOHAWUWMOHMPOBaHWA, T.e. MyTEM U3MEHEHUS LAaB/IEHUS W TeMnepartypbl, 4TO B CBOK Oue-
pefb NPMBOAUT K U3MEHEHWIO PACTBOPUMOCTU npuMecei B notoke CO02;
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2) pancHelwein oYNCTKW, T.e. NyTeM MNpeanosiaraemMoro yaaneHus O4HOI0 WM HEeCKOSIbKUX MPUMECHbIX
KOMIMOHEHTOB;

3) peakumnii npumeceit gpyr c gpyrom;

4) peakuuin npumeceli C oKpyXxawlLleii cpefoil, Hanpumep Co CTEHKONM Tpybonposoga Wan nog3eMHbIMr
BOZaMM.

3Tn npoueccbl MOryT NPMBOAUTL K 06pa3oBaHui0 HOBbLIX ha3, Hanpumep, M3-3a KOHAeHcauuu KMCNoT
nny obpasoBaHMA 3IEMEHTApPHOlM cepbl, B 3aBUCMMOCTM OT MepBOHA4YasibHO MNPUCYTCTBYIOLLMX MNPUMECEN.
®a3oBoe paBHOBecue Mexgy notokom CO02 u HOBbIMU haszaMy MOXET CMEeCTUTbCS, ecnu 3tu doasbl 6yayT
B Aa/IbHElLEM pearmpoBatb C 3alMTHOIN 060/I04KON U/MNN OKpYXaloLein cpeaoli, Kak, Hanpumep, npu Kop-
po3un Tpy6 (cMm. 5.2.1). Bbiio nokasaHo, 4To S02 MOXeT ocaxAaTbCA B BUAE 3/IEMEHTApPHON cepbl B Npwu-
cytctBunm NOX (cm. [1]). B npucytcteun H20, SOx, NOx 1 0 2 moryT o6pa3oBbiBaTbCA U KOHAEHCUPOBAaTLCS
cepHas u/vnu asoTHas KACNOTHI.

CkopocTb 06pa3oBaHns U KOHAEHcaUuy KUC/MOTbl, a Takke TOYHbIA COCTaB KOHAEHCATOB CU/IbHO 3aBu-
CAT OT cocTaBa u temnepatypbl notoka C02 (cm. [95]).

Ecnn cmewwmBatoTca notokn CO2 pa3Horo cocrasa, TO B Tpy60npoBoAe MOryT NPOMCXOAuTb LOMOSMHU-
TeNbHble peakuun, HanpumMep, ecnu notoku C02 cogepxaT MPUMECH C Pa3/IMYHON XMMUYECKOW aKTUBHOCTbIO
(cm. 8.1).

[ns nporHo3npoBaHusa (reo-)TEXHUYECKM 3HAYUMbIX peakuuii He06X0AMMO UCMOb30BaTb MOAENMpPoBa-
HYe, 4ToBbl NPU HEOBXOANMMOCTU MOXHO 6b1N10 aganTupoBaTb cocTaB notoka C02. OgHako COOTBETCTBYOLLEE
npefckasatesisHoe MoAeNuMpoBaHMe B HacTosLlee BpemMs 3aTPYAHEHO U3-3a OTCYTCTBMSA AaHHbIX MO KMHETUKE
peakuun npy gasneHUsax 1n Temnepatypax, BO3HMKalOLWMX BO BPEMS TPAHCMOPTMPOBKY, 3aKayky u pasmelle-
HVA. JTabopaTopHble 3KCNEPUMEHTbI Y 3KCNEPVMEHTbI MO 3aKayke Ha MecTe MOryT NoMoYb oxapakTepusoBaTb
BANSIHWE pasinyHbIX npumecein B notokax C02 Ha paboTy n 6e3onacHocTb CCS-npoekTos.

6 BosgericTtBue npumeceii

PasHble npumecn 06/51a4al0T pasHbIMU (OU3NYECKUMU U XMUMUYECKUMYK CBOMCTBaMU. MpucyTCTBUE NpU-
meceli B C02 MOXET oKasblBaTb B/VSHUE Ha (hU3NUYECKMEe, XUMUYECKME, MUKPOBMOSIOTNYECKE U TOKCMYECKUE
cBoiicTBa NoToka, paccMaTpuBaemble B laHHOM pasfesne. BosHukaouine adhekTbl 3aBUCAT OT NPUPOALI Npu-
CYTCTBYIOLMX NpUMecel M MX KOHUEHTpauuii. MMocKonbKy pasnunyHbie NMpUMecu MoryT B3auMOAeNCcTBOBaTb
APYr C ApYyroM, TO CBOWCTBA W BAWSIHUE OTAE/bHLIX MPUMECE Heob6X0AMMO paccMaTpuBaTb He TOJIbKO MO
OTAENbHOCTU, HO U B COBOKYMHOCTMU.

6.1 ®Punanyeckme BO3QENCTBUS NPUMECEN

6.1.1 O630p

Mpumecn MOryT BAUATL Ha TePMOAUHAMWYECKME W TPaHCMOPTHble CBOWCTBa (Tensodusmyeckme
cBoiictBa) notoka CO02. Mpu CHWXeHUN 3PeKTMBHOCTN TexHonormm CCS wn yBeIMYEHUW CTOMMOCTHU
CCS-npoekTta hmsnyeckoe BAUSHME MpUMeceli MOXeT MPUBOANTb K 3HAYMTE/IbHbIM NOCMeACTBUAM, NO3TOMY
NnosiIe3HO OLEHWTb M NpefckasaTb 3T0 BAMsAHME. Huxe nepeynciieHbl HEKOTOpPble Hanbosiee 3HaunMble pusn-
yeckme napameTtpbl notoka C02 (cm. [71]):

- (ba30BOe paBHOBecue. [A30XUAKOCTHOE paBHOBeCcUe onpedenseT, HanpuMep, MakcumasbHoe AaBJie-
HVe, Npu KOTOPOM MOXHO 06HapYyXWUTb ABYX(a3Hoe cocTosHue, a ansa cucremol C02-Boga akTyaslbHO paBHO-
BECUE XUNAKOCTb—XUAKOCTb, TaK Kak NosiBfIeHne BOLOHACHILLEHHON (ha3bl CUNBHO BAMSET HA KOPPO3UIO;

- NIOTHOCTb ABMISIETCA BaXKHbIM NapamMeTpoM A5 pacyeta TPyobonpoBOAOB, OnpefeneHns pasMepos
€eMKOCTel, KOMNpeccopoB 1 HacocoB. OHa HeobxoArMa Takke A1 KOMMEpPYECKOro yyeta, ecnu NpuMeHsIoT
cyeTymkn ob6beMHOro notoka. Kpome Toro, crnepyeT yuuTbiBaTb, YTO NpyY 6OMbLIEA NNOTHOCTU HarHeTaemoro
BeLlecTBa pesepByap-xpaHunuiLe MoxeT BMellaTb 60/bLUY0 ero Maccy;

- BA3KOCTb Heobxoauma ANns pacyeTa nepenaja fasfeHus B Tpybax npu npoekTupoBaHUmM TeXHonoruye-
CKOro obopyzoBaHus v Npyv MOAENNPOBAHUN TeYeHUs B NOA3EMHbIX Miacrax;

- TEN/I0NPOBOAHOCTbL U TENSI0EMKOCTb HEOOXOAMMbI A5 pacyeToB Tensonepegayn v NPOeKTUpPoBaHUS
Ten1006MeHHNKOB.

BbilenepeyncneHHble CBONCTBA B OOMbLUEA UM MEHbLUER CTeneHn 3aBMCAT OT cocTaBa notoka CO2.
MocneacTsus Ana TpaHCNOPTUPOBAHUA W pasMeLleHns onucaHbl B 6.1.2 1 6.1.3 cOOTBETCTBEHHO.

MoTeHUManbHOe BO3AElCTBME MOryT OKa3biBaTb TBEPAble YaCTWLbl, €C/IM OHU MPUCYTCTBYIOT; Kak yka-
3aHo B 5.2.3, TBepAble 4acTuLbl BbI3bIBAKOT 3arps3HeHne KOMMNPECCOPOB Npu pa3mMepax 4actul, MeHee 1 MKM.

n
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BonbLlimnii pasmep yacTul, 4ONYCTUM TOJSILKO B TOM C/y4Yae, eCcin 3TU YacTulbl SBAAOTCSA TBEPAbIMUA U OTHOCK-
Te/IbHO CyXUMMK, Tak Kak OHW He ByayT ar/ioMmepupoBaTbCA Ha MOBEPXHOCTAX poTopa Komnpeccopa.

[nsa ypaneHua yacTtuy, UCNoMb3yT pasfinyHble unbTpbl. Pasmep yactul, M UX KOHLEHTpauuu B Mno-
TOKe onpefenseT napaMeTpbl UCMO/b3yeMbIX (OULTPOB: YEM MeflbyYe YacTulbl U YeM Hke Tpebyemble KOH-
LueHTpauuu, Tem Bbllle nepenaj fasfieHus, pasMmep uabTpa, 3HepronoTpebsieHne n CTOMMOCTb UbTPA.
B CnoxHbIX cAyyasax Heckofibko MbTPOB 475 TOHKOW OYWUCTKM crepyeT pacnonaratb nocsiefoBaTenbHoO.
MopucTble unbTpyOLWMe MaTepuasbl CO BpeMeHeM 3acopslTcsa yacTuuamu, 4To TpebyeT uxX 3aMeHbl uav
akTmBaumun. MNopucTble nopoabl Takke AeNCTBYIOT Kak huibTpbl. HEKOTOpbIE YacTuLbl, TakMe Kak OKCuAbl Lie-
JIOYHO3EeME/IbHbIX MeTaslIoB, NPUANNAKT K BNaXKHbIM MOBEPXHOCTAM. [Mpy 3TOM OHW MOTYT KoarynmposaTb/
arfiomepupoBartb, pearvpoBaTb C BOAOI ¢ 06pa3oBaHMeM FMAPOKCUAOB UM 6ukapboHaTOB. TN OT/IOKEHMSA
MOTYT CHU3WUTb NPOHULAEMOCTb W NPUEMUCTOCTb Kosektopa. Mo3aToMy yYacTuubl 06bIYHO YyAANAT U3 MOTo-
koB C02 nepep 3akauykoli. TexHuyeckoe obcnyxusaHue uabTpa npoLle, Yem BOCCTaAHOB/IEHME MOA3EMHOr0
pesepByapa. BnvsHue TBepabix YacTuy, ganee He onucbiBaeTcs, HO B 6.2.1.2 n 6.2.2.1 obcyxgaeTcs BAMsHue
KOpPPO3uW Ha HarHeTaTe/lbHble CKBaXWHbl, YTO MOXET MPUBECTW K 3aKayke TBEepAbIX YacTul, B MniacT.

6.1.2 BnvsHue npumeceii Ha TpaHcnopTupoBKy CO02Tpy6onpoBOAHLIM Y MOPCKUM TPaHCNOPTOM

Hanuume npumeceli B notokax C02 BaXHO yuynTbiBaTb MNPV NPOEKTMPOBaHUN TPyOGONPOBOAOB U CYAOB,
MOCKOJ/IbKY OHW B/IMAIOT, Hanpumep, Ha pabouyee faBrfieHve, Temnepartypy, MJIOTHOCTb XuUAKOCTW, Gesonac-
HOCTb, KOHTPO/Ib HaZ TPeLinHaMn 1 paccevBaHne B c/nyyae Bblbpoca (cMm. [42]), B [48] pacCMOTPEHO B/vsiHME
npumecei Ha TpaHcnopTupoBaHue notokoB C02 no Tpyb6onposoay.

B Tabnuue 5 npuBeseHbl 0606LLEHHbIE CBEAEHUS OTHOCUTENIbHO BAWAHUA MNPUMecei Ha MAOTHOCTb,
BA3KOCTb, (pa30Boe nosefeHue 1 hasoBoe paBHOBeCUE.

Ta6nuua 5— CeoaHasi UHhopMaLms or3NYECKOro BMSIHWS MpUMECElt Ha TpaHCNopTMpPoBaHue

MoTeHunanbHoe

o Ccblnika
BO3AelicTBMe

Bewectso Xapakrepuctumka BnuaHve Ha notok C02
Mpumecn Mpn pasHOM

B Lie/IoM 06BLEMHOM pacxoge
KO/TMYEeCTBO

TPaHCMOpTMPyeMOro
_ YMEHbLUEHWE CO02 6yneT Hivke, Cwm. [71]

NJOTHOCTK notoka C02
yTO B CBOIO
ovepeb CHWKaeT
300hEKTUBHOCTD
TPaHCNOPTUPOBKU

02, N2,Ar, H2 Bonbluas CKIOHHOCTbL K

Boriee BbICOKOE Makcy-
BA3KOMY paspyLLUeHWIO.
MasibHOEe [aB/ieHne
— Bonbluasa yTeuka

CyLLeCTBOBaHUSA ABYX-
yul < ABY npy 06pasoBaHUm
(hasHon cucTembl

Cwm. [80], [74], [40],
[21], [76]

TPEeLLUHbI
MoBbIweHve
MaKCMMaUTbHOTO
YMeHblUeHne naBneHns
HekoHaeHcvpyemble FIOTHOCTH, USMEHEHIe CyLLIECTBOBaHMA Cw. [46], [40], [69],
(hOpMbI (Ha30BOV (81], [71], [42]
narpammbl ABYX(pasHoro
A (ra30XuaKOCTHOTO)
COCTOAHUSA
H2S 1 NOx — OTnoxeHme aremeH- lNpepbiBaHME MoToKa Cwm. [2
TapHoii cepbl Pep '
H20 O6pasoBaHne
Bbi3biBaeT rmgparaumnio MpepbiBaHMe noToka Cwm. [42]

rMapaToB

6.1.2.1 BnusHve npumMecei Ha NAOTHOCTb W BA3KOCTb notoka CO02

MpucyTcTBrE NprYMeceil MOXeT OKasblBaTb BAWSAHME Ha NAOTHOCTb W BA3KOCTb notoka CO02. AnsA TpaHc-
nopTupoBaHnsa no TpybonpoBojaM BbIrO4HA BbiCOKAs M/IOTHOCTb, T. K. B 3TOM C/lyyae MacCoBble pacxofbl
MOryT 6bITb Bbille, a AuameTpbl TPyO MeHblle. MpucyTcTBME HEKOHAEHCMPYEMbIX NPUMecen, Takux kak Ar,

12
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N2 nnu 02, B BoicOoKknx KOHUEHTpaUUAX (Hanpumep, npu CXuUraHuu B NPUCYTCTBUM BO3AyXa) MOXET NPUBECTU
K He0bX0AMMOCTUN yBeNMyeHus anameTtpa Tpybonposoga A1a TpaHcnopTupoBaHusa CO02 B NaoTHON ¢hase, 4To
B CBOW ouepegb TpebyeT yBenuueHusa kKanuTanbHbiX 3aTpart (cM. [42]). MpucytctBme H2 us-3a ero HW3Koi
MOJIEKYIIPHON MacChbl 3HAYMTEIbHO CHMXAaEeT NIOTHOCTb NoToka wu/unmn TpebyeT yBennueHus guametpa Tpy-
6onposoga (cM. [40]). bonee HU3kass BA3KOCTb, Hanpumep, n3-3a cogepxaHusa Ar n/mnn N2, MoxeTt obneruntb
TpaHcrnopTuposaHue no Tpybéonposogy (cm. [40], [81]), nockonbky nepenas AasneHus BLOMb Tpybonposoa
yMeHbLlaeTCcA U TPebylTCca MeHblune 3atpaTbl 3Heprun Ha cxatue. OgHaKo ANS NOMHOCTbIO TypOyneHTHoro
MoTOKa YyBCTBUTENLHOCTL Nepenaja faBfeHns K BA3KOCTU masa.

6.1.2.2 ®da3oBoe noeefeHne n pa3oBoe paBHoBecue notoka C0O2

Mpumecwn BAMAKOT Ha pa3oBoe noeegeHne notoka C 02 (cm. [90], [100]). B HacTosiLee BpeMs OTCYTCTBY-
0T faHHble ANs ABOMHbIX cuctem (cm. [71]).

CocyuwectBoBaHne aByx a3 (KMAKOCTU M ra3a) B Hacocax M B KOMNpeccopax MOXeT Bbl3BaTb rMapo-
AnHamunyeckue addekTbl, NPUBOASLLME K HEUCMPABHOCTU WM NOBPEXAEHUIO 060pyAoBaHuA. JkcnyaTauns
Tpy6 B ABYyX(pa3HOM COCTOSIHUM TpebyeT 0coboi ocTopoxHocTu. Onsa unctoro C02 ase hasbl MOryT cocylle-
CTBOBaTb B TEPMOAMHAMMYECKOM PpaBHOBECUW BAOMb NVHUWM pasfgena as, Mexay TPONHOW 1 KpUTUYEeCKOW
TouykaMu. JonoNHUTENIbHbIE KOMMOHEHTbI (HanpumMep, npuMecu B notoke C02) fo6aBnanT TepMmoanHamuye-
CKOW cucteme AOMOSIHUTENbHYI0 CTeneHb CBOGOAbI. TakuM 06pa3om, GO/bLWIMHCTBO Npumecein 6yayT NoBbl-
lwaTe TeMmnepaTtypy ¥ AaBfieHne, HKe KOTOPbIX MOXET CyLlecTBOBaTb AByX()a3dHOe ra3oxuAKoCTHOe COCTO-
AHne noTtoka C02. CnepgoBaTesfibHO, 4718 NoggepxaHus ogHodasHOCTM NoToKa Heobxoaumo 6osiee BblICOKOe
paboyee paBnieHne No cpaBHeHUIO ¢ unMcTbiM CO02, a Takke TpebyeTca 6oMblue 3aTpaT 3HEepPrum Ha cxartue
(cm. [19]).

MpumeyaHue — [lpn TpaHCNOPTUPOBAHUN Ha HEGO/bLUME PACCTOAHUA NOSBNEHWS AByX(ha3Horo notoka C02
MOXHO n3bexartb, NoaaepkmeBas JOCTAaTO4HO BbICOKYH TemMnepatypy notoka C02, a Takke Ternnonsonupysa Tpyobi.

Bornee BbiCOKOE faBfieHne, KOTOPOE HeO6X0AMMO MOAAEPXKUBATL B CUCTEME C LieNblo HeJonyLeHusa o6-
pasoBaHus ABYyx(ha3HOro noToka, Hanpumep npu cogepxaHun H2 (cm. [42]), yBennumBaeT pUCK BA3KOIO pas-
pyweHus Tpybonposoga. daHHbIli TN paspyleHns MOXeT Bbi3BaTb 60/bLUYI0 yTeuky. Vicnonb3oBaHue 6onee
NPOYHOro (Hanpumep, umerowero 60/bLIY TONLWWHY CTEHKM) TPY6oNnpoBoLa MOXET CHU3UTb 3TOT PUCK (CM.
[21], [76]).

MpucyTcTBME BOABI B KAYECTBE OTAENbHOM hasbl MOXeT NPUBECTU K 06pa30BaHuIo rMApaToB B 3aBUCU-
MOCTMK OT AaB/I€HNS N TeMnepaTtypbl, 4UTO MOXET ObITb NMPUUMHOW OCTAHOBKM TpaHCNopTUpoBaHus. BeeaeHune
XUMUYECKNX MHTMOBUTOPOB, TaknX Kak r/IMKOAW, MOXET YMEeHbLUTb UM NpeaoTBpaTuTb obpasoBaHme BOAHON
asbl (cm. [42]). OgHako NpUCyTCTBUE T/INKO/IS MOXET cnocobCcTBOBaTb KOPPO3uu. B HacToswem ctaHgaprte
He paccmaTpuBaeTCs BO3MOXHOE BAUSIHWE NpUMecei Ha rugpatoobpasoBaHme. H2S n S02 Bbi3bIBaKOT HE3HA-
ynTesibHOEe CHWKEeHWe pacTBOPMMOCTU BOAbl B noToke CO02.

TpaHcnopTupoBaHme C 02 Ha OTHOCUTENbHO 60/bLUNE PACCTOAHNSA UK B HEGONbLLUNX 06bemax (cm. [16],
[71]) mopcKUMU cyAammn CUMTAKOT 3KOHOMUYECKN BbIFOAHbLIM. TpaHCcnopTMpoBaHWe cyjaMu B HacTosLee Bpe-
MS paccMmaTpusatloT npu HM3kom (6—8 6ap), cpegHem (15 6ap) v BbicOKOM gaBrieHusax (45—60 6ap) (cm. [77]).
C TOUKM 3peHus CyLOBOro TpaHcrnopTa HW3Koe fasreHue (Npy COOTBETCTBYIOLLEN HWU3KOM TemnepaType) cuu-
TalT ONTMMasibHbIM U3-3a BbICOKOW MAOTHOCTU XUAKOCTU M HU3KOW NAOTHOCTM rasza (cm. [10]). HemHorme wnc-
cnefoBaHus 6bl/IM NOCBSALWEHbI BAUSAHUIO cocTaBa notoka C 02 Ha TpaHCNOPT MOPCKMMU CyAaMu.

B03MOXHOCTb CXMKeHUss notoka C02 B TpybonpoBoge paccmoTpeHa B [29]; yCTaHOBMEHO, YTO MOBbI-
LWEeHHAsA KOHLUeHTpauus npumeceli NpUBOAMUT K YBENIMUYEHUIO 3HEPronoTpebneHns AN npouecca CXKMKEeHNS.
[pyrue HepelleHHble TeXHUYeckue BOMPOChI, CBA3aHHblE C MOPCKMM TPaHCNOPTOM, BK/IKOYAIOT:

a) ONTMMasIbHYI0 MHTEerpaunio npouecca CXMKEHNA € NPOLECCOM yaB/nBaHus;

b) BO3MOXHOe ob6pa3oBaHue TBepaoro C02 npu HA3KOM AaBfIEHUN;

C) BbIIB/IEHWE (PaKTOPOB, B/AUAIOLMX HA NOrPy3Ky/pasrpysky v gpyrue akcrayaTauuoHHble npoueaypsi.

6.1.3 BnusaHue npumeceii B NoToke C02 Ha reosiormyeckoe XpaHunuiie

6.1.3.1 BnusHue npumecei Ha NAOTHOCTb XpaHumoro C02

ViccnepoBaHune BAusiHUA npuMeceil Ha nnoTHocTb C 02 npoBegeHo B pamkax IEAGHG (cwm. [40]). OgHum
N3 BaXHbIX BbIBOAOB SBMASETCH CYLLECTBOBAHME MWHMMASILHON MM MakCMManbHOW BMECTUMOCTY XpaHuamwa
B 3aBMCMMOCTHM OT cocTaBa notoka C02. Kak yxe yka3blBanocb, NPUCYTCTBUE HEKOHAEHCUPYEMbIX npumecel
NPUBOAUT K YMEHbLUEHUIO MAOTHOCTU NO CPaBHEHWIO C YucTbiM C02, 4TO NPUBOAUT K YMEHbLUEHUIO BMECTU-
MOCTK XpaHeHust C02 (cm. [109]). HekoHAeHCUpYOWMECS NpMMecK 06bIYHO CHMXaKT NIOTHOCTL hasbl C02
B ycnoBuax xpaHeHunsa (cm. [113]). Npumep nokasaH Ha pucyHke 4.
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HanpoTtus, BKAOYeHUe KoHgeHcupyemoro S02 B notokn CO02 npuBoguT K 60/71€€ BbICOKOW MNOTHOCTH,
yeMm y unctoro C02. OgHako BbicOkasi pacTBopuMocTb S02 B BOAEe MOXET Bbi3BaTb NPo6/eMbl C LLeNocT-
HOCTbIO B Npun3aboiiHoli 30He (HampuMep, KOpPOo3ns LeMeHTa u/unm obcagHoi KOMOHHbI, CM. Takke 6.2).

X

X — MNOTHOCTb, Kr/M3; Y — rny6uHa, m; 7— notok C02, cogepxatyuii npumecu; 2 — unctblii C02

MpumeyvaHne — MonspHble goim C02, 02, Ar n N2 B notoke C02 pasHbl 0,9723; 0,0159; 0,0074 n 0,0008
COOTBETCTBEHHO.

PricyHok 4 — BrnsiHue riybuHbl Ha M10THOCTL noToka CO02, coepxallero npuvech
Mno cpaBHeHUIo ¢ YncTbiM CO2 (cm. [67])

B uctoweHHbIX pe3epByapax NpupoLHOro ras3a cMellrBaHne 3akauynsaemoro notoka C02 c octarouHbIM
rasom NpUBOAWT K 06pa3oBaHMO CMEecu C 60Mee HW3KOWM MSIOTHOCTbID U MeHbLUEen kKoHueHTpauuein C02 no
cpaBHeHMo € ynucTbiM CO02, YTO CHMXAeT BMECTUMOCTb xpaHeHns CO02 (cm. [96]). CTeneHb nepemMelinBaHmnA
3aBUCUT OT MUrpauuy 3akayvsaemoro notoka C02 B HEOAHOPOAHbIX kKosekTopax (cm. [84]).

BnusHne npumecein Ha gomaunyeckne ceolictBa CO02 1 reosiorMyeckoro pesepsyapa 418 pasMeLleHns
npueefeHo B Tabnvue 6. MNMoAnoBePXHOCTHAsA cpefa He ABMASEeTCA OLHOPOLHON, YTO OKasblBaeT BAWAHWE Ha
Murpaunio dpntongos (6b1/10 NnokaszaHo npu 3akavke CO02 B reonornyeckoe obpasoBaHue, cm. [20]).

Tab6bnnua 6 — BnusHue npuvecein Ha 3nyeckne CBOMCTBA NOTOKA M re0sIorMUECKUin pesepeyap 4151 pasMeLLeHus
(4actb 1, NIOTHOCTB)

BelecTtBo Xapakrepucrtumka Bnuanne C02 HOTEHuTaMHoe KommeHTapmii Ccbinka
BO3aenNcTene
YMmeHbLLUaeTca
Jlere HeKoH- YMeHbLIaoT o6beMm
02, N2,Ar, H2 JeHcupyemble — Cwm. [109],[42]
npUvecH* N/I0THOCTb pasmeLLaemMoro
C02
O6bI4HO
YBenuuneaeTcA cofiepxaHue aTmx
TsbKesble KOH- o
YBenmumsarot BMECTVMOCTb npuMecei C/INLLKOM
S02,S03,NOx  [geHcupyemble Cwm. [101]
npUviecH* N/I0THOCTb pasmeLLaemMoro HM3KOE, YTOObI
C02 oKasblBaTbh 3aMeTHoe

14
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OkoHuyaHne Tabnuubl 6

MNoTeHuynanbHoe

Beuiectso Xapakrepuctumka BnuaHne C02 o KommeHTapwuii Ccblnika
BO3/eiicTBue
MOFyT 3Ha4YnTESIbHO
OcTaTouHbIi N3MEeHUTb COCTaB
CH4, h2s,n2, N3meHseTca
ra3 B UCTOLLEH- CO21 apvivie YMeHbLUatoT BMECTUMOGTL C02 n3-3a BbICOKOIO Cw. [96]
HOM ra3oBoM ARy M/1I0THOCTb napunanibHoro )
KOMMOHEHTbI XpaHunvila
nnacrte AaBneHns

OCTaTO4HOro rasa

‘ NerkuiA, TsbKenbliA: MoJeKysipHast Macca Hibke Win Bbllle, Yem y CO2.

6.1.3.2 BnusHve npumeceli Ha MexdasHoe HaTsXXeHue U BA3KOCTb

HekoHpeHcupyowmecs npumecu, Takne kak N2, 0 2, Ar u CH4, yseninumBaloT NoBEPXHOCTHOE HaTAXeHWe
BOAHOW hasbl. Bonee BbICOKOE MOBEPXHOCTHOE HATSXKEHWE YBeNMUMBaEeT KanuinspHoe AaBfieHne nynyda-
eT ynaBnueaHue ny3sblpbkoB C02 3a cyeT Nor/oWweHns nNaacTtoBoi BoAbl.

B npucyTtctBun S02 mexdasHoe HaTsXeHUe yMeHbLUAeTCA /IMHEHO C yBeinYyeHmem cogepxannsa S02
(cm. [95]). AHanornyHoe BMSHME Ha MexdasHoe HaTsXXeHue Ha rpaHvue pasgena a3 C02/Boga B NpucyT-
ctBumn H2S npusegeHo B [99].

VH(bopmaums 0 BAUSAHMM NPUMECEN Ha BA3KOCTb OrpaHmyeHa. B pamkax pa6otbl IEAGHG (cm. [40])
0TMeYeHO, 4TOo BA3KOoCTb C02 B NNOTHOI (ha3e MOXET ObiTb CHMXKEHA 3a cyeT Takux npumeceit, kak I\, 02 n
Ar, Bansowmux Ha murpauuio C02 B pesepsyape. B 3aBUCUMMOCTY OT CTPOeHUs pesepByapa (CNOUCTOCTb, He-
OLHOPOAHOCTU WU T. 4.) U3MEHEHUEe BA3KOCTU MOXET NPUBECTU K YBESIMUYEHUIO UIN YMEHbLUEHNIO BMECTUMOCTU
pesepsyapa.

Tabnuua 7 — BausHve npuMeceil Ha diM3nyecke CBOWCTBA NMOTOKA W reos1orMyeckuin pesepeyap 415 pasMeLLeHuns
(YacTb 2, MexhasHoe HaTsKEHVEe U BA3KOCTb)

BelecTtBo Bo3geiictBrne Ha C02 MoTeHynanbHoe Bo3aelicTBME Ccblnka
YMeHbLLIaT Mexdas- Bnnsiotr Ha BMECTMMOCTb

$02, H2S ® Cw. [95], [99]
HOEe HaTshKeHue XpaHumLa
YBenuunsarot YBenMumBaeTcs kanuispHoe

N2,02,Ar, CH4 mMexdasHoe [JaBneHve nyrnydwaeTcs BTOPUYHOE —
HaTshKeHune ynaBenviBaHve

YMeHbLUeHve

N2,02,Ar BrvsitoT Ha murpauuio C02 Cwm. [40]

BA3KOCTU

6.1.3.3 BnusHue npumeceii Ha pa3oBble paBHOBECUS, PacTBOPEHME M MUrpaLumio npumeceii

BnusaHne npumeceii B notoke C02 Ha pa3oBoe paBHOBecue onucaHo B 6.1.2.2, Hanpumep, NpMMecu
yBeNnumMBatoT BEPOATHOCTb 06pa3oBaHns rmapaToB B C/iyvyae pasMeLLeHns B UCTOLLEHHbIX pe3epByapax npu-
poaHoro rasa. MNpu ycnoBusx pasmelleHns, 6M3KNX K KpUTUYECKO TOUYKe, BO3MOXHO 06pa3oBaHue AByX has
C pasHoii NNOTHOCTbIO, oboraweHHbix C02. OTHOCUTENbHAA MPOHMLAEMOCTb 3TUX ABYX ha3 ByaeT HuKe no
CPaBHEHWNI0 C TOMOTEHHbIM XUAKUM C 02, 4yTO MOXET YMEHbLUUTb UX MOABMXHOCTb. UTOOLI n3bexaTb 06paso-
BaHNS ABYX(ha3HO CMCTEMbl B pe3epByape-xpaHuauie, MoxeT notpeboBatbcs 60s1ee BbICOKOE AaBfieHue
3akauku, yem ana ymctoro C02.

Mocne 3akaukn CO2 npumecn 6yayT murpypoBatb BmecTe c¢ notokom CO02. Mpu murpauumn npumecu
4YacTUYHO PacTBOPAKTCA B NNacToBoit Boge. CTeneHb pacTBOPEHUS NpUMecei B JaHHOM MecTe nnacta éyaet
3aBuCeTb OT 06LLeil pacTBOPMMOCTU KaxKAol MpuUMecu, KMHEeTWKM pacTBOpeHus, ee auddy3moHHOro nose-
feHus B notoke C02 u nnacToBoOi Bofe, a TakkKe ee peakuMOHHOM Cnoco6HOCTM Mocne pacTBOpPeHUsi (Ha-
npumep, cM. [4] un [5]). OTM nNapameTpbl pasfvyHble ANA pasHbiX npumeceli. Kpome TOoro, pacTtBOpMMOCTb
Kaxao nNprvMecn W KMHEeTUKa pacTBOPEHWUS 3aBWUCAT OT AaBfeHus, TemnepaTtypbl U OT cocTaBa NaacToBOl
BoAbl. PacTBoprMocTb S02 B CONeHo BOAe HAMHOrO Bbilwe, Yem pactBopumocTtb NOx 1 0 2. Kak cneacTsue,
B nacte NO2 (1 0 2) MOXeT NepeHOCUTLCA Ha 6o/bllee pacCcTosiHMe OT HarHetTartesibHOW CKBaXKWHbI, Yem S 02
(IEAGHG, cm. [40]). ViHdopMaLma o NpUCYTCTBYHOLWEN CMecn M ee KOHLEHTpauMnm B KOHKPETHOM MecTe pe-
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3epByapa Mo3BOJSET Jlyylle NPOrHO3MPOBaTb FEOXMMMUYECKUE PeakLMn 1 CBSI3aHHbIE C HUMU FeoTeXHUYeckne
nocnencteunsa (cM. Takke 6.2.2).

6.2 Xmunyeckoe Bo3gelicTBue npumeceii

B 3aBMCUMOCTM OT XMMUYECKMX CBOWCTB MPUMeECE ux npucyTcTBne B noToke C02 MeHAET Xumuyeckne
cBoicTBa M caMoro noTtoka. Kpome Toro, B notoke C02 MOryT NpouMcXo4uTb NEPEKPECTHbIE XMMMUYECKME pe-
aKkuMy Mexay pasnUYHbIMKU MpUMEecsMu, NpMBOAsLLNE K 06pa30BaHUI0 HOBbIX NpuMeceli (Takmx Kak KACMOTbl)
N CHMXEHUIO KOHUEHTpauuu Apyrux npumecei. Hmke onncaHo BAWsSHWE NpYMecei Ha KOppo3uio meTanaunye-
CKUX Marepuanos (Kak B Ha3eMHOM TPaHCMOPTHOM 060pyA0BaHWMMW, Tak U B HarHeTaTesfIbHbIX CKBaXuHax). B
cnefywoLwmx NoAnyHKTax pacCMOTPEHO XMMMYECKOe BO3AENCTBME Ha reosiIorMyeckyto CUCTEMY pasMelLeHUs.

6.2.1 BnusHue npumeceii B notoke C02 Ha KOPPO3NOD METa/I/IMHECKUX MaTepuasioB

6.2.1.2 BosgeiictBne npumeceii B notoke C02 Ha 060pygoBaHme AN Ha3eMHOro TpaHcnoprta

TpybonpoBoAbl, TpaHCNOPTUPYOLWMe NIOTHYI0 dhady unctoro, cyxoro C02, He NoABEPXEHbI KOPPO3UMW.
OpHako npumecun B notoke C 02 mMOryT okasbiBaTb B/IMSHWE HA NPOTEKaHWe KOPPO3MOHHbLIX NPOLLECCOB.

Bopga, pactBopeHHas B notoke C02, He Bbi3blBaeT KOPPO3UKN, HO CBOOOAHASA BOLA MOXET NPUBECTM K 06-
pasoBaHuMto yronbHoi kucnotebl (H2C 03), koTopasi 06/1agaeT BbICOKO/W KOPPO3MOHHON akTUBHOCTbIO (CM. [3] u
pYCYHOK 5). Yrnepoauctasa cTaslb MOXET nojsepraTbCa 06LEei 1M TOYeYHOW KOPPO3UM CO CKOPOCTbIO Bonee
1,0 mm/rog, BO BRaxkHOM 4nctom CO2 (cm. [69]). PacTBOpMMOCTb BOAblI B MOTOKE YMCTOW NAOTHOI hasbl C0O2
3aBUCUT OT laBNleHnsl U TeMnepaTypbl, OHa YMEHbLLAETCA C MOHMXEHUEM TeMnepaTypbl 1 AasneHus (cMm. [22)).
dkcnepuMmeHTasbHble nccnenoBaHua co cMecamy CO02 1 BoAbl NMOKa3bIBAKT, UTO CKOPOCTb KOPPO3UK yBesn-
YyMBaETCA C MNOBLILWEHMEM TeMnepaTypbl. Takke U3BECTHO, YTO MOXET 06pPa30BbLIBATLCA 3alUUTHAA MIEeHKa U3
nNpoAykToB Koppo3un FeCO03, ogHako, Korga KOHUEeHTpauus pacTBOPEHHbIX MPOAYKTOB KOPPO3UN CTAHOBUTCS
BbICOKOM, MfIEHKa MOXET pa3pyLUMTbCS, YTO NPUBOAUT K JTIOK&/IbHOW KOPPO3UM C BbICOKON CKOPOCTbIO (CM. [2]).

3

1— TpybonpoBog; 2 — BogHas pasa; 3 — rasosas hasa; 4 — npouecc rugpatauun (pactsoperHne C02);
5 — npouecc guccounauun; 6 — 3neKkTpoxXuMmUUeckas peakuus; 7— ocaxaeHue kapboHaTa xenesa

PucyHok 5 — Cxema Koppo3um TpybonpoBOAOB U3 YIIEPOAUCTON cTam (cm. [3])

Takne KOMMNOHEHTHI, Kak SOx n NOX, MOryT pacTBOpsTbCA B CBOGOAHONM BOAe C 06pa3oBaHMEM KOPPO3u-
OHHO-aKTMBHbIX MOBOYHbLIX NPOAYKTOB. Kpome Toro, Takue npumecu, kak H20, SOx, NOx, 0 2, CO u H2S, moryT
y4yacTBOBaTb B XMMUYECKMX PeaKLMaX, KOTOpPble MOryT NPUBECTU K 06pa3oBaHnio CEepPHOW/CEPHUCTON KUCAOTHI,
a30THOWN KMCNOTbl U/MAN 3NEMEHTAPHON cepbl, KOTOpble B CBOK O4yepefb 06pasyloT oTAeNbHble asbl 1 TeM
camMbIiM NPOBOLMPYIOT KOPPO3KMI0. Takne dhasbl MOryT 06pa3oBbIBaTLCA NpU cogepxaHnn Bogsl meHee 100 ppm
(cm. npunoxeHune A). MpucyTcTBME aMMHOB, METaHONa, 3TaHoMa, MMKOER U APYTMX BOAOPacTBOPUMBIX KOM-
NMOHEHTOB 6yAeT cnocobcTBOBaTb 06pa3oBaHM0 BOAHON dasbl U CHMKEHWIO KOHUEHTpauuu BOAbl B NOTOKE
C02, npn KoTOpOW 0bpasyeTca oTAenbHas BogHas hasa.
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M3-3a B3anMOAelicTBNS MEXAY Pa3/IMYHbIMU NPUMECSMU U MPOTEKAHNSA NEPEKPECTHbLIX XMMUYECKUX pe-
aKkuMii MakcumanbHO AOMYCTUMAas KOHUEHTpauus /60 npuMecn 3aBUCUT OT KOHLEHTpauuu Apyrux npume-
cein (cm. npunoxeHue A). B Tabnuue 8 npmMBeneHoO BAMSHUE NPUMECE Ha KOppOo3uk Tpybonposoga.

Ta6nuua 8— BnusiHie npuveceli B noToke CO2 HA KOPPO3UIO TPAHCTMOPTHOro TPYGONpoBoAa

BnusHne MNoteHunanbHoe o
BeuiectBo Xapakrepuctuka o KommeHTapwuii Ccblfika
Ha notok C02 BO3jencTene
O6pasyeT cep-
pasy! P Kopposus npoTeka-
Bo3mOXHBbI HYH0/CEPHUCTYHO Kopposusa nog, T He3HAUNTENLHO
SOx, NOx, 0 2, nepekpecTHble Kncnoty, asor- BO3AENCTBNEM ' IEAGHG,
Korga cogepxaHvie
CO, H2S XMUYeckue HYH0 KVC/OTY KOHOEHCUpYIO- BOMIbI (W APYTAX cm. [40]
eaKLmn Wn anemeHTap- NXCA KUCNOT o
peaky p- npyUMeceit)H13Kkoe
Hyl0 cepy
Kopposus u
P Kopposus npo-
0b6paszoBaHne
O6paszoBaHne 3alLUUTHBIX Nne- TEKAET HesHa-
H20 Pacteopsier C02 yMTENLHO MPU Cwm. [2], [22]
HZ2c03 HOK 113 Npoayk-
HU3KOM COfEepKa-
TOB KOpPPO3un HIAV BOTIb!
(FeCO03)
CKOpOCTb KOppo-
AMuHbI, CH4, BogopacTso- CnocobcTBytoT P pp
Bbi3biBatoT 311 3aBUCUT OT
3TaH, rnyKonn pviMble KOMMO- o6pas3oBaHuio —
o KOpPpO3uto KOHLIeHTpauum
v ap. HEHTbI BOJHOW hasbl

npumeceii

6.2.1.3 BospgelictBne npumecein B notoke CO02 Ha HarHeTaTesibHble CKBaXKWUHbI

B nnacte Boga 6yaet pactBopsaTbca B C02, a CO02 (u npumecun) ByayT 4acTUYHO pacTBOpPATbCA B nna-
CTOBOIi BoAe. AHaNOrMYHLIM 06pa3oM NpuMecu, NpucyTcTBylowmne B NnoToke C 02, Takke ByayT pacTBOpPSATLCA
B M/1aCTOBOW BOJe.

Koppo3usi ckBaXXnMHHOro o6opypoBaHusa (o6cagHbix Tpy6, HACOCHO-KOMMPECCOPHbIX TPYO U T. 4.) MOXET
BO3HUKaTb, €CAN NPU OCTAHOBKE 3akaykn BO3HMKHET NPOTMBOTOK NNacToBOl BoAbl. Hanpumep, B ciyyae, Kor-
fa CO02 TpaHCNoOpPTMPYIOT CyAaMn K MEeCTy 3aKauyku U MOXET BO3HMKaTb MPEPbIBUCTOCTb 3akaykm. CKBaXKMHbI
ans 3akaukym CO02, NoAKOYEHHbIE K KPYNHOW TPaHCNOPTHOW CeTu, AO/KHbI OyAyT CnpaBAsATbCA C LUMPOKAM
Avana3oHoM ckopocTei nocTtynneHua C02.

B cnyyae npekpalleHns 3akaykM MoxeT 06pa3oBbiBaTbCA BoAHasa (pasa B haze C02. Tam, rae matepu-
an Tpy6 noaepraeTcs BO3AENCTBUIO TakuxX cpef, BEPOATHO, 6yAyT BO3HMKATb TOUYEYHAs KOppo3us U pactpe-
ckmBaHue. Koppo3noHHas akTMBHOCTb paccosia U KOHAEHCMPOBaHHOW BOAHON (hasbl 3aBUCUT OT KO/IMYecTBa M
TMna npuMeceil 1 NPOAYKTOB peakuuu, KOTopble NepexoasaTt B BOAHYH hasy. HekoTopble npumecu (SOX, NOX)
1 npoAaykTbl peakunn (H2S04, HNO3) npenmyLiecTBeHHO 6yAyT HaxoAuUTbCA B BOAHON hase, B TO BpeMS Kak
Takne npumecw, kak 02 n H2S, MOryT 04HOBPEMEHHO HaxoAWTbLCA M B BOAHON hase, u B paze CO2.

6.2.2 BospgeincTtBue npmmecein B noToke C02 Ha CUCTEMY FeosIorM4Yeckoro pasmelleHuns

6.2.2.1 BospgeiictBue npumeceli B notoke C02 Ha KOMIEKTOP W NMOKPbILUKA

Feoxumnyeckme peakumn notokos C02 ¢ nnactoBbiMU hONgaMN U TOPHBIMW MOpoOAamMu MOTyT Mpwu-
BECTU K U3MEHEHWIO CTPYKTYpbl TOPHOWM MOPOAbl 3a CYET U3MEHEHUS KONMYecTBa, TUMa, (hopmbl 1 TEKCTYpbI
nopoAoo6pasyoLmnx MMHepasioB. Takke MOryT 06pa3oBbiBaTbCA HOBble MUHEpasibl B NOPOBOM NPOCTPaHCTBE
WAN NPOUCXOANTL 3amMeLleHne NepBUYHbIX MUHepasioB. ITU peakunn MOryT MMeTb reoMexaHuyeckoe 3Have-
HVe npu ycrnoBuu obpasoBaHMA 60/bLLIOTO KOMYecTBa NPOAYKTOB. MeoXMMUYecKne peakuum MOryT Kak no-
NOXUTENbHO, Tak MU OTpUUAaTeIbHO B/IMATL HA NPUEMUCTOCTb, EMKOCTb XPaHEHUS, MeXaHNYeCKyl0 MPOYHOCTb
N 6e30MacHOCTb pasMelleHuns. ABnseTcsa M npoTekatwas peakums nosie3HOW, He3HauYUTesNlbHON WAn npo-
61eMHON 4151 pa3MeLLeHusl, 3aBUCUT OT CKOPOCTY ee NPOTEKaHUSI 1 TeX SIBMIEHMI KOTOPbIe MOTYT NPOUCXOANTb
B KOMMeKCe Mo pasMeLLleHuo B c/lydyae ee NpoTekaHWs: peakuuu, NpuBoOAsLLNE K YBESIMYEHUIO NMOPUCTOCTH,
MOTYT NOBbICUTb MPOHULAEMOCTb U MPMEMUCTOCTb KOJIIEKTOPA, €C/AM OHWM MPOMCX04AT BOAMN3U CKBAXWH, B
TO Xe Bpems Takue peakuuv MOryT CHWXaTb LenOoCTHOCTb NnopoAbl. Peakuuu, yBenuMuusawlme 06beMHyHo
fonto 6onee TBepAbixX ha3 B MOpoAe, MOryT CHU3UTb NPOHULAEMOCTb, HO 3TO TaKkKe MOXeT ObiTb Nosie3HO
ONs NoBbllLEeHNss 6e30NacHOCTM pasMeLLeHns, ecnn 3aTparMBaioTcs ynaoTHAwLWwmMe nopoapl. bonee Toro, Ta-
Kve peakumv MOXHO cyuTaTb NONOXUTENIbHbIMU AN MOPOA-KOMNEeKTOPOB, €C/IN OHW MPOTeKalT A0CTaTO4YHO
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Me/IEHHO 1 3aMeTHO He CHWXaloT NMPUEMMUCTOCTb Ha 3Tane akcnayarauuu xpaHunuwia. Teepable YacTuubl B
3aKkaymBaemMoM notoke C02 MoryT co3faBaTb OT/IOKEHUS U BbI3blBaTb 3aKynopKy Mop, YTO B CBOK O4yepefb
NPMBOAMT K CHWXKEHMWIO NMpuMemMucTocTh. Hanpumep, YacTuubl MOryT KOarynMpoBaTb B pesynbTarte peakuuii
BOAOW MM pacTBopamMu Cofieil ¢ obpasoBaHMEM rMAPOKCMAOB nnn 6ukapboHaToB.

MpoTekaHWe reoXMMUYeckux peakuuii 3aBUCUT, B TOM YuC/e, OT KOHKPETHbIX COCTaBOB FOPHbIX MOPOS U
nnacToBbIX Bof,. MNopucTbie BOAOHOCHbIE TOPU30HTLI U3 NecYaHyka C HA3KMM COAepXaHueM conei, cocTosuine
B OCHOBHOM W3 CTabusbHbIX MUHEPAsIOB, B OCHOBHOM K3 KBapua, MeHee NoABep)XeHbl reoMexaHNn4yeckum us-
MEHeHUsIM, YeM BOJOHOCHbIE TOPU30HTbI, COAEepPXaLline paccosbl BbICOKO MUHepanu3alum, uiM BOAOHOCHbIE
TOPU30HTbI, COCTOALLME M3 NECUYAHMKOB, B KOTOPbIX YacTuLbl KBapLa CKpenseHbl 3a cyeT rMuH uinM kapboHa-
TOB. ApKO3bl WK rpayBakku, cogepxalime parMeHTbl NONEBOro Wnarta uavM Apyrux nopos (3a UckoveHnem
KBapua), MOryT 6bITb NOAXOAALMMU NMOPOAAMU-KOMNIEKTOPAMU, OLHAKO W OHU MOABEpPXKeHbl reoXMMUYECKNM
n3mMeHeHnsM. KosnekTopbl, cocToswme U3 kapboHaToB WM BYyJIKaHUYECKMX nopog (Hanpumep, 6asanbrta),
YyBCTBUTE/bHbI K peakunsiM pacTBOPEHWs, YTO B CBOK ouvepefb TpebyeT Ha/lMuns HafeXHOW Yn/oTHALW e
nopogpbl. C Apyroii CTOpPOHbI, 3T nopoAbl ob6neryaT npespatieHme C02 B pacTBOpMMbIE HeOpraHuyeckne
doopMbl ¥ TBepAble kapboHaTbl, YTO CHKAeT pUCK yTeukn 1 o6bem xpaHumoro C02. NMoMUMO OObIYHbLIX CllaH-
UEBbIX U MMUHUCTBIX YNJIOTHUTE/bHBIX NOPOL UM MEHee pacnpoCTpaHeHHbIX UTHUMOPUTOB, KOTOpblE coAep-
Xart C/I0XHble KapKacHble W NnnacTuHYyaTble CUIMKaTbl, UMeLLe HU3KYI0 peakUMOHHYI0 CNoCOBHOCTbLIO, B Ka-
yecTBe YM/IOTHUTE/IbHbIX NOPOA MOTYT BbICTYNaTh aHMMAPUT, KAMEHHAsA COJb U TUNC. STU MUHEepasbl ABMIAIOTCA
06bIYHBIMW LLEMEHTHbIMW MUHEpanamMu B 0cafouyHbix nopogax. Hanpumep, KameHHas cosb, XOTS U ABNSETCA
OTNIMYHOI NOpPOAOI C HM3KOI NpoHuUaemocTbio Ang C02, MOXeT NpeAcTaBiaTb ONAcHOCTb, ecnin 6yaeT noa-
BepratbCa BO3AENCTBUIO 60/bLINX 06HEMOB HEAOHACHIWEHHOR N1AacTOBOW BOAbI.

3akauka C02 MOXeT CNpoBOLMPOBaTbL 3aKUC/IEHNE MIAacTOBOWM BOAbI MOCNE PacTBOPEHUs B Heil. Vmeto-
LMeca NpuMMecu B CBOK Ouyepeib YC/IOXKHAKT BO3MOXHbIE peakuun. Hanpumep, NpucyTCTBUE KUC/bIX Fa30B,
Takux kak SOx (n NOx), 6yaeT fON0o/HATEIbHO MOAKUCASATL NIacTOBYH BOAY, OCOGEHHO B ABYyxha3Holi 30He
(nnactoBas Boga/C02) n3-3a ux npeanoyTuTeNbHOro pacTBOpeHus B nnactoBol Boge (cM. [101]) n o6pa3osa-
HUA (CUNBHBIX) KMCNOT, Hanpumep, S02 —H2S03, H2S 04.

Kucnotoo6pa3sosaHve 3aBWCUT OT TakMx (PakTopoB, Kak faBfieHve, Temneparypa v LOCTYMHOCTb OKMUC-
nuteneii, Hanpumep 02, ans okucnenma S02 go H2S04. N3BecTHO, yTo npucytcTBue NOX KatanusmpyeT pe-
akumio gaHHoro npouecca. CnegoBaTenbHO, CHWXKas 3HayeHne pH nnactoBoi BOAbl, Hanmune S02 n gpyrnx
KMCNbIX NpuMecein byaeT ycunueaTb pacTBOpeHWe B Heli MuHepanos. Bcnepf 3a no6biM ABMXKEHWEM NNacTo-
BO/ BOAbl PaCTBOPEHHbIE YacTuubl 6yayT murpupoBaTtb. Korga pacTBOpeHHble YacTuubl AOCTUTHYT npegena
HacbIWeHUs, MuUHepasibl MOTyT HauyaTb BbiNagarb B ocafok. OfHaKo ocaxieHue MWHepasioB MOXeT ObITb
OYeHb Me[JIEHHbIM W KMHEeTMYeCKM 3aTpyAHeHHbIM. Kpome TOro, npv guccoumauun CU/bHbIX KUCAOT obpa-
3yHOTCS @aHUOHbI, KOTOPbIE MOTYT COEAUHATLCA C KaTMOHaMU, PacTBOPEHHLIMW B NacTOBON BoAde. Takum 06-
pasom, S02 un gpyrne kucnotoobpasyrowme npumecn (NOx, SOxX) MOryT okasblBatb B/ANSHWE Ha MOPUCTOCTb,
LeNOCTHOCTb U NPUEMUCTOCTb MOPOoAbl, YTO ObINIO AOKa3aHO B /1abopaTopHbIX UCCAefoBaHMAX (Hanpumep,
cm. [79]; [65]; [25]), a Takke B npouecce mogennposaHusa (Hanpumep, cM. [12]) 4na pasHbix TUNOB NOPOA-KO/I-
NeKTopoB. Pe3ynbTaTbl 3KCNEPUMEHTasIbHbIX W MOAE/bHbIX UCCNef0BaHUi cnefyet yUnmTbiBaTb C OCTOPOX-
HOCTbIO, T. K. KOHLEHTpaLun npumeceli B ykasaHHbIX UCCNef0BaHMAX ObIM HAMHOTO Bbille, YeM Te, KOTopble
paccmaTtpuBalTCAa B HacTosuwee Bpems B notokax C02 (cm. pasgen 6).

Kpome nogkucrieHna nnactoBbiX Bog 3a cyeT C02, SOx n NOxX MOryt npotekartb U OKUC/INTENIbHO-BOC-
CTaHOBUTE/bHbIE peakunn npu Hanmumm B notokax CO02 npumeceli ¢ OKUCAUTENIbHO-BOCCTAHOBUTE bHbIM MO-
TeHumanoMm. Fe fBnseTca pacnpocTpaHEeHHbIM 3/1IEMEHTOM U MOXeT MPUCYTCTBOBaTb B BUAE WOHOB Fe2+ B
NnNacToBbIX BOAax wunn B MuHepanax, Hanpumep cugepute (FeCO03).

Hlanmume okmcnutenei, Takmx kak 0 2, npuBoAUT k 06pasoBaHnio a3, cogepxalynx NoHbl Fe3+, koTopble
MOryT 3aMellaTtb NnepBuUYHbIE Xenesnctble dasbl UK OcaxaaTbCsA B MOPOBOM NpocTpaHcTBe. Peakuun xene-
30cofepxawmx MuHepasios 6blin nccnegosaHbl Ana notokos CO02, cogepxawmx S02 wim 0 2, Hanpumep,
cuctemy FeOOFI + S02 usyunnu B [35], cuctemy FeC03+ S02 paccmotpenu B [79], cuctemy FeC03+ 02—
B [108]. B UCTOLLEHHbIX YrNeBOAOPOAHbIX KO/IIEKTOPAX OKUCNEHNE Nerknx opraHnyecknx KOMNOHEHTOB MOXET
NpMBECTU K 06pa3oBaHUI0 TAXEsbIX OCTaTKOB, KOTOPbIe MOryT Hakan/iMBaTbCH U CHWXaTb MPOHULAEMOCTb.
MpnCcyTCTBUE UHEPTHBLIX WM HEKOHOEHCUMPYEMbIX Npumeceii B 3akauynBaeMoMm notoke C02 (Ar, N2 n CH4) He
ByfeT MMeTb reoXMMnYeckmx aPeKToB Uamn atm agdekTbl ByayT He3HaUYNTENbHbIMU.

B Ttabnuue 10 0606LWeHO XMMUYeckoe BO3AENCTBME MpUMECEN Ha reonornyeckyr cuctemy pasme-
LLeHNS.
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6.2.2.2 Bo3geiicTBme npumeceil Ha LLEeMEHT CKBaXXMH

CKBaXMWHHbIV LEMEHT, OKPYXalLUiA CTBO/T CKBaXXMHbI, MOXET NOABEpPraTbCsA BO3AENCTBUIO NPUMECEN,
cogepxatmxca B notoke CO02. Mpoekt Puits C02 (2006—2010 rr.) 6601 HanpaB/feH Ha W3y4YeHWe BO3Aei-
CTBUS KWUC/bIX ra30B Ha CKBaXWHHbIE LEMEHTblI C MOMOLLbLI0 flabopaTopHbIX UccnefoBaHuin. bbiio nokasa-
HO, YTO KWMHETMKa pa3noXeHWs CWU/IbHO 3aBucesia oT cpefbl — 6 MM/6 Mec B CMecu C BOCCTaHaB/IMBAOLLN-
Mn npumecammn (C02- H2S =97 % - 3 %) n 6 mm/7 Hegenb aAna cmecn CO2 ¢ OKACAALWUMYA NPUMECAMN
(C02- NO2- S02- 02=921 %- 09% - 5% - 2 %). DT AaHHblE 3HAYMNTE/IbHO OT/IMYAOTCA OT AaHHbIX MO
KOppo3uu, nostydyeHHbIx gna yuctoro C02 (cm. [59], [32)).

Bonee nogpobHy MHOpMaLM0 MOXHO HaiTh B [17], B KOTOPOW MpuBEAEH 0630p Pa3IMYHbIX FE0XU-
MUYECKNX U reoMexaHnyeckux apekTos, BAUAIOLNX HA LLeIOCTHOCTb CTBOJIA CKBaXKUHbI A1l CCS-NpoekTos,
BK/tOYas BAUSHWE npumeceli B notoke C0O2.

6.2.2.3 Mobununsauns BTOPUYHBLIX 3/1IEMEHTOB Nog Aenctenem notoka C02

BTOpuYHble 3N1eMeHTbl He SABAAITCA NpUMEecsMu, CoAepXalnMncs B UCXOAHOM noToke CO02. 310 Be-
LiecTBa, KOTOpble M3Ha4yas/lbHO NPUCYTCTBYIOT B Hefdpax (KO//IeKTope, NiacToBbiX dhiongax, BCKPbILHbLIX
nopogax, NoA3eMHbIX BoJax, Nnoysax) U KOTOpble MOrYT OblTb MOOGWIN30BAaHbI B pe3y/ibTare reoXMMnYeckmx
peakuuii, a 3aTeM CcTaTb 4YacTbl (pasbl, cogepxauein C02, unn BogHON hasbl. MobuaMsauus BTOPUYHBIX
3/IEMEHTOB He co3faeT creunguyeckoro pncka kak takosoro. OgHako B cnyyae ytedkn CO02 Bbiwenexauine
BOJOHOCHbIE TOPU30HTbI MOTYT ObITb 3arpsA3HeHbl. Ecnu pasmelleHne npoucxoanT B r1y60KUX COMEHbIX BOLO-
HOCHbIX MnacTax, cojepXalinx pacTBOpeHHble NpPUpPoAHbIe rasbl, WM B UCTOLLEHHbIX ra3oBbiX pesepByapax,
TO umerowmecs rasbl OyayT cmewmBaTbCA € NOTokoM CO02. B 3TOM c/fiydyae KOMMOHEHTbI NPUPOAHOro rasa
CTaHOBATCSA YacTblo noToka C02, KOTOPbLIA B fas/IbHENLLIEM MOXET MUTPUPOBaTh.

HekoTopble crefoBble KONMYECTBA 3/1EMEHTOB MOI/N MPUCYTCTBOBaTb B KauecTBe MpMMecei B Ucxoa-
HoM notoke CO02 (cm. Tabnumuy 9). OgHako Mx KoHueHTpauua B notoke C02, BEPOATHO, OyAeT HAMHOIO HUXe,
YyeM MX KOHLEeHTpaLuus B COOTBETCTBYHOLMX NPUPOLHbLIX 06bekTax (cMm. [9], [32], [61]).

Peakunn, yyacTeylowme B MOOGUAN3ALUN BTOPUYHBIX 3/1IEMEHTOB, NOAPOOHO HE U3BECTHbI, MO3TOMY KX
TPYZAHO OLLEHUTbL KOJIMYECTBEHHO. YTO kacaeTcsa CnefoBblX KONIMYECTB OpraHMyecknx BeLLLecTB, CBEPXKPUTUYE-
ckuini C02 SBNAETCS XOPOLNM pacTBOPUTENIEM M PacTBOPSET opraHuyeckme Bellectsa. UTo kacaetcs cnepo-
BbIX KOJIMYECTB METa/II0B, TO MOAKUC/IEHWE MNNACTOBbIX U MOA3EMHbIX BO4 U U3MEHEHWE OKUCNUTEesIbHO-BOC-
CTaHOBUTE/IbHbIX YCNOBMWIA 13-3a 3akaukyn CO02 MOXeT NOBANATL Ha NPOLECC MX BbICBOOOXAEHUS U3 OKCUIO0B
(cm. [116]). CpaBHeHMe KoHUeHTpauun meTansioB B notokax C02 M B nNnacTtoBbiX BOAax MpPeAcTaB/ieHO B
Tabnuue 9.

Ta6nuua 9— CpaBHeHne KOHLEHTpauuii cneaoBbix kKonmuects MeTasioB (TME) B notokax C0O2 1 nnacToBoii Boge
(ewm. [33])

CopepxaHvie B NnacToBoli Boae CopepxaHue B N1acToBOi Boge
MeTann Cogepxatue B notoke C02, mrin nepepg 3akaukoii C02, mr/n nocne 3akaukn C02, mr/n
Mn 1,2-10-2 3 (cm. [58]) 18 (cm. [58))
10 2-10"5 (cm. [116]) 2-10-2 (cm. [116])
Pb 2-10-2 <2-10"5 (cm. [9]) 1(r4 (om. [9])

B nccnepoBaHMm No BHYTPWUMIACTOBON 3akayke (CM. [58]) 6bl10 Noka3aHO, YTO KOSIMYECTBO OpraHmye-
CKOro yrnepoga, pacTBOPEHHOroO B MacTOBbIX BOAax, yBesuMumBasocb yepe3 20 gHeil nocne 3akauvkm C02
6onee yem Ha 2 nopsgka. KoHueHTpaums opraHn4yeckmx aHMoHoB n BTK (6eH30n, TONYyONn, KCUNobl) B BOAe
ocTaBasiaCcb HWKe 1 Mr/n, TeM He MeHee aBTOpbl NPULLN K BbIBOAY, YTO YBEIMYEHNE OPraHNYeckmux BeLLecTB
(neTyunx n nonyneTyunx) SABNsSeTCs pesynbTatom 3akaykm CO02. Ha akcnepuMeHTanbHON nnowanke KeTuuH B
FepMaHnn KOHLEHTpauusa aueTtara B CKBaXWHHbIX diomaax yeenmunnacb noytn B 20 pas yepes 1 mec nocrne
3akadkm (cm. [107]). NlabopaTopHblie MccNefoBaHMM MO SKCTPakuMy MNokKasbiBalT, YTO Mo6unmsauns opraHu-
yecknx BewecTB (Bkiyasa BTK) n gpyrnx Bewects nog geiictBmeM ceepxkputnyeckoro C02 BO3MOXHa He
TOJIbKO B HEDTAHBIX NiacTax, HO U B BOAOHOCHbIX FTOPU30HTax.
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Ta6nuua 10— XvuMnyeckoe Bo3aeiicTere npuveceli B noToke CO2Ha 3M1eMeHTbI KOMIJIEKCa Mo pasMeLLEHUo

XapaktepucTtuka

BelecTtBo MoTeHymanbHoe BO3aeicTBME KommeHTapuii Ccbinka
BeulecTea
rosbuLiator PacTtBopeHve wwnm ocaxaeHve OO6bIMHO HK3Kast .
KCNOTHOCTD MUHE aﬁl)os 4YTO B CBOO o4vepenpb KOHLIEHTpaLmMs 3ThX - [79),
SOx, NOx  nnacToBoii BoAbl; P ’ pen HeHTPa [101], [12],
B/IMSIET Ha MOPUCTOCTbL U npumMecei B NoTokax

ABNAKOTCA UCTOY-
HWKOM aHMOHOB

IEAGHG 2011 [40]
MEXaHIYECKyI0 MPOYHOCTb co2

CnocobcTByeT 06pa3oBaHmMio
CUNbHbIX KUCNOT 13 SOX 1
02 [a3-okucnutenb NOX 11 OKVC/TEHVIO MOHOB Ee2+ —_ Cwm. [79], [108]

B MUHEpPasiax

OkwcneHne ocTatouHoli HedaTw.
O6pa3oBaHne TKesbIX ocTar-
KOB 0OHa) B UCTOLLIEHHOM
02 las-okcrvresns (rypporia) H — Cwm. [79]
pesepsyape. CrnocobeTByeT

YMEHbBLUEHNO NOPUCTOCTN 1 NpOo-

HULL@eMOCTH
MoTeHumanbHO 3arpsisHeHne NoBEPXHOCTHBIX U TpebyeTcs oumcTka Cwm. [9], [32], [61],
Metasuibl TOKCUYHbIE
nprvecH Nnof3eMHbIX BO B C/lyHae yTeuku TPYHTOBbLIX BOZ, (58]

6.3 Bo3pgeiictBrme npumecein B notoke C02 Ha MMKPOOUOOrMYeckne coobLlecTBa B KOMIJIEKCe
no pasMeLleHunto

CpaBHUTENbHO HEMHOrO paboT MOCBALWEHO BAMAHUIO npumeceit B CO2 Ha rMy6uHHbIe MUKPOOHbIE CO-
obLiecTsa 1 GUOreoxnMmnyeckmne npoLecchbl.

PaznnyHble nccnepoBaHMs MOKasbiBaKOT, YTO 3akadka 60/bLIMX KonauyecTB uuctoro CO2 B rnybokue
nnacTbl BO34ENCTBYET B NEPBYI0 0Yepeab Ha MUKPOOBHbIE COOBLLECTBA, CHMXKasA MX aKTUBHOCTL (cm. [70], [112],
[94]). Mocne HekOTOPOro nepuoja CHWXKEHUS akTUBHOCTU MUKPOOPraHuM3mbl Kak 6bl npucrnocabnumBaroTca K
YC/NOBUSAM, N UX aKTUBHOCTb BO3pacTaer.

B pamkax npoekta CARBFIX (cm. [104]) ycTaHOBNEHO, YTO rNTyOUHHbIE 3KOCUCTEMbI MOTYT 6bICTPO pe-
armposatb Ha 3akadyky CO02 B nsacTbl, HacblleHHble noA3eMHbIMU Bodamu. B gaHHOM npoekte notok C02
(coctaB: 75 % C02, 24,2 % H2S n 0,8 % H2) 6611 nonyyeH B pesysibTaTe O4YMCTKU reoTepMasibHOro rasa Ha
6nv3nexalleli reotepMasibHOW 3nekTpocTaHuuu. 3akadka CO2 npuBena K 3aMeTHOMY CHWXeHuo (npumep-
HO B 2,5—4 pa3a) MUKPOGMOIOrMYeCcKOn akTUBHOCTU. pn 3TOM YCTaHOBIEHO, YTO MOHbI, BbICBOGOXAAEMbIE
npu pacTBopeHnn 6asanbra, NoALEPXKUBAIN POCT aBTOTPOGHbLIX U reTePOTPOdIHLIX MUKPOOPraHN3MOB, akTUB-
HOCTb KOTOPbIX MOXET BAUATbL Ha (hopMMpoBaHMe 3anacos MOfe3HbIX UCKONAeMbIX.

C02 mMOXeT BbICTYyNaTb B PONN UCTOYHMKA 3SHEPrMM, KOTOPbIA MOXET MCMNO/Sb30BaTbCA PSAOM MeTaHo-
reHHbIX OPraHM3MOB B YC/NI0BMSAX BOCCTAHOBUTENbHONM cpeApbl. Mpy 3TOM NPOUCXOAAT OKUCAUTENIbHO-BOCCTA-
HOBUTENbHbIE peakLuun, Ha NPOTEKaHUe KOTOPbIX MOXET NOBAUATb npucyTcTBre npumeceid (H2S, SOx n NOX).
MoBbiweHne gasneHna C02 6onee Yem B ABa pasa NPUMBOAMUT K yBEIMUYEHUIO MeTaHOreHesa.

ViccnepgoBaHne OKUC/IUTENbHO-BOCCTAHOBUTESbHBLIX PEaKUMUil ¢ y4acTMemM OKUCAMTESIbHO-BOCCTaHOBU-
TenbHbiXx Nap C02/CH4 n S02/S04 npmuBeaeHo B [110]. ABTOpbl MOKa3bIBalOT, YTO TOSIbKO OkucneHmne S02 mo-
XEeT 6bITb CBA3aHO C BocCcTaHoBNeHneM C02. H2S, kak n N02, He galoT 4OCTAaTOYHON 3HEpPrMm Ans npoTekaHns
[aHHoro npouecca.

BonbwnHcTBO onepatopoB B CLUA, 3akaumBawlwmux CO2 oA NOBbIWEHUA HeddTeoTaauu, yKasbiBaloT
npegesnbHoe cogepxaHne 02 B 10 ppm. MNpuunHa Takoro HU3Koro cogepxaHusa O 2 3aknoyaeTca B TOM, 4YTO
NpUCYyTCTBUE faxe HeBO/bLIOro KoMYecTsa KMCcnopoga MOXeET NPUBECTM K POCTY (haky/bTaTUBHO-a3pO6HbIX
BMA0B MUKPOOPraHM3MOB B HE(DTAHON CKBaXMWHe, rae reHepupyemMasi Mmn 6romMacca MOXeT MCMNOo/Ib30BaThCs
cynbhatpeayuympyowmummn 6aktepuamm (SRB) kak B KayecTBe cpefbl 06MTaHUsA, Tak U B Ka4yecTBe WUCTOY-
HVKa nuTaTenbHbIX BewecTB. Cynbdatpeayuupyowme 6akTtepum nosyvyalT 3HEepruo nyteMm okucneHuns H2
WM HU3KOMOJEKYNAPHBIX OPraHMYecKUX COeAMHEHU C OQHOBPEMEHHbIM BOCCTAHOB/IEHWEM Cy/ibdaT-MoHa
00 H2S. PocT cynbhaTpenyumpyrowmnx 6aktepuin MoXxeT NPUBECTM K CeAyHLWNM OCHOBHLIM Npobiemam:

20



FOCT P 70649—2023

a) NpoM3BOAUTENBHOCTb CKBaXKUHbI MOXET YXyALUTbCA M3-3a 3aKynopky nop B nnacte B6/M3W cTBOMA
CKBaXXWHbI, Hanpumep, H2S moxeT pearmpoBaTb C pacTBOPEHHbLIM B MN1acTOBbIX BOAaXx Xenes3om ¢ obpasosa-
HVeMm cynbuia xenesa, 4To MOXeT NMPUBECTU K 3HAYUTESIbHOMY CHWKEHWUIO MPUEeMUCTOCTU WU NPOU3BOAU-
Tes/IbHOCTW;

b) pobbiBaemble cwnabl U3 NIACTOB-XpaHWIUL, MOMyT cogepxaTb 60siee BbICOKME KOHLeHTpauun
H2S, uTo noBbIWAET UX KOPPO3NOHHYIO aKTUBHOCTb U TOKCUYHOCTb.

PasnnuHble TUMbl cynbatpeayumpyowmx 6aktepuii NposBAAIOT XW3HECNOCOBHOCTL Npy Temnepary-
pax no 65 °C. MNMopgaepxaHue TemnepaTypbl pesepByapa Bbille 3TOro 3HayeHus (Hanpumep, Ha rnybuHe 6osee
2500 m) moxeT npefoTBpatuTb ux pocT. Mpu 3akayvke CO2 TemnepaTypa B pe3epByape MOXET MOHMXaTbCs,
yTobbl 06ecneunTb POCT CyNbaTpesyumpyroLwmx 6akTepuii.

Mpumepom BO3aeCTBUS cynbaTpenyLmpylowmnx 6akTepuini 6bi10 CHUXEHUE NPUEMUCTOCTU CKBAXWU-
Hbl Ktzi 201 Ha yuyacTke Ketzin B 'epmMaHuM BO Bpemsl HarHeTaTeflbHbIX UCNbITAHWIA, U3noxeHHoe B [115]. B
JaHHOM uccnefoBaHuM pesepByap Haxoawncsa Ha rnyouHe 600—700 M OT NOBEPXHOCTW Npu Temneparype
37 °C — 45 °C, uT0 ABnsieTca 6/1aronpusATHbIMU YCAOBUAMU A8 pocTa CcynbdaTpeayunpyrolmnx 6aktepuil.
YcTaHOB/IEHO, YTO 0GHapYXeHHOe B CKBaXWHE YepHOe TBepoe BeLwecTBO B OCHOBHOM COCTOSAO0 U3 CYNbMu-
[la xenesa u ero o6pasoBaHue Bbi3BaHO HakTeprasibHOl aKTUBHOCTLIO (B MPO6ax XMAKOCTM OblI0 06Hapyxe-
HO ceMb BMAOB Cynbatpeayuupyowmx 6akrepuii). OpraHmyeckue coefuHeHusl, cogepxawmecs B 6ypoBom
pactsope, 6blN NCTOYHMKOM 3HEpPrun Ans 6bICTPOro pasMHOXEHWUs 6akTepuil. XoTa B 3TOM NpuMepe opraHu-
Yyeckoe BeLLecTBO, KOTOPOEe BbICTYNasio B POV UCTOYHMKA 3HEPTUM A1 MUKPOOPraHM3MOB, MOMasio B CKBaXU-
Hy He 13 notoka C02, faHHOe HabnogeHne UNNICTPUPYET NOTEHLMAbHYIO POb OPraHNnYecknx nNpumecei.

B Tabnvue 11 npvBefeHa MHGOPMaLMs O BO3SMOXHOCTY BAUSHUS NpUMecell Ha BO3HWKHOBEHME MUKPO-
61onornyecknx agpPeKToB.

Tab6nunya 11— BnusHre npumecein B notoke CO2 Ha BO3HNKHOBEHME MUKPOOBMOIOrMYECKNX 3dhchekToB

Mpumechb Xapaktepuctu- - Bavarine Snement MoTeHumanbHoe Bo3geincTBue PekomeHpauumn MpumevaHve
p Ka npumecu co2 CCS-npoekTa H A Aay P

Hanvuve 0 2 MoxeT cTumy-

JINpPOBaTh pas/InyHblie MUKPO-

OpraHn3mbl, CynbqdaTpeE, n-
P ynecharpeayuy Heobxoanmo

pytoLpme 6akTepun Croco6HbI

3akauka v LaTb PaboTy CKBaXKMHbI KOHTPO/ -
02 — — pasmMelle- YXyA P 34 ! poBatb pocT —
3aKyrnopvBasi Mopbl B6/M3n
HWe MWKPOOpraHns-
CTBOJ/1a CKBaXXMHbI. Takke pocT MOB

MMKPOOPraHn3MOB NPUBOANT
K YBE/IMUYEHMIO KOPPO3VIOHHOI
aKTUBHOCTY

6.4 TOKCUYECKOe M 3KOTOKCMYECKOe AelicTBue npumecer npu yteyke C02

6.4.1 O6LWme NOMOXEeHNA

CymMmmapHoe Bo3gelictBue Bewects (C02, pa3nuyHblie NpuMecn) B AaHHOM pasfesie He paccMmarpusa-
eTcs.

6.4.2 OcTpble TOKCU4Yeckue appeKkTbl

B cnyyae HekoHTponumpyemoro Bbibpoca (Hanpumep, yTeuku npu paspylieHun Tpybonposoga) obpasy-
eTca obnako C02, koTopoe NOTEHUMaNbHO MOXET MpeAcTaB/iATb ONAacCHOCTb A1 340POBbSA N0AElN U XUBOT-
HbIX. BO3MOXHbIMW BO34ECTBUAMU Ha 340POBbE YENOBEKA U XMBOTHbIX SABAAIOTCA TOKCUYECKMe 3dEKTbI
(oTpaBneHune) n netanbHble adhgekTbl (rMbenb). B 3aBMCMMOCTU OT KOHLUEHTPAUUN NPUMECH MOTyT ObiTb 60-
nee TOKCMYHbIMK, Yem cam CO02 B aTom o6nake. lNpu Bbixoge notoka C0O2 B aTmMocepy 6yayT NnponcxoanTb
N3MeHeHus AasfieHus, o6bema, TemnepaTypbl 1 (pasoBOro COCTOAHUA KaxJoro U3 ero KOMMNOHEHTOB, a Takxe
pasbaBneHne BO34yxoM. ManoBeposATHO, 4TO cocTaB obsiaka C02 6bygeT Takum Xe, kak coctaB notoka CO02.
JNleTanbHbllii nopor TokcnyHocTu (T) B aTMocepHoM Bo3ayxe anisa C02 coctasnseT 10 %. Ecnim KOHUeHTpauns
npumecn B notoke CO02 npesbiwaeT 10-T, uenecoobpasHo NPOBECTU crneunanbHoe uccnefoBaHue OCTporo
TOKCMYECKOro BO3AeNCTBUA NpuMeceil B cnydyae aBapuitHoro Bbibpoca CO2. Mpegen B 10-T sBnseTca opwu-
€HTUPOBOYHbIM, T. K. OH OCHOBaH Ha NPOCTOM MNPeANOsIOXKEHUM, YTO BELLECTBO BefeT cebs B ob6s1ake Nofo6HO
CO02 (HecmMOTpA Ha U3MEHEeHUA Temnepartypbl, aBNeHUs Uan pasoBoro COCTOAHNUSA).
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Ta6nuua 12— lMoporoBble 3HAUYEHNSI KOHLIEHTPpaLWiA 451 KOMMOHEHTOB noToka C02 npu Bo3aeiicTBUM B TeUeHre 14
B COOTBETCTBUW C HOpMamu dpaHLn

BelecTso Cco2 Cco HNO3 H2S NH3 no?2 so2
mr/m3 196 000 3680 2 186 521 2380 132 1885
ppm 100 000 2 951 779 344 3143 64 661

MpumeyaHuna
1 MeHbLUaA NPOLO/MKUTENBHOCTb BO3AEVCTBIUA AaeT 6onee BbICOkMe NMOpPOroBble 3HAUEHUS.
2 B gpyrvix cTpaHax CyLLecTBYHOT ApYyrie 3HaueHusi, XOTS B LIeJIOM OHU CXOXW.

OCHOBHbIMU OnacHbIMK NpuMecamMmn aBnATCA H2S 1 N02, NOCKO/IbKY OHU UMEKT HU3KUIA Nopor BpeaHo-
ro Bo3gelictena. H2S o6bI4HO MPUCYTCTBYET NOCcAe ynaBAvMBaHusa B npoleccax «go» oxuraHus. MNopor Bpea-
Horo BosgelictBuss NO2 npumepHo B 5 pa3 Hwxe, yem gna H2S (8 ppm). Ecnm NO2 coctaBnsieT 60/bLUyH0
yactb NOX, TO ero KOHUeHTpaumns MoxeT 6bITb 6nu3ka K 10-T, U cnefyeT paccMOTPeTb BONPOC O NpoBeAeHnn
[OMOMTHUTENBbHbBIX UCCNefoBaHWiA.

XoTs BpefgHoe Bo3geictBne S02 Hmxe, yem NO2 (nopor BpegHoro Bo3geictens S02 NpuMepHO Ha
OOMH NOPSAOK Bbile no cpaBHeHMo ¢ N02), SO02 Takke MOXET 3ac/yxuBaTb OTAENbHOIO PaccMOTpPeHus,
ecnun koHueHTpaumsa SOx B notoke CO02 Bbiwe koHueHTpauun NOX.

B pamkax npoekta CO2QUEST 6bI110 npoBefeHO uccnefoBaHMe BO3MOXHbIX PUCKOB OT BCEX NpuMe-
ceil. B paboTe 6blsia UCNoNb30BaHa MHOIOKpUTEpUasibHas MeTO40/0rMsA, KOTopas yunTbiBasia pasHyo npupo-
4y oueHuBaeMbix adhdrekToB. PesynbtaTel noagreepxgatot, 4to NO2 1 H2S aBnatoTcs BpeAHbIMU NPUMECAMU C
MaKkCMMasibHOlW TOKCMYHOCTbIO (CM. [64]).

Ansa ynaBnusaHma C02 B npoLeccax «nocne» CXUraHus ofHol M3 OCHOBHbIX MPo6aeM aMUHOBbLIX pac-
TBOpUTENEl ABNSEeTCA 06pa3oBaHMEM MPOAYKTOB VX Pas3/iOKEHUS, NMOTEHUMaibHO BPeAHbIX AN YefnioBeka u
oKpyXatoLlieli cpefbl. 9T NPOAYKTbI pa3foxeHns 06pasyloTcsa BXUAKONM hase pacTBOPUTENS, HO Takke MoryT
BblAENATLCA C ra3o06pasHbiMy Bbibpocamu, YTO yBesimunBaeT NoTPebHOCTb B AOMNONHUTENIBHOM MOHUTOPUH-
re. OgHoit n3 ueneii npoekta ANR DALMATIEN (cm. [24]) n komaHAabl Brnana 6bina paspaboTka HOBbIX aHa-
NINTUYECKNX METOAO0B ANA UAEHTUMKALMM NPOAYKTOB PasfoXeHNs MOHO3TaHOMaMUHa U APYrMX aMUHOBbIX
pactBoputenei (cm. [89]). Takke 6bIN10 NPOBEAEHO MUCCNef0BaHNE TOKCMUYHOCTU/3KOTOKCMYHOCTU NPOAYKTOB
pasnoxeHns MOHO3TaHoNamuHa. B HefaBHO Ony6/MKOBaHHOM 0630pe npeAcTaBfieH KPUTUYECKWin aHanus
nuTepaTtypsbl, KacawLleincs cTpaTervii, paspaboTaHHbIX B 06M1acTVW yNaBNUBaHUS «MOCNEe» CXWUraHws, ans
BbISIB/IEHWS U KOJINYECTBEHHOrO OnpejesieHUsl OCHOBHbIX K1acCoB 06pasyloLlmnxcs NpoAyKTOB pas/oXeHus,
B OCHOBHOM aMWHOB, aMWAoB, a/bAerngoB, HATPO3AaMWHOB W OpraHnyeckux Kucsot (cMm. [63]). OCHOBHbIMMU
MCNOMb3yEMbIMU aHANUTUYECKUMN METOAaMW UCCNefoBaHns XUAKOW dasbl ABASAITCA XUAKOCTHAsA Xpoma-
Torpadhms u razoBas xpomartorpadua ona aHaaMsa aMMHOB M MOHHAasA xpomaTtorpadus — Ansa aHanusa opra-
HUYECKMX N HeOpraHMyeckux KucioT. [ns onpefeneHns anbherngoB UCNosb3yT MEeTon XUAKOCTHOW XxpoMa-
Torpadun ¢ npejBapuTenibHbIM B3aMMOAENCTBMEM anbAernaos ¢ 2,4-AMHUTPOEHNATNAPA3UHOM.

6.4.3 XpoHu4yeckne ahpdekThbl

YTeuka 13 xpaHunuiia — BbicBOOOXAeHMe notoka C02 B BUAe NAOTHOW unm razoobpasHoii dasbl, cno-
CO6HOIi ABUraTbCa BBEpX (HanpvmMep, Mo pasfiomy WM CkBaxuHe). MnactoBas BOAA Takke MOXEeT BbIXOAUTb
Hapyxy. OfHako nnactoBas BOAa C pacTBOpPEHHbIM B Heli C02 n npumecsaMu MOXeT nepemMeLtaTbCs BBEPX B
CTOPOHY N1acToB C 60/1€ee HU3KUM AaBfeHNEM UM MOXET ABUraTbCA BHU3, UM B CTOPOHbI U3-3a 60/1ee BbICO-
KOl NNOTHOCTM nocne pactBopeHus CO2.

XpoHuyeckoe BO3AeNCTBUE MPUMECE MOXET BO3HMKaTb B pesynbTare A/UTeNbHON yTedkn CO02 uvnn
NaacToBbIX BOA 3@ Npefesnbl CUCTEMbl pasMeLlleHuns, Begyluei, HanpuMep, K 3arpsa3HeHU0 BOAOHOCHOrO ro-
pv3oHTa. BosgeiicTBMe yTeuknm MOXET pPacrnpoCTPaHATLCS Ha MOBEPXHOCTHbIE BOAblI B C/yvyae COeAUHEHUS C
M3Ha4yanbHO 3arpsA3HEHHbIM BOAOHOCHbLIM FOPU30HTOM.

MOXHO pacCMOTpeTb ABa OCHOBHbIX 0OBbEKTa OXpaHbl:

- 3[l0pOBbe 4yenoBeKa — 4Yepes 3arpAsHeHne NUTbeBoli BoApl. CyLLECTBYIOT NOPOroBble 3HAYEHUS KOH-
LEeHTpaumm 3arpsasHsALMX BEWEeCTB B NMTbeBOW Boge (Aupektnea EC 98/83/CE);

- OKpy>XKawLlasa cpefa — 3a CUeT 3arpA3HeHna NoA3eMHbIX Y MOBEPXHOCTHbLIX BOA,. Oporosbie 3Ha4eHns
KOHLEHTpaumii 3arpAasHaLWmMx BelwecTs npuseaeHsl B Anpektnse EC 2008/105/EC, npunoxeHue |.

KoHueHTpauus npumeceii B BOAOHOCHOM FOPU30HTE MOXET He coBnafjatb C KOHUEeHTpauuel B NoToke
CO02, NOCKONbKY OHa 3aBUCUT OT MHOXeCTBa (pakTopoB, Bk/IOUas pasmep yTeuku, ABUMXKEHUE N reoMeTputo
BOJOHOCHOIO ropu3oHTa. Ha KOHEYHYI KOHUEHTpauut MpumMecyu MOryT B/IMATb HECKOJIbKO SABNEHWIA, Takmx
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Kak afBekuusl, pasbasrieHne, reoXumMmmyeckme peakuum n copoums ropHbiMyM nopogamu. 3TN ABEHUSA MOXHO
yunTbIBaTH NPU MOAENVPOBaHUMN.

Mpu peanunsaumn npoekta CO2QUEST npuwan K BbIBOAY, YTO B LE/IOM XpPOHMYEcKasa TOKCUYHOCTb He
ABNSETCA cepbe3Holi npobnemoi Ans ynpasneHus puckamu CCS-MPOEKTOB MO CPaBHEHWMIO C XUMUYECKUMMU
puckamun (cm. [64]). OgHako 3TO 06WMIA pe3ynbTaT, KOTOPbIA HeNb3s NPUMEHWTb KOHKPETHO Ko Bcem CCS-
npoekram. OnepaTopbl NPOEKTOB AOJDKHbI NPOBOAUTL MUCCNEA0BaHUA PUCKOB 419 KOHKPETHbIX M/OWafoK Ha
OCHOBe NOAPOO6HbIX AAHHbIX U NOAPOBGHOr0 MOAENNPOBaHNS.

7 MOHUTOPVHI N METOAbI N3MEPEHUS

7.1 MOHUTOPWHI U NOPOrOoBble 3HaAYEHUSA

MoHUTOPWHT cocTaBa M MaccoBoro pacxoga notoka C02 ABnsaeTca HeOTbeM/IEMbIM 3/IEMEHTOM ynpaB-
neHnsa puckamu. MOHUTOPUHI NPOBOAAT Kak AN npouecca ynasfvBaHusa, Tak U Ansa apyrux anementos CCS-
npoekta. PEKTMBHOCTL MOHMUTOPMHIA MOBLILLIAETCA 3a CYET OnpejesieHUus NOpOroBbIX 3HA4YeHwi. [Mopo-
roBble 3Ha4YeHWs OCHOBAaHbl Ha HOPMATMBHbLIX OrpaHMYeHUAX UM Ha 3HaYEeHWUAX AN KOHKPETHbIX 06BLEKTOB
(akcnnyaTauMOHHBIX WX A0rOBOPHLIX), OnpeaenseMblX B NpoLecce KOMNEKCHON OLEHKU PUCKOB.

Ony6nukoBaH pag TpeboBaHMA U pekoMeHAaLWii N0 MakCMMasbHO AOMYCTUMbIM KOHLEHTpauusm npu-
Meceil B cucteMax TPaHCMOpPTMPOBKM U pasmelleHns CO02 (cm. npunoxeHne A, Tabnuua 1). MpeactaBneH-
Hble TpeboBaHUA CUILHO 3aBUCAT OT KOHKpeTHOro npoekta CCS: cTpaHbl, onepartopa, Tuna npoekTta, Buaa
TpaHcrnopTa U T. 4. B cooTBeTcTBMM € [48] KOHLEHTpaLMs KOHKPETHOU MPUMECKH 3aBUCUT OT KOHLEHTpauumu
Apyrux npumeceii. V13-3a OTCYTCTBUA AaHHbIX HEBO3MOXHO YCTaHOBUTb (DUKCUPOBAHHYI0 MakKCUMasibHYI0 KOH-
LeHTpauuio oAHOM npumMecu, kKorga apyrve npumecu nNpucyTCTBYIOT WM MOTYT NpUCyTCTBOBaTb. HacTtoswmii
CTaHAApT He COAEPXUT pekoMeHAaunii Mo copaepX aHuio npuMeceil.

PekomeHgauuma no kavectsy C02, Ha KOTOPYH Yalle BCEro CCblIalTCA, Oblia NpeaioxeHa B NpoekTe
DYNAMIS (cm. [22]) c yueTom noTokoB CO02, ynaBnMBaeMbliX «fo» CxuraHums. HaunoHanbHas nabopatopusi
aHepreTnyeckux texHonornii (NETL) Bbinyctuna B 2012 1. (cm. [73]) pekomeHgauumn no npegesibHbIM 3Ha4ve-
HUAM nprvMeceii, koTopble cnefyeT UCMNob30BaTh AN KOHUEeNTyasbHbIX uccnenosaHnin CCUS-npoueccos ¢
ncnonb3oBaHWeMm TPy60oNpoBOAOB U3 YI/IEPOAUCTON CTasiM C OFOBOPKOM TOro, YTO AaHHble 3HAYEHUs «He cle-
AyeT Ucnonb3oBaTb ANS peasibHblIX NPOEKTOB, KOTOPble MOryT UMETb Apyrue TpeboBaHus». PekomeHgauuu
OCHOBaHbl Ha 0630pe 55 cneundpmkaumii gns notokoB CO02, HalifeHHbIX B nuTepatype. Camas nocnegHss
pekomeHgaums npoekta CarbonNet (cm.[103]) Takke BK/IOYEHA B NpuaoxeHme A.

HekoTopble MeXxAyHapo4Hble COr/lalleHuns, PerMoHbl U CTpaHbl YCTaHaB/IMBaKT HOPMAaTUBHbIE OrpaHu-
yeHMs Mo coctaBy notoka C02. Hanpumep, JIOHAOHCKUIA NPOTOKOM TpebyeT, 4YTobbl YncToTa noToka CO2 co-
cTaBnsAna He meHee 95 % 06. AN pasMeLleHuss B MOPCKUX reoslornmyeckmx opmaumsax, npu 3ToOM AaHHbIRA
MOTOK MOXET COAEepXaTb Cry4yaliHble CONyTCTBYIOLME BELLEeCTBa, MOJIyYeHHbIE U3 UCXOAHOr0 MaTepuasna unm
B npoviecce ynasnmeaHus. Kpome Toro, JIOHAOHCKW NPOTOKON 3anpeliaeT CMellnBaHue ftobbiX 0TX0A0B UK
BeLecTB ¢ NoTokoM C02c uenbio ytunmsaumn. B AnoHnn npasmna MuHucTepcTBa OKpyxatoLlel cpefbl onpe-
genunu TpeboBaHNA K NpoekTaM no MopckoMy pasmMelteHuto CO02, BkIoYas NocTaHOBNEHWe, perynupytollee
yncToTy 3akaumsaemoro CO02. MNpu ynasamBaHum C02 ¢ NomoLlbl0 aMUMHOB TpebyeTcs, YTo6bl Ynctota C02
cocTtaBnssia He meHee 99 % 06. Korga C 02 obpasyeTcsa B npouecce npomsBoactea H2 gns HedpTenepepaba-
TbiBalOLWEro 3aBoga, TpebyeTcs, 4Tobbl ynctota notoka C02 coctaBnsna He meHee 98 % 06. (Japan Ministry
of Environment, 2011 [55]).

7.2 MapameTpbl 4519 MOHUTOPUHIA U MeToAbl U3MmepeHusa anasa notoka C02

CocTtaB noTtoka C 02 M3MeHsieTca BO BPEMEHM Ha BbIXOAE W3 YCTAHOBKW NO YNaBAMBAHUIO B 3aBMCUMMOCTM
0T MCMO/Ib3yeMOi TEXHOMOMUW YNIaBNNBaHNUs. HenpepbIBHbIA UK NOYHENPEPLIBHbLIA OHMNAAH-MOHUTOPUHT Ka-
yecTBa notoka CO02 Ha BbIXOAE U3 YCTAHOBKM MO yNaB/MBaHWIO 06si3aTesieH W CMOCOGCTBYET BbISIBIEHUIO
BO3MOXHbIX OTK/OHEHWIA. HEKOTOpblE MUMOTHLIE MPOEKTbI B TEUEHWNE HECKOJSIbKMX NIEeT eMOHCTpMpoBany no-
nyyeHune ctabunbHbix notokoB C02. CnefyeT onpeAensiTe KPOMe CofepXaHusl npuveceli cnegytouime gonon-
HUTeNbHble NapaMeTpbl: (ha3oBbIii cOCTaB TPaAHCMNOPTUPYEMOro MOTOKa, TeMMepaTtypy, AaB/ieHne, MacCoBblii
pacxof v ap. Mpyu M3MepeHnax MoryT BO3HUKaTb NPoGeMbl U3-3a IU3NUEeCcKux cBoiicTB notoka C02 n Hanu-
umna onpefenieHHbIX npumeceii. MHopmauus o BO3MOXHOM COAEepXaHuy NoToka NOMOXET onpefennTb CTaH-
JapTHble pa6oune npoleaypbl ANs U3MEPEHNUs pacxofa, MeToAoB oT6opa nNpo6 1 aHanusa. [ns MOHUTOpPUHIA
coctaBa notoka C 02Takke BaeH BblGOp ToUek oT6opa npob. Ecnm Tpy6onpoBos paGoTaeT B yCNOBUSIX NIOT-
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HOM hasbl, BLICTPOE CHWXEHWe AaBfieHus npuBefdeT K obpa3oBaHMio razoobpasHoro m TBepgoro C02. Mpu
3TOM nepexofie BO3MOXHO pasfefieHne npumecein Mexay rasoBoil 1 TBepAoi dasamu u, ecnv aHanusupyoT
TOJIbKO ra3oBylo (pasy, MOXHO NOJy4YuTb JIOXHbIe pe3ysbTaTbl aHannda coctaBa notoka C02. CobnogeHue
cTaHJapTHbIX onepauuoHHbIX npoueayp (COIM) Heo6xo4MMO Ans obecnevyeHuss HafeXHbIX U CONOCTaBUMbIX
pe3ynbTatoB aHasm3a. [Ans adeKkTMBHOro npuMmeHeHms COIlN onepaTop, BbINOAHAKLWWA N3MEPEHMUS, LO/TKEH
obnagaTb AOCTATOYHbIMU 3HAHUAMMU.

7.2.1 OT60p Npob notoka C02

OcHOBHas 3ajaya 3ak/toyaeTcs B obecrneyeHmm Toro, YTobel yC/10BUA (faBfieHne 1 Temneparypa), npu-
MeHsiemble K obpasuam notoka CO02, 6611 penpes3eHTaTMBHbIMW A/19 BCEro NnoToka.

®un3sunyeckne npobbl notoka CO2 06bIYHO OTOUPAIOT B COCYAbl BbICOKOTO AABMIEHUS U3 HepxXaBelLlein
cTa/In C NoKpbITMeM u3 nosmtetpadTopaTuieHa (MTP3) (06bIYHO Ha3biBaeMble cocygamu ANA Cy/bPUHEpPT-
HOro rasa). BaxHo paspaboTaTb cTaHgapTHble npouesypbl oT6opa npob n aHanmsa notoka CO2.

7.2.2 OnpepgeneHne hursmnyecknx CBOWMCTB M (Pa3oBOro coctaBa notoka C02

Mo cpaBHeHWO C ApyrumMy BellecTBamu, TpaHCNopTUpyeMbiMn No Tpybonposogdam (Hanpumep,
HedTbi0, NMPMPOAHBLIM ra3oM 1 BOAON), KpuTuyeckas Touka ynctoro C02 6nm3ka k Temnepartype okpyxatoLuer
cpefpl. ITO 03HaYaeT, YTO AaXe HeboNblune U3MEHEHWUs AaBfeHus u Temnepartypbl MOryT npuBecTu K Obl-
CTPbIM U CYLLECTBEHHLIM M3MEHEHNSAM (husnyeckmx cBoincTe notoka CO02 (Hanpumep, NAOTHOCTU, CXMUMAEMO-
ctun). MNpu paboTte Ha rpaHuue pasgena gas uav B6/M3N Hee MOryT BO3HMKHYTb YC/10BUA pa30BOro nepexoja
1 hopMMpOBaHMSA MHOroasHoro notoka. ®asoBble U3MEHEHWS U MHOTODasHblii NOTOK B TOUKaX M3MEpPeHUs
oTpuuaTeNlbHO CKa3blBalOTCS Ha TOYHOCTM U3MEpeHwWli, HanpuMmep, eciv pacxofoMepbl npefHasHayeHbl Ans
N3MepeHns pacxofa KOHKPETHOW dhasbl.

Onepatopbl 06bIYHO BbIGUPAIOT NPOBEPEHHbIE YPaBHEHNS COCTOAHUSA, OMUChIBaKOLLMe TepMogmHaMuye-
CKvue CBOICTBa, BKIOYasa ha3oBble paBHOBECUS, AN NpuMeHeHus k cmecam CO02 pa3Horo coctasa, KOTopble
MOTyT BO3HUKHYTb B CCS-npoektax (cm. 6.1.2). s NpOorHo3MpoBaHnsa CBOMNCTB pas/inyHbiX cMmeceil C 02 Mox-
HO MCNONb30BaTb MakeTbl MPOrPaMMHOI0 o6ecrneyeHns 478 MOAENMPOBaHUSA (PU3NYEeCcKUX CBOWCTB. OfHako
Takme mogenn TpebylT TECTUPOBAaHMA U KanMOpPOBKW, MOCKO/bKY AaXe Hebosibline OLNOKA MOTYyT NpuUBecTH
K cepbe3HbiM npobnemam npu TpaHcnopTuposke CO02. B HacTosilee Bpems fydline Mogenn UMerT 3MMNu-
pUYECKWIl XapaKTep W, cnefoBaTesibHO, He MOryT ObiTb 60/1€€ TOUHbIMK, YEM SKCMEePUMEHTasIbHbIE AaHHbIe,
KOTOpble B HWUX 3an0XeHbl. [N MoAennupoBaHuA XenaresibHO MMEeTb MOJIHble Habopbl AaHHbLIX O GUHAPHbIX
cMecax € gmanasoHamu Temneparyp, AaBfieHnsa 1 coctasa. Bonpockl, cBA3aHHbIE C UCXOAHLIMU AAaHHBLIMWU 414
MOAEeNMPOBaHUSA, GblIM PpacCMOTPEHDI B [72].

7.2.3 VIamepeHne pacxopaa

Be3 ToYHOro 3HaHusA Pa3oBON guarpammbl U TeNI0U3NYEeCcKnx cBoicTB notoka CO02 3aTpPyAHUTENbHO
BbINOMHATL TOUHOE M3MEpPEeHMe pacxoda notoka. [ns KOHKPETHOro nNoTtoka Heo6XxoAMMO NPOEKTUPOBAaTb CBOK
CUCTEMY M3MepeHusa pacxofa. TouyHble M3MepeHus MJI0THOCTU NOToKa Heobxonumbl A8 yyeta maccbl C02,
€cnn ncnonb3yemblii pacxofomep m3mepsieT 06beMHbIN pacxod. Vi3amepeHue pacxofja B couyeTaHun ¢ n3me-
peHneM KoHueHTpauun C 02 B NOTOKe, NONyYeHHON B pe3ynbTaTe ot6opa npob notoka C02, He06Xxo0AMMO ANs
pacueTa nepeHoca C02no macce no Bceit uenovkn CCS-npoekta. Hanpumep, B EBpone npoekT pykoBoAcTBa
N0 MOHUTOPUHIY W OoTyeTHocTM ansa CCS-npoekToB B cooTBeTcTBUM ¢ EU ETS TpebyeT, uTo6bI M3MepeHue
pacxoga BbINONHANN B Npefesiax YPOBHA HeonpeaesieHHOCTU U3MepeHus pasBHom 1,5 %. YTobbl gocTnYb Ta-
KOrO YPOBHS, B&XHO YCTAaHOBWTb MpPaBW/bHbIA TN pacxofomMepa B MecTax, rae yC/oBUs noToka CTabusbHbI.
Hanpumep, cyeTumkn rasa noaxogdat Ans onpegeneHHbix yacteli CCS-npoekTa, a CUETUMKN XUAKOCTU — A/1A
Apyrux.

CucTembl M3MEPeHUss pacxoda OOblYHO KanubpyloT, 06CAYXUBAKT U NPOBEPAIOT C YCTAHOBEHHOW ne-
pUoANYHOCTBLIO. PacxofoMepbl KanmbpyrloT C MUCNOMb30BaHWEM ChneunasbHbIX CPeACTB B YC/I0BMAX U Auana-
30Hax, B KOTOPbIX OHW OyayT 3akcnayaTtupoBaTbCs. Jllobble BTOPUYHbIE MPUBOPbLI (PAacnosioXeHbl Kak MOXHO
6nmKe K pacxofomepy), UCnonb3yemble 415 npeobpa3oBaHUs 06bLEMHOrO pacxofja B MaccOBbIii pacxoj, Ta-
Kne kak npubopbl ANA U3MepeHus faBfieHns, TeMnepaTypbl U NNOTHOCTU, Takke MOXHO KanubposaTb B COOT-
BETCTBMM C HaLMOHa/IbHbIMU CTaHgapTamu. CTaHAapTHble MEeTOAbl OnpeAesieHnss MaccoBOro pacxoja notoka
C02: CO 10780, NCO 5167-1, NCO 9951, ASME PTC 19.5 (n3mepeHne pacxoga), ASME MFC-6-2013,
ynomuHatTca B MCO 27919-1:2018(E) [50], tabnuua C.2.

7.2.4 OnpepenieHne KOHUEHTpauuin npumeceii

OnpepeneHne KoHUeHTpauuii npumeceli B notoke C02 Heob6xoaMmo ANs:

i) ynpaBnieHnsa umctoToil notoka CO2 1 BO3MOXHbIM BO34ENCTBMEM MPUMeECE Ha 3nemeHTbl CCS;
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ii) onpegesnieHns KonmyecTtsa TpaHcnoptupyemoro n xpaHumoro C02. inokeng, yrinepoga He eguHCTBEH-
HbI KOMNOHEHT notoka C 02 (XOTA M OCHOBHOI), YTO BaXKHO MOHMMATb MPVY MOHUTOPUHre. JTOT BONPOC pac-
CMOTpEH B pasfgesne 8.

CTaH4apTHbI MeToq onpefeneHvus KoHUeHTpauuii npumecein B notoke C02 OTCYTCTBYET, 3a MCK/OYe-
HVeM CTaHAapTOB KayecTBa MULLEBbIX MPOAYKTOB: PYKOBOACTBO MexayHapoLHOro obuectsa TEXHOOMOB Mo
npoussogcTBy HanutkoB (ISBT) no yrnekucniomy rasy obecneumBaeT OCHOBY A1 ONpefeneHns Hanayymnx
LOCTYIMHbIX METOA0B U3MEPEHMS.

MeTtog no NCO 12039 ycTaHaB/MBaeT paboune xapakTepuUCTUKM U KanmbpoBKY aBTOMAaTM3MPOBaHHbIX
N3MepuTesIbHbIX CUCTEM ONA onpefeneHnsa cogepxanHma CO, C02 n 02 B Bbibpocax M3 cTaunoHapHbIX UC-
TOYHUKOB. [leCTBYIOT CTaH4apTHble MeTOoAbl aHanu3a npuMpoaHOro rasa, B T. Y. HECKO/IbKO MeTOLO0B C UCNOJb-
30BaHMEM ra3oBOW xpomarorpagumn, paHee ynomsaHyTbiin metog no NCO 6974, a Takke metoq ACTM 1945 n
MCO 19739:2004 gns aHanusa coeguHeHnin cepbl. B MCO 10715:1997 npuBefeHbl pekoMeHgaumn no otéopy
npo6 npupogHoro rasa, B NCO 10723:2012 npuBefeHa oueHka ahdeKTMBHOCTU aHa/IMTUYECKUX CMCTEM ANS
aHanu3a npupoaHOro rasa. YkasaHHble MeTofbl MOryT OblTb HEMPUMEHUMbl A1 KOJIMYECTBEHHOIO onpeje-
neHns npumeceli B gnokcuge yrnepoga. CornacHo MCO 27919-1:2018 (npunoxeHune C, Tabnuua C.2) ans
OLEHKM YncToTbl NoToka C02 MOXHO MCMoNb3oBaTh ABa MeToga: MeTtod no NCO 6974, npegycmaTpuBaroLmii
n3mMepeHne npumeceil B MPUPOAHOM rase C MOMOLLbI0 ra3oBoOli xpomatorpadumn, n metog 3A AreHTcTea Mo
oxpaHe okpyxatoueii cpeabl CLUA (US EPA), npegycmatpuBatowmnii namepedme C02 n 0 2 B noTokax 13 cta-
LMOHAapHbIX UCTOYHMKOB. CTaHAapTHble paboune npouenypsl ANs onpefeneHns npumeceid, NpucyTCTBYHOLLMX
B MOTOKax AbIMOBbIX ra30B, A/ NUNOTHbLIX NPOEKTOB GblAN 0Ny6AnKoBaHbl B pamkax npoekta FP7-OCTAVIUS
(cm. [34]).

MpumeuvaHne — MeTtog 3A— onpegeneHne KOHLEHTpaUWin KUC/Iopoaa U AnoKeuaa yriepoga B Bbibpocax ot
CTauyoHapHbIX NCTOYHMKOB (METOAUKA MHCTPYMEHTa/IbHOTO aHauIM3aTopa).

8 Bbl6pockl notoka C02 1 KonnyecTBeHHasi OLeHKa BblIOpOCOB

B cnyyae BbibpocoB B aTMociepy notoka C02 npucyTcTBylowWme B NOTOKE NPUMECH MOTyT YCUUTb nap-
HWNKOBBIV 3PEKT No cpaBHEHMIO € YNCTbIM C02. OCHOBHbIE BO3MOXHbIE MPUMECH, KOTOpble SBNAOTCS 6osee
3HAYNMbIMWM MAPHUKOBbLIMKU rasamu, aBnstoTcd CH4 n N20, B HEKOTOPbIX CAyyasx MOryT MpuUCyTCTBOBaTb U
Apyrue napHukoBble rasbl. MoTeHumMan rnobanbHOro notensieHns (MHTerpupoBaHHbili 3a 100 net) gna CH41)
paseH 28, ona N20 — 298, agna C02— 1

MpuMmeuaHne — BnvsHUE NpUMECENd, BKOHYAS MNAPHUKOBLIE rasbl, HA KOMMUECTBEHHYIO OLIEHKY U OTYETHOCTb
B ICO 27920 He paccmaTpyBaeTcsl, NpuBeAeHa TO/MbKO KONMUYECTBEHHas OLeHKa W BasiMaauysi NosydeHHbIX AaHHbIX.

Ecnn B noTokax C 02 npucytctByeT CH4, To ero KoHueHTpayms o6biuHO Hke 100 ppm (cMm. pasgen 5).

OpgHako B cnyvyae EOR-npoektoB CH4 06bI4HO MPUCYTCTBYET B MOTOKE peuupkynavpylowero rasa. W3-
MepeHne 1 KonMyecTBeHHas oueHka CH4 ans Takmx NpoekToB MOXET ObiTb 06s3aTesibHOl No TpeboBaHuMIo
perynupyoLuimx opraHos.

B notoke C02 Ans nNpoLeccoB «MOC/e» CXuraHus KoHueHTpaums NOXx coctaBnsieT npubnmsmtenbHO
10—30 ppm (cm. pasgen 5), a N20 moxeT npucyTcTBoBaTb B konmyecTtse npumepHo ot 0,1 go 1,0 ppm. B npo-
uecce ynaBnAnBaHMA «4o» CXuraHus (0COGEHHO C MCMO/b30BaHMEM MCEBAOOXMKEHHOTO CMN0s) OKCuAabl asota
NPUCYTCTBYIOT B 60/1ee BbICOKMX KOHLeHTpauuax (okono 300 ppm), a N20 MOXeT COCTaBATb 3aMETHYH UX
yactb (cm. [88]). Mpu cogepxaHmm B notoke C02 10 ppm N20 noTeHuman rnob6asibHOro NOoTensieHnMs NoToka
yBenuumnsaetca Bcero Ha 0,3 % no cpaBHeHWM0 ¢ YnucTbiM CO02 (nockonbky 10 ppm * 298 » 3 * 10-3). Takum
o6pa3om, B criyyasix, He cBfi3aHHblx ¢ EOR-MpoekTamu, BAWSHUE NpuMeceil B KayecTBe AOMNONHUTENbHbIX
BbIGPOCOB NAapHMKOBLIX Fa30B, BEPOSATHO, HE3HAUYNTELHO MO CPaBHEHUID C MOTEeHUManbHbIMY BbiGpOCaMu ca-
moro C02. 9ta npobnema paccmotpeHa B MICO 14064 (Bce yacTtu) (cM. [45]—[47]), 0COBEHHO ecnn aHanus
XXWU3HEHHOrO umkna BbinonHsaeTca ana scero CCS-npoekTa.

1) B Poccuiickoii degepaumn paseH 25.
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9 Tlpobnembl nHTErpauymn npu peanusaymm CCS-nNpoekToB

9.1 OrpaHunyeHus, npeabsaBngdemMble K coctaBy notoka C02

TexHO/I0rMYeckn BO3MOXHO 0O4YUCTUTL NOoTOoK CO02 noytm go 100 % B npouecce KOHAMLMOHUPOBAHUA
rasa. OgHako B G0O/IbLUMHCTBE C/lyYaeB MNpeanoyTuTesibHee VMeTb MeHee XecTkue TpeboBaHus, YTOObl CHU-
3UTb KakK 3KcnjyatauMoHHble, Tak W KanuTasibHble 3atpaTbl. OCHOBHOW BOMPOC 3ak/vaeTcss B TOM, Kakas
yacTb CCS-npoekTa B 3HAYUTE/IbHON CTeNeHn onpegensieT TpeboBaHnsa K cocTaBy notoka C02.

Tpebyemasi unctota notoka C02, nocTynawLwero ¢ yCTaHOBKN YAaB/MBaHWUS, B 3HAYMTENbHOI CTENEHN
onpegensieTca oneparopamu TPaAHCNOPTUPOBAHMUSA, 3aKayku U pasMelleHus UM UHbIMU 3aKoHOoAaTeslbHbIMU
Tpe6oBaHuAMKU. OnepaTopbl YCTAHOBOK y/iaBNuUBaHUs, cKkopee BCero, He 6yayT caMOCTOATE/IbHO YyCTaHaBAn-
BaTb TpeboBaHus, HO UM MOXET NoTpeboBaTbCs ounmcTka notoka C02, yTobbl COOTBETCTBOBATL TPEOOBAHUAM
Mo TPAHCNOPTUPOBAHUIO, 3aKauyke, pasMeLleHnio Win ytunmsaumm. OrpaHnvyeHmns no cofepxaHuto npumeceri
6yAyT 3aBUCETb OT KOHKPETHOrO NpoekTa, HeobxoArM npouecc onTuMusauuun, Npu KOTOPOM CTOMMOCTb OUYUCT-
KW [O/MKHA ypaBHOBELUMBATLCSA CTOMMOCTbIO MCNOJMIb30BaHWS 60see yCTOMUYMBBLIX K KOPPO3UW MaTepuasnos,
CTOMMOCTbIO U MOCNeACTBUAMU CHUXKEHUSA NPUEMUCTOCTM XpaHUIMLLa U3-3a BO3MOXHbIX HeXenartesibHbIX pe-
akuuii B nnacTe, a Takke CTOMMOCTbIO NPOCTOS Y pEMOHTA.

CofepxaHvue npumecei, KoTopoe MOXeT OblTb NMPUHATO U KOHTPONUPYETCA onepaTopamMu TpaHcnopTa,
3aKauku 1 pasMelleHusi, byaeT onpefenstb COCTaB MOTOKA, KOTOPLIA JO/MKEH obecneunTs onepaTop ynasnau-
BaHUS.

9.2 OnTnMmunsaumnsa cocrtaBsa notoka C02 Ha OCHOBE TEXHUKO-9KOHOMUYECKUX OLEeHOK

dusnyeckoe n XMMMUYeckoe BO3AENCTBME Pas3/IMUHbLIX NPUMecel UK nx KOMOMHaUWA Ha OTAEeNbHbIE 3Ta-
nbl CCS-npoekTa onmMcaHo B Npeablaylwmx pasgenax. Ecnm nssectHo BAMSHWE NpuMeceli Ha oTAesnbHble 3ne-
MeHTbl CCS-npoekTa, coctaB notoka C02 MOXHO ONTUMM3NPOBATh C LIE/IbI0 MUHUMMU3ALMN HexXenaTesibHbIX
Bo3aelicTeuiAi. OnTuMmnsaums coctaBa notoka C02 no3BosmT obecneynTb 6€30MacHOCTL TPAHCMOPTUPOBAHNS,
3aKaukn 1 pasMeLLeHns npyM 04HOBPEMEHHOM CHUKEHMUM IHEpronoTpebneHns u 3atpat Ha akcnnyartauuio. On-
TMMM3aLU0 cocTaBa NMOTOKa MOXHO NPOBOAMUTL C YYETOM Pas/iMyHbIX BapuaHToB peanu3aunm CCS-npoekTa,
Hanpumep, co3gaHvne AOMOJSIHUTENIbHON CTYNEHM OYMUCTKM WK BbI6Op 6osiee KOPPO3MOHHO-CTOMKMUX Matepua-
noB Ansa TpybonpoBoAHOro TpaHcnopTa.

[ns oueHKN pa3NU4YHbIX BApWaHTOB MPOEKTUPOBAHUS TPAHCMOPTHON ceTu Ans noTtokoB C02 TexHWKo-
9KOHOMMYECKas OLeHKa SAB/SAETCA LEHHbIM MHCTPYMeHTOM. CyllecTByeT HecKO/IbKO WCC/ef0BaHUi, B KOTO-
pbiX OueHMBaNn BAusHMe npumecein Ha CCS-npoekT B uenom. NogobHble nccnefoBaHUs ykasbiBalT Ha TOT
thakT, yTo onTMMM3auns notoka CO02 aBnsaeTca cneynduUUHO AN KOHKpeTHOro npoekta (cm. [14], [81], [92]).
Henb3s npuBecTy o6liMe pekoMeHAaLmu No onTMManbHOMY cocTaBy notoka CO02, kak yka3aHo B pasgene 7.
PekomeHayeTcs aHann3mpoBaTb 9KOHOMUYECKYH 3(hEKTUBHOCTb yAaneHus npuMeceli Ha atane BblgeneHns
N0 CPaBHEHMWIO C BO3MOXHbIM BO3[ENCTBMEM 3TUX NPUMecell Ha Apyrne afieMeHTbl NpoekTa. TeXHUKO-3KOHO-
MUYECKNE OLEHKN HEeCKONbKNX ModenbHbix CCS-NPOEKTOB NoKasasim 3KOHOMUYecky ahhekTBHOCTL yaane-
HMA NpUMeceil Ha aTane BblAeneHus anokcuga yrnepoga (cm. [14]).

MoMMMO TEXHMKO-9KOHOMUYECKMX OLEHOK, B cTaHgapTe ISO/TR 27918 (cm. [53]) n3noxeHbl meponpu-
ATUA ANS y4eTa pas/IMyHbIX PUCKOB, Ha KOTOpble BAMSET cocTaB notoka C02 n/unm Hanmuve onpepeneHHbIX
npumMecei.

9.3 CmewmBaHne notokoB C02 nepep 3akaukoi: nNpobrsiembl KpynHbiXx CCS-NpoekToB

Peanusauma kpynHoix CCS-NpoekToB MOXeT OblTb OAHVM K3 BapuaHTOB CHUXEHWS 3aTpar Ha TpaHc-
noptuposaHue n pasmelteHme. KpynHole CCS-npoekTbl MOryT BKtoYath nogady C02 n3 pasHbIX MICTOYHUKOB
B O6LLYI0 TPAHCMOPTHYIO ceTb u/mnu 3akauky C02 B HECKONbKO MeCcT pa3MelleHus. B nocnegHee Bpems 6b1s10
pa3paboTaHO HECKO/IbKO KpymHOMaclTabHbIX MHPaCcTPYKTYPHbIX NPoekToB B EBpone B paiioHe CeBepHO-
ro mops. [elicTBylole B HacToslee Bpems TPybONpoBOAHbIE CETU MPUHUMAIOT A/ TPaHCNoOpPTUPOBaHMUSA
noTokn C 02 BbICOKOW YMCTOTbl OT HECKO/IbKMX WMCTOYHWKOB BbIOPOCOB MWW MPUPOAHbIX UCTOYHMKOB CO2 1
BK/IOHAKOT B Ce6S MarmctpasibHble Tpyb6onpoBoAbl Masioli unu cpegHein anuHbl (HEKOTOpbIe MpUMEpPbl MOXHO
Halitu B [73]). CywecTByeT pag TPaHCNOPTHbIX CeTel, KOTOpble HaXOAATCA Ha pas/IM4YHbIX CTaguax paspabdoT-
kn (Hanpumep, npoekT Alberta Carbon, KaHaga; geMOHCTpaLMoHHbI npoekT B Hopeeruu; npoekt CarbonNet,
ABcTpanvs; npoekT Porthos, HugepnaHgpl).
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O6beaunHeHne notokoB CO2 M3 pasHbiX UCTOYHMKOB ANS1 TPAHCNOPTMPOBAHUA MMeeT onpefenieHHble
npevmMyuiectsa (Hanpumep, pasbasnieHve 3arpsAsHAOLWeEro Bewectsa). [JonosHMTebHbIE BapuaHTbl ONTUMU-
3aumm coctaBa notoka CO02 moryT BkIYaTb pacnpeneneHve notokoB C02 OT pasHbIX UCTOYHUKOB TakuUM
06pasom, 4Tobbl CMABHO 3arpsi3HeHHbIN NOToK C02 06begmHAnca ¢ notokamm C02 601€ee BbICOKON YUCTOTLI.
OfHako Takas cxema nojaym MOXeT npuBecTu K obpasoBaHuio notoka C02, He cooTBeTCcTBYlOWEro Tpebosa-
HWAM, Hanpumep, ecnu 6yaeT npepsaH 60nee YMCTbli NOTOK. BO3HWMKHOBEHME MOTOKa 605ee 3arpsa3HeHHOro
CO02npu 3TOM NOTEeHUnanbHO npeacTaBnseT TeEXHUYeckne 1 OUHaHCOBbIE PUCKU.

Mpu konebaHnn pacxofa oThesbHbIX NOTOKoB C 02 6yaeT HabntoaaTbCcs BpeMeHHass U3MEHUYMBOCTb Mac-
COBOro pacxofa v cocrtaBa B TPy6ONpOBOAHbIX CETAX (Hanpumep, cM. [92]). Takas cuTyauus MOXeT BO3HMKaTb
npu paboTe anekTpocTaHumil. VI3MeHYMBOCTb Kak MaccOBOro pacxofa, Tak u coctaBa notoka C02 06blYHO
YyunTbIBAIOT NPU MPOEKTMPOBAHMMN U 3KcnayaTaunm KpynHbix CCS-npoektos. MNpu 3TOM HE06XO0AUMO YUMUTbI-
BaTb MPOMNYCKHY CNOCOGHOCTbL Tpybonposoga M AOMNYCTUMOCTbL M3MEHEHMA pacxofa Npu TpaHCnopTuposa-
HAM 1 3akayke. Kpome Toro, MoXeT BO3HUKHYTb MOTPEOHOCTb B CO3JaHMU BPEMEHHOIO XpaHuiuwa, a Takke
B YNpaBfeHUN 3akaykoi 1 pasMmelleHmeM, YTo NoTeHUnanbHO MOXeT noTpeboBaTb CO34aHNs HECKOIbKNX Ha-
rHeTaTesIbHbIX CKBaXWH W NJIOWaA0K A5 pasMeLleHuns.

M3meHeHne cocTaBa notoka C02 B Tpybe MOXEeT NPUBECTU K BPEMEHHbIM U3MEHEHUAM Tennodgusnye-
CKUX CBOWCTB noToka CO02 (cm. pa3gen 6). MI3ameHeHne XMMUYecKnx CBOWCTB noToka CO02 6yaeT BAMATL Ha
npoTekaHne XUMUYECKMX MPOLLeccoB B Apyrux anemeHtax CCS-npoekta (KOppo3va CTasiv, reoxumumyeckue
peakumn u T. 4.). Hanpumep, OKUC/INTENbHO-BOCCTAHOBUTE/bHbIE CBOMCTBA NoTokoB CO02 CyllecTBEHHO 3a-
BUCAT OT MUCMOJ/Ib3yEeMOI TEXHOMOMMKN ynaBnueaHus. CrnegosaTtesibHO, ec/im notoku C02 ¢ pa3nuyHbIMU OKMC-
NINTENbHO-BOCCTAHOBUTE/IbHLIMY CBOWCTBaMM NOAalT NepeMEHHbIM 06pPa3oM, TO OKUC/IUTE IbHO-BOCCTAHOBK-
TeNbHble CBOWCTBA 06BbEANHEHHOIO MOTOKA MOTYT TakKe U3MEHSATLCS.

Mpn koM6MHMpPOBaHUM NOTOKOB CO2 M3 pasHbIX WUCTOYHMKOB, pas/fiMyarolMxcs no CBOEMY COCTaBy,
cnekTp npumeceli B 06beAMHEHHOM NOTOKE MOTEeHUManbHO byaeT 6oblie. B 06begmHeHHOM notoke C 02 mo-
ryT NPOUCXOAMNTb XMMMYECKME peakuny B 3aBUCMMOCTI OT cocTaBa 1 pacxoa notokoB C02. COOTBETCTBEHHO,
HEeKOTOpble HauuoHasbHble/MeXxayHapoHble npasuia MOryT HasaraTb onpefefieHHble OrpaHuYyeHns Ha Ha-
nune onpefeneHHbIX NnpuMecein nnn TpebosBaTb aHannsa prCKoB, BO3HMKAKOLMUX MPW HECOBMECTUMOCTMN pas-
NNYHbIX NpumMeceli. Hanpumep, S02 1 H2S MoryT pearmpoBaTb MexAay co60i ¢ o6pa3oBaHMeM TBepPAON cepbl
WM HeHacbllWeHHble yrnesoaopoabl MoryT pearnpoBaTb ¢ NO2 ¢ o6pa3oBaH/eM HecTabusibHbIX MPOAYKTOB
(cm. pasgen 6). KoHKpeTHble OLEeHKM nmomorarT onpefenuTb BAUAHUE U3MEHEHWs MacCoBOro pacxofa wwnm
coctaBa notoka C02.

Mpu peanusaumm KpynHbix CCS-NPOeKTOB MOXHO 06ecneuntb 60/bLWYH TMOKOCTbL NPY BO3HUKHOBEHWUMU
OTKNOHeHWIA B noToke C02. OgHako co3gaHue KpynHoMacliTabHol MHdpacTPYKTypbl CONPSHKEHO C onpeje-
JIEHHBIMWU PUCKaMM, Ha KOTOPbIE MOXET B ONpefesieHHol cTeneHn BAuATb cocTaB notoka CO02. NHpacTpyk-
Typa TpaHcnopTupoBaHmsa u pasmelleHns C02 gomkHa ObiTb CNPOEKTUPOBaHA C YH4ETOM OXMAAEMOro Macco-
BOrO pacxofia v coctasa B npefesiax 3afjaHHoro gmuanasoHa.

10 BbiBOAbI

Motokn C 02, ynaBnvBaeMble Ha 3/1EKTPOCTAHLUMAX M B NPOMbILIEHHbLIX Npoueccax, cogepxar 60MbLuoe
pasHoobpa3ue npumeceli, COCTaB U COAepXaHMe KOTOPbIX 3aBUCUMT OT TuMa TOMNAMBa WM Cbipbsi, npoLecca
o6pasoBaHua CO02, npouecca ynaenueaHuss C02, a TakKe 3TanoB OKOHYATE/IbHOW OYMCTKU U cxatusa. Ons
kaxxporo CCS-npoekta MOXHO OnpefenuTb Avana3oH KOHUEeHTpauuii OCHOBHbIX MpUMeceli, Aaxe HecMoTps
Ha TO, YTO AaHHble M0 COAEPXaHMN HEe3HAUYUTENbHbLIX Npumecein (Takmx kak SOx, NOx, CO, H2S) 1 no meTan-
JINYECKMM U OpraHnyeckumM KOMMOHEHTaM OCHOBaHbl HA MOAE/bHbIX OLEHKaX, a He Ha U3MepeHUsIX.

YcTaHOBMEeH OOLIUPHBIA NepeyveHb PU3MUYECKUX U XUMMUYECKUX I(DEKTOB, BO3HUKAKOLLMX U3-32 HANU-
ums npumeceii. NpuMecyn MOryT okasbiBaTb BO3JENCTBME KaK Ha Has3eMHble, TaKk U nogsemHble yactu CCS-
npoekTta. Kpome Toro, HEKOTOpblEe NPUMECK MOTYT OKa3blBaTb TOKCMYECKOE BO3AeElCTBME.

MoHuUTOpWHI cocTaBa notoka C02 MMeeT BaXHOe 3HayeHue 1 NomoraerT:

i) o6ecneunTb Haganexatllee BbINO/IHEHME BCEX Onepauuii;

i) CHA3UTb PUCKN HEraTMBHbIX BO3AENCTBUIA;

iil) obecneynTb NPaBUNBHYIO KOTMYECTBEHHYIO OLEHKY XpaHUMbIX (MM BblbpacbiBaeMbiX) NapHUKOBbIX
rasos;

iv) cnocobcTBOBaTb OOMEHY 3HAHMAMU MeXAy 3auHTepecoBaHHbIMW CTOPOHAMU U 06LEeCTBEHHOCTbLIO.

KoHTposb 3a npoueccoM ynaBnuBaHWs, OKOHYATEs/IbHOM OUMCTKOW M CXaTuem nomoraeT ynpasnsTb CO-
ctaBom notoka CO02.
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JonycTumas KoHUeHTpauusa npumeceil B NOTOKaxX 3aBUCUT OT CYLLECTBYIOLLUX TEXHUYECKMX TpeboBaHui
N UHbIX NPaBOBbIX HOPM.

CyLLECTBYHOLWNIA YPOBEHb TEXHUKMN ONpeAeneHns KOHUEeHTpauuii npumecein 1 NnoTeHuManbHOro BO3aeli-
CTBUA NOATBEPXAaeT, YTO ynpasfieHne cocTtaBoMm notoka CO2 ABnsAeTcA CKBO3HON MpobnemMoi ons MHTerpu-
poBaHHbIX npoektoB CCS. CwmewinBaHue notokoB CO02 M3 pasHbIX UCTOYHWUKOB MOXET MPUBECTU K AO0MOS-
HUTENbHbIM Npo6riemam C TEXHUYECKOW, 3KOHOMWYECKOW WM HOPMAaTUBHON TO4YeK 3peHusi, 0COBeHHO ANns
KpynHomacLTabHbIX NPOEKTOB.

CoctaB notoka C02 npu peanusaunn CCS-npoekta 6yaeT BAUATbL HA KOHCTPYKLMIO 1 paboTy npoLuec-
ca ynaB/fiMBaHUS U OKOHYaTe bHbIX 3TanoB O4nUCTKN. OfHaKo onpefennTb NOporu Ans OTAe bHbIX npumeceil
C/IOXHO MO ABYM OCHOBHbIM MPUYNHAM:

- BO-MepBbIX, onepaTopbl 06bIYHO MPOBOAAT UCC/EAOBAHUA PUCKOB A1 KOHKPETHbIX MAoLWafokK ¢ yye-
TOM [JaHHbIX O NPOEKTE;

- BO-BTOpbIX, B3aumMoeincTeue npumecein Apyr ¢ ApyroM 1 UX OKpYXeHWEM MOXET MpUBECTU K BO3Aeii-
CTBUSIM, OT/INYHBLIM OT BO34ENCTBUS OAHON nNpumecu B notoke CO2.

Takum 06pa3om, MOPOroBble 3HAYEHUA KOHLEHTpauun 3aBUCAT OT KOHKPETHOTO cnyvas v nogiexar on-
TMMM3auun ana Bcero npouecca CCS ¢ ToukM 3peHus obecrneveHusi 6e30NacHOCTU, 3alUuUTbl OKpyXarollel
cpefpbl, CHWKEHNSA 3HepronoTpebeHnsa 1 UHbIX 3arpar.
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MpunoxeHue A
(cnpaBo4HOE)

Koppo3unsa B npucyTcTBMU NI0THOW ¢ha3bl C02

A.l Vimetowmiica onbIT

C02 npenmyLLEeCTBEHHO TPAHCNOPTUPYIOT B BUAE MIOTHON hasbl C HU3KMM CoAepXaHuem BOApbl, YTOObI n3bexarb
06pa3oBaH1s rMapaToB ¥ NPOTEKaHUs KOPPO3UN.

CO02 TpaHCMopTMPYIOT M UCMOMb3YHOT B MULLEBOM MPOMBILLIIEHHOCT U A9 MOBbILEHUS HediTeoTdaun M1actoB
(EOR) Ha npoTsikeHun aecatuneTuli, B ocHoBHOM B CLUA [43]. O cepbesHbix npobsiemMax ¢ kopposueli B Toli YacTu cu-
CTeMbl, KOTOpas noAseprasiacb BO3AENCTBUIO JOCTATOUHO Cyxoro v umictoro C02, He coobLaiock. CorflacHO CTaTUCTUKe
OPS (¥YnpaBneHus no 6e3onacHOCTU TpybonpoBoAoB), B nepuog ¢ 1986 no 2006 rog 6bi10 3aperncTpmupoBaHo Beero 12
C/lyqaeB yTeukn u3 Tpy6onposogos CO02— HY ofHa M3 HYX He MNpviBesia K TpaBMUPOBaHUI0 HacesieHus (cm. [80]).

YacTo ccbuiakoTes Ha NONOXMTENbHBIA OnbIT TpaHcnopTuposaHus CO02 B CLUA, yTtobbl gokasark, YTO TpaHCMopTyW-
poBaHve CO02 no Tpy6onposogam He siBnsieTcs 60/bLuoi npobnemoii gnsa CCS-npoektoB. O60CHOBAHHOCTb TaKO TOYKM
3peHns MOXeT ObITb NMOCTaB/IeHa Mof, COMHEHVe, NOCKobKy CO2, ynasnMBaeMblii Ha 3M1EKTPOCTaHLMAX, KOTopble pabo-
TaloT Ha MCKOMaemMoM TOMN/IMBE, MOXET JasaTb N/oTHyt0 dhasy CO02, cogepxallyto nMpUMecy, KOTopble paHee He TpaHc-
NopTUPOBA/TN.

A.2 Tpe6oBaHus 1 pekomeHgaumm. O630p NUTEpPaTyphbl

Ony6vKoBaH psig, TPe60BaHWI 1 peKoMeHAALMI M0 MaKCUMaTbHO JOMYCTUMBIM KOHLIEHTPaLUSM NpyuMeceit B noTo-
kax C02 npu TpaHCMOPTUPOBaHUM 1 pa3MeLLeHnn. Hambonee yacTto umMtupyemble pekoMeHgaummn no kavectsy C02 6bum
npegnoxeHsl B npoekte DYNAMIS (cm. [22]). HaunoHanbHoi nabopartopueii aHepreTuyeckux TexHonoruii (NETL) Bbiny-
weHbl B 2012 r. [73] 1 2013 1. [75] PykoBoACTBa MO KAYECTBY, B KOTOPbIX AaHbl PEKOMEHAALMN MO NPeae/IbHbIM 3HAUYEHNM
npuMeceld, KoTopble CriegyeT MCMob30BaTb Npu peanmsauym CCUS-NPOEKTOB € MCMO/b30BaHWEM TPYOGOMNpoOBOAOB U3
YrnepoancToii CTasin ¢ OroBOPKOWA: «AaHHOe PYKOBOACTBO NpeAHa3HaueHO TOMbKO /1 KOHLENTYaslbHbIX UCCefoBaHuUiA Mo
06LLeMy CLEeHapuio 1 He JO/MKHO UCMOSb30BaThCA A/19 peasibHbIX MPOEKTOB, B KOTOPbIX MOryT 6bITb TpeboBaHWs, OTINY-
Hble OT NpeAnosiaraeMoro 34ecb 06Lero cueHapus» (cMm. [73], [75]). PekomeHgaumm 66U OCHOBaHbI Ha 55 nuTepaTypHbIX
nctouHmkax (cm. [73], [31]). Mpoekt CarbonNet onybankosan B 2016 I. npeaBapuTesibHble TPEOOBaHMSA MO COCTaBy NOTOKa
CO02(cm. [103]). Opyrue yacto uitpyemble TpeboBaHus CO2 npeactassieHbl IPCC (cm. [44]) v B [57].

Tpebosanus npoektoB DYNAMIS, NETL 1 CarbonNet, a Tawke TpeboBaHua no uictote C0O2 s CyLLIECTBYHOLLMX
Tpy60NpoBOAOB NpuBeLeHbl B Tabnuue A.l. B TabnuLy Bk/IKOUYEHbI NOTEHLMabHO Hanboree arpeccuBHble npumeck (H20,
H2S, 02, NOx, SOx, CO) C TOuUKM 3peHunsi Kopposun. TpeboBaHNS CU/IbHO Pas/iMyaloTCs Y MOTYT 3HAUUTE/TbHO OT/INYaThCH
OT (DaKT1YEeCKOro coctaBa TpaHcnopTupyemoro C02.

O60CHOBaHHOCTb MHOMUX M3 MPeAsIOKEHHbIX PEKOMEHAALMI MOXET ObITb NOCTaB/IEHA MOL, COMHEHUE, MOCKOMbKY
ykasaHHble B [68], [8] cocTaBbl C02, KOTOpblE B HACTOSLLEE BPEMS TPAHCMOPTMPYIOTCA Mo TPyO6ONpoBo4aM, He BKIKYAKOT
npvMecK AbIMOBbIX ras3os, Hanpumep, S02 1 NO2.

Ta6nunya Al — KoHueHTpauun npuMeceil B MOTOKaxX CyLLECTBYHOLLMX TpybonpoBogos [68], [8] 1 3asBneHHble AA
npoekToB Dynamis [22], NETL [73], [75], CarbonNet [103], a Takke ucnonb3oBaHHble B IFE akcnepumeHTe [1], KOTOpbIi
onvcaH B pasgene A4

KoHueHTpauum npumeceit B notokax C02 KoHueHTpaymm npumeceli B ony6aMKOBaHHbIX Mogens-
cyuecTBylowmx Tpybonposogos [73], [75], pekoMeHgaunsax n TpebosaHusax [22], [73], [75], [31], [103], HbIA 3KC-
ppmv ppmv nepumeHT
Mpumecs,
ppmv Canyon Central
Reef Basin F?ort;ez Weyburn DYN2A2MIS NET;‘SWS]‘ O630p [81] C:lrbozs;t IFE [1]
Carriers Pipeline Ipeline 22] [75] (31], [103]
730 [73]/
H20 122 630 630 20 500 500 [75] 20—650 100 122
H2s <260 <26 20 9000 200 100 20—13 000 100 130
(6(0) — — — 1000 2000 35 10—5000 900 —
40 000
02 — <14 — <70 <40 000 [74]/10 [75] 100—40 000 20 000 275
NOx — — — — 100 100 20—2500 250 96
SOX — — — — 100 100 10—50 000 200 69
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A.3 Kopposusa B unctom C02 v B NpuUCyTCTBUM BOAbI

Korga obcyxaaeTca npvemniemMoe cofepxaHvie Bofpl B notokax C02, 06bIYHO YTBEPXIAETCS, YTO HUKakas ¢hasa,
cofepxalas Bogy, He GyfeT BbI3biBaTb KOPPO3M0/06pasoBaHne rMaparos, [0 TEX Mop, NokKa KOHLEHTpauua BoApl 3HaUMN-
TeSIbHO HWKe ee pacTBOpMMOCTM B unctom CO2. PactBopyMOCTb Bofpl B Unctom CO2 coctasniseT 6onee 1000 ppmv B
Avana3oHe TemnepaTtyp, XapakTepHbIX 415 Tpy6onpoBogHoro TpaHcnopTa (4 °C — 50 °C), niabopaTopHble 3KCNepUMEHTbI
1 NOMeBoli OMbIT NOATBEPXKAAIOT OYEHb HU3KYI0 CKOPOCTb KOPPO3UM TPYOGOMPOBOAOB B TEX Crly4asix, KOrga cofepxaHue
BOAb! HaxoauTcsa B AnanasoHe ot 20 go 650 ppmv.

Bopga obpasyet apyryto dhasy npu npeBbiLeHnN npeaesa pacTBOPUMOCTH, Y IKCMEPUMEHTasIbHbIE UCC/IEA0BaHNS C
nnotHoi dhazoii C02 n cBO6OAHOM BOAHON ha3oli MOKa3bIBAKOT, YTO CKOPOCTb KOPPO3WM YBEIMUMBAETCS C MOBbILLEH/EM
TeMneparypbl, a 3amTHas Mn/1eHka Ha NoBEPXHOCTU MeTaul1a, COCTOoALLAA M3 NPoLyKToB Kopposun FeCO03, paspyLuaetcs
NPV pocTe KOHLEHTpaLyn NpoAyKTOB KOPPO3WK, YTO B CBOK o4epeb 00yC/iaB/IMBaET BbICOKYHO CKOPOCTb SIOKasIbHOM Kop-
po3vn. YkasaHHble HabMoAeHss COOTBETCTBYIOT TEHAEHLMAM, KOTopble HabndaloTes npy 601ee HU3KOM napLvasibHOM
AasneHun C02, cogepxallemcs B rase npu Aodbive Hedptv 1 rasa. OCHOBHOE OT/IMUME 3aK/toHaeTcs B ropasgo 6ornee Bbl-
COKoM AaBneHun C02, 4To 06bIMHO NPUBOAUT K 6o/1ee HM3KOMY pH, ropasgo 60nee BbICOKOM pacTBOPMMOCTU NPOAYKTOB
KOpPpPO3uKn 1 6o/IbLLIEMY KOIMYECTBY MOHOB H+ 1 H2C 03, KOTOpble MOryT Bbi3blBaTb KOPPO3WIO CTaun. Pe3ynsTatoM MOXeT
6bITb 3KCTPEMasIbHAsi CKOPOCTb KOppo3uK, npeBbiwatowwas 30 mw/rog, (cm. [2]).

A.4 MpumMecK 1 o6pa3oBaHne KOPPO3MOHHO-AaKTUBHbIX (da3

Mpy Hamuum Takmx npumecei, Kak Boga, SOx, NOx, 02, CO 1 H2S, BO3MOXHO NpoTekaHne psga XMMUYECKuX pe-
aKUWiA, KOTopble MOTYT MPUBECTU K 06Pa30BaHNI0 CEPHOM/CEPHUCTON KUCOTbI, a30THOW KUC/OTbI U 3N1EMEHTaPHON cepbl.
CoctaB C02, ykasaHHbIiA B nocnefHem cronbue Tabmmupl A1, 6bUT UCNOMBb30BaH B 3KCMEPUMEHTaxX C KCMO/b30BaHNEM
kavatoLierocs asToknasa B IFE (VIHCTUTYT aHepreTuyecknx TexHonoruii) [1]. SkcnepumeHT nokasan, yto H2S04, HNO3wu
anemMeHTapHas cepa 06pasytotcs (CM. pUCyHOK A.1) Npy KOHLEHTPaUUAX NpuMeceil Hwke npeaesibHbIX 3HaUeHU, yKkasaH-
HbIX B Tabnmue A.1.

PucyHok A1 — H2S04, HNO3 1 anemeHTapHas cepa, 06pa3oBaBLUMECS B XOAE M3YYeHUs1 KOPPO3UM B SKCMEPUMEHTE,
nposegeHHoM nipu 45 °C, 100 6ap v coctae C02, KOTOPLIA yka3aH B nocriegHem ctonéue tabnmubl Al

A.5 OnpegeneHne gnanasoHa cogepXxaHusa npumecen gna 6esonacHor TpaHcnopTupoBkun C02

Ec/ noBepxHOCTb YriepoancToli CTa/i CMauvMBaeTC BOAOCOAEpXaLLei ha3oid, TO OCHOBHbIM BOMPOCOM SIBNISIET-
Cs1 He BO3MOXHOCTb KOpPpO3uK, a ee CKOpoCTb. [MpefoTBpalleHre 06pa3oBaHusi KOPPO3MOHHO-aKTVBHBIX (ha3 1 TBEPAbIX
yacTuL, B TPy6ONpPOBOJE MMEET BaXXHOE 3HaYeHWe An1s 6e30macHoi akcnyaTaumm Tpybonposogos. OcaxaeHve Bodbl B
cucTeMax € HepeakLVOHHO-CMOCOOHbIMM NPYMECSMN MOXHO NpeAckasaTb, HO M3-3a HeAoCTaTka [AaHHbIX B HacTosillee
BPEMS1 HET 06LLEOCTYMNHbIX MOAE/Iel, NO3BO/ISIHOLLYX NPOrHO3MPOBaTb OCaXKAEHNE BOAHbLIX ha3 NPy Ha/IMuYMM PeakLoH-
HO-CMoco6HbIX npumeceli (NOx, SOx, H2S, 02, H20, CO).

OTcyTCTBME AaHHbIX 6bU10 Npr3HaHo B ICO 27913 (cm. [48]), B KOTOPOM yka3aHO, UTO «MOCKOSIbKY MakCUMasibHas
KOHLIEHTpaLWsi OZIHOW MpuMeck GyAEeT 3aBUCETb OT KOHLEHTpaLMM ApYrx NpMMecei, HEBO3MOXHO M3-3a OTCYTCTBUS JaH-
HbIX U TEKYLLEro MOHMMaHWS1 YCTaHOBUTb (OUKCMPOBaHHYI0 MaKCUMaIbHYH KOHLIEHTPaLMIO OAHON NprMecH, Koraa apyrue
MpVYMEeCK NPUCYTCTBYHOT WM MOTYT MPUCYTCTBOBaTb». MO3TOMY CTaHAApT PeKOMEHAyeT obpallaTbcs K pesynsTatam no-
CNefHVM MCCefoBaHNAM NPU MPOEKTUPOBaHWN TPYGONPOBOAOB.

A.6 DnemeHT CCS-NpOoeKT, HakMaAblBakWmWi HanbobLLNe OrpaHNyYeHnst Ha coctaB notoka C02

TexHonornyeckn BO3MOXKHO NPaKTUYECKN MOJSIHOCTLHO OUUCTUTL MOTOK C028B npouecce KOHANUMOHMPOBaHUA ra3a.
OpfHako B 6O/bLUMHCTBE CnlydaeB npeanoyTuTesisHee MMETb MEHEE XXECTKMNE Tp66OBaHI/IF|, YTOObI CHU3UTb Kak 3Kcnyara-
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LMOHHbIe, TaK 1 KanuTa/bHble 3aTpaTbl. OCHOBHON BOMPOC 3ak/loHaeTcs B TOM, kakas YacTb CCS-npoekTa B 3HauUTe b-
HOI cTeneHn onpegensietT TpeboBaHNs K cocTasy notoka CO02.

Tpebyemas unctota notoka C02, NOCTyNatoLWEero ¢ yCTaHOBKM Y/aB/MBaHWs, B 3HAUMTENBbHON CTENeHW onpeaens-
€TcA onepaTopaMu TPaHCNOPTUPOBaHWSA, 3aKadkn U pasMELLEHNS WM 3aKoHOAATesIbHbIMK TpeboBaHusaMU. Oneparopb!
YCTaHOBOK y/aB/MBaHus, CKopee BCero, He OyyT CamMOCTOATE/IbHO YCTaHaBNMBaTh Tpe6oBaHNSA, HO UM MOXET noTpebo-
BaTLCA o4MCTKa NoToka C02, 4ToObl COOTBETCTBOBATL TPEHOBAHMSM MO TPAHCNOPTUPOBAHMIO, 3aKauke, pasMeLLeHno Win
yTunnzaumn. OrpaHMyeHrst Mo CoAepKaHnio nprmMecein ByaeT 3aBUCETb OT KOHKPETHOrO MPOEeKTa 1, OY4EBUAHO, HEOOXOANM
MpoLEecc ONTUMM3auUmMn, NPy KOTOPOM CTOMMOCTb OUUCTKU JO/KHa YPaBHOBELLMBATLCA CTOMMOCTBLIO, HarpyMep, WCMosb-
30BaHVA 6os1ee yCTOMUMBLIX K KOPPO3UM MaTtepurasioB, CTOUMOCTHLIO M MOCEACTBUSAMM CHUXKEHVS MPUEMUCTOCTU XpaHWn-
LA 13-3a BO3MOXHbIX HeXenarerbHbIX peakumid B N1acTte, a Takke CTOMMOCTLIO MPOCTOS U PEMOHTA.
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MpunoxeHve B
(cnpaBo4yHOE)

CocTtaB NOTOKOB gnokcuaa yrnepoga (no NCO 27913:2016)

B gaHHOM npunoxeHuy npriBegeHa MHgopMaums O cocTaBe NOTOKOB AVOKCUAA Yrepoaa, KoTopas Heobxoayva
[Ans onpeAeneHvst MapaMeTpoB 3KcrulyaTauum TpybonpoBOAOB Ha 3Tarne NPOEKTUPOBaHMS. TOUHbIA COCTaB MOTOKA [MOK-
cupa yrnepoga 6yaeT 3aBuUCeTb OT UCTOYHUKA AMOKCUAA YIIepoaa W TEXHOMOMN Y/1aB/IMBaHNS.

MoToK AVOKCHAA Yriiepoaa MOXET BK/IKUaTh Criefytolime npuMech:

- kucnopog (02);

- Bogy (H20);

- azot (N2);

- Bogopog, (H2);

- okcuabl cepbl (SOX);

- okenapbl azora (NOX);

- ceposogopog, (H2S);

- umaHucTbIin Bogopog, (HCN);

- kap6oHuncynbdug, (COS);

- ammuak (NH3);

- aMVHb;

- anbaeruapl;

- TBEpAblE YaCTULL.

Kpowme ykasaHHbIX, MOTyT 6bITb 1 Apyrie npuMecu. MpumMepbl COCTABOB MOTOKOB AMOKCUAA Yriiepoaa, 0CO6eHHO
[Ns AaNeKTPOCTaHLUMIA, MOXHO HaiiTy B [25], HO € NpeacTaBeHHbIMU AaHHbIMY crieflyeT obpalaTbCs OCTOPOXHO, MOCKOSIb-
Ky OnvcbIBaeMasi TEXHOMOMS HaXOAWTCA B CTaauM pa3paboTKu.

Mprvecy BMVSIIOT Ha TEPMOAMHAMUYECKE CBOWCTBA MOTOKA AMOKCUAA Yrepoda, KOTopble HEBO3MOXHO npeacka-
3aTh, UCXOAA M3 CBOIMCTB UMCTOrO AMOKCUAa yrnepoda. Mpumec MOoryT Bbi3biBaTb KOPPO3WO UK MPOTEKaHWE XUMUYECKMX
peakuuii. HekoTopble CBOMCTBA MOTOKa AMOKCUAA Yriepoda, HanpuMmep, Takue Kak BA3KOCTb, MOrYT W3MEHWUTLCS B 3aBii-
CUMOCTM OT TEX WM MHbIX NpUYMECeN.

WccneposaHys Mo BbISBNEHWUIO NpUMECED, KOTOpble MOryT Okas3aTb KpUTUUECKOe BMSHME Ha TepMoavHaMmyeckue,
XMMUYeckve 1 Apyrve CBOWCTBA MOTOKAa AVOKCMAA Yriiepoja, B HacTosLee BpeMs elle npogo/mkatotes. OpueHTpoBOY-
Hble YPOBHM COAepXaHusi NpUMECEn B NMOTOKe AYOKCMAA Yriepoaa, 06Cyxaaemble B MTepatype, NpeacTaBnieHbl B Tabm-
ue B.1

Ta6nnuya Bl — OpUEHTUPOBOYHbIE 3HAYEHWS COAEPXAaHMSI OCHOBHbLIX MPUMECEN B MOTOKE AMOKCMAA Yriiepoga u
goakTopbl, BAUSOLLME Ha 1X konmvecTso (MICO 27913:2016, Tabnmua 1)

BewecTtBO MpuMepHas KOHLeHTpauus, ppmv, ecan He ykasaHo %omon.
co2 >95 % mo/.a)
Kopposua 20—630b), ruaparoobpasosa-
H20 Hve <200c)d) MpepoTBpaLLleHie 06pa3oBaHNs KOPPO3VIOHHO-AKTUBHBIX
ha3 v TBEpAbIX YacTuL, B Tpy6OnpoBoge HEOOX0ANMO
H2 <0,75 % Mon®)'f) [Ans 6e3onacHoli akcnyaTauum Tpy6onpoBOAHON
cuctembl CO2. CyLectByeT BO3MOXHOCTb MPOTEKAHUSA
M2 <2 % MOHy 9 <4 % oBluee co- XVUMUUYECKUX PEaKLWM, KOTOpble MOTYT MPUBECTY K
Ar f JlepaHie Bcex 06pa3oBaHV0 CepHOI 1 EepHMCTOVI KNC/OTbI, a30THOM
HeKoHAeHcupye- KNC/IOTbI 1 3/1eMEHTapHOW Cepbl B MPUCYTCTBUN BOAbI U
CH4 f). 9) MbIX ra30B, BKNag, S02,NO, N02,02un H2S [28], a Takke N20, N204(CM.
0 , otgenbHoro komno-  [49]). B HacTosilLee Bpemst HET MOZENK, koTopast Mora
co <0,2 % mon.))'K) HEHTa MOXeT GbiTb  Obl MPeAcKasaTb, Kakue 13 peakuuii TepMoAYHAMUYECKN
f) AOrpaHmyeHo 3HAUNTEbHBIM Y KNHETAYECKA BOSMOXHbI NP HA/IMUMM TakvX
02 COAEpKaHNEM B npumMeceii. MockonbKy MakCUMasibHast KOHLEHTpaLus
MCXOAHOM MOTOKE O[IHOTO MPVIMECHOrO KOMMOHEHTa GyAeT 3aBUCETb OT
KOHLIEHTPaLW APYrX KOMMOHEHTOB, TO HEBO3MOXHO
H2S <2009)-i). K 3-3a OTCYTCTBUS J@HHbIX 1 COBPEMEHHOMO MOHUMAaHUA
YCTaHOBUTb (PUKCUPOBAHHYH0 MaKCMasIbHYHO
so2 3popoBbe 1 6es- Cm.")-") KOHLIEHTPALWII0 OfJHOrO KOMMOHEHTA B NPUCYTCTBIM
onacHocTb <100K)") APYTUX KOMIMOHEHTOB
no2 Koppoaus <50r)
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OKOHYaHue Tabnunybl B. 1

Bellectso MpumepHas KOHUEHTpauusa, ppmv, eciv He ykasaHo % Mon.

AMVHBI MpucyTcTBYE aMWMHOB, METaHosa, 3TaHo/a, [IMKOMER 1 ApyrMx BOAOPaCcTBO-
PUMbIX KOMMNOHEHTOB (Hanpumep, HCI, NaOH, coneit) 6yaeTt cnocobCcTBOBaTb

Metaton 06pasoBaHIio CBOGOHOM BOfb! 11 CHUKEHMIO KOHLIEHTPALWW BOAb! B MOTOKe

SraHon Avokcmaa yriepoaa, 3a CYeT 06pa3oBaHusA BoAHON dhasbl. MpegensHo gony-
CTVMbIE KOHUEHTpauum GyayT 3aBUCETb OT KOHLEHTPaUMM ApYriX NpumMeceil

nvkonn (cm. NpyMevaHve BbilLe)

C2+ <2,5% Mon.°)

a) B cootBeTCcTBUM C JTOHAOHCKOW KOHBeHUyel (dheBpasib 2007 T.) NPOMbILLIEHHOCTL MPUHSIA MHTEpNpeTauuto
TEPMVHA «MPENMYLLIECTBEHHO COAEPXaLlLmiA ANOKCUA, Yriepoaar.

b) Mpu akcnnyatauum Tpy6onpoBogos Cortez u Central Basin B CLUA cogepxaHve BOAbl B MOTOKe AMOKcuAaa
yrnepoga 630 ppmv, H2S <26 ppmv, 02 <14 ppmv, NOTOK He cogepmt SOx wim NOX (cm. [115] v [89]).

c) B pokymeHTe [115] yka3zaHO pekomeHAoBaHHOe 3HaueHue 250 ppmv: «B cnyyae OCTaHOBKM WM 3anycka cu-
CTEMbI PUCK 0BPA30BaHNs MMAPATOB HU3KWIA, €C/IM COAEePXaHne BoAbl B MOTOKe yriepoaa Hwke 250 ppnv. B cutyaumm
ObICTPOI pa3repMeTM3aLmMn AaKe HU3KOE COAEepXaHue BoAbl MOXET OblTb HEAOCTATOuYHbIM, UYTOOblI M3bexarTb obpa-
30BaHVA rMapaToB». MakcumasibHO AOonycTMMas KOHLEHTpauus OyaeT 3aBMceTb OT pabouero AmanasoHa Aas/ieHus
1 Temnepatypbl. P TpyO60npoBOLAOB 3KCMyaTUPYeTC B TeYeHUe [/IMTENIbHOrO BPEMEHW MPU KOHLEHTpauyn Bofbl
630 ppmv 6e3 coobLueHUiA 0 rmapaToobpasoBaHnn. CM. Takke CHocky Y

d) Mepbl Mo npegoTBpaLleHnio 06pasoBaHns rmapaToB — no MICO 27913:2016.

e) Kputepun, kacarolyecs cogepxanHus sogopoga, — no VICO 27913:2016.

f) Hanmume HekoHAEHCHPYOLLMXCSA KOMMNOHEHTOB, B YacTHoCTM H2, H2S 1 N2, a Takke 02, Ar, CH4 n CO, Bnnsiet
Ha XapakTepucTVKM AEeKOMMPeccuMn notoka auokeuga yrnepoga [11], v 3To criefyeT yuuTbiBaTb MpY PaccMOTPEHUN
METOZOB NPeaoTBpaLLeHVst 06pa3oBaHns TPeLwH [22).

9 MNpucyTCcTBME HEKOHAEHCUPYOLLMXCA KOMMNOHEHTOB CH4, N2 1 H2S MOXeT NnoB/nATb Ha pacTBOPMMOCTL BOAp!
B MOTOKE AMoKCKUaa yriepoaa.

h) CogepxaHune 02 gO/mKHO GbITb TakM, YTOObI OHO HE CMOCOBCTBOBA/I0 06PA30BaHUIO KUC/IOT, TBEPAbIX YacTuL,
M NPOTEKaHUIO KOPPO3WK, KOTOpble HeBNaronpusaTHO BAMSIOT Ha 3KCMyaTalMOHHYH LefloCTHOCTL Tpybonpososa B
TeYeHne PacyYeTHOrO CPoKa CYXObl, Takke MOXET NoTPeboBaTLCA ropasfo 6osee HU3koe cogepkaHue 0 2 ons Toro,
4TOGbI U3GEXATH HEXENaTesIbHbIX SBEHUIA.

Mpu akcnnyataumm Tpy6onposoga Weyburn copepxaHue H2S B noToke Avokcupa yriepoga coctasnser
9000 ppmv [107], HedhTAHOE MECTOPOXAEHME, B KOTOPOE 3aKkauvMBaeTCs TPaHCMOPTUPYEMbIA MOTOK, Y)Ke COAESPXWT
CepoBoaopos.

YpOBEeHb NpUMeceit, HeobxoaUMbI 4/ TOro, YTOObI BbI3BaThb KpekmHr C02-CO B yC/I0BUSIX SKCT/TyaTaumm Tpy-
60npoBoaa, noka HemssecteH. OfHako 6bU10 NOATBEPXAEHO, UTO 41 06pa3oBaHUs TPELLUMH HeobxoaMMO NPUCYTCTBUE
BOApb! 1 npucyTcTeue 02 NoBbILLAET CKIOHHOCTL K PACTPECKUBaHMIO.

K) Bo3geiicTBue oTAenbHbIX NpumMeceli B MOTOke AMOKCMAA yrnepoja Ha 340poBbe M 6e30nacHOCTb MMeet
3Ha4eHue TO/bKO B TOM Crlyyae, eCiv UX KOHLIEHTpaLys Takosa, YTo COBOKYMNHOE TOKCUYECKOe BO3aelcTBMe npumecel
NPeBbILLIAET BO3AENCTBME CaMOro AvoKeuaa yriepoaa (npymeps! cM. B [151] v [116]).

MpucyTcTBYE H2S B NOTOKE AMOKCUAA Yriiepoaa MOXET CrocOOCTBOBATL KOPPO3UK MpK 6osee HU3KNX 3HAUEHMSIX
cofiepaHvst Bodpl [79].

m) STEL: npenen KpaTKOBPEMEHHOIO BO3AENCTBMSA 0ObIMHO COCTaB/SET 15 MWH, €C/M He MPEBLILLEHO cpeaHe-
B3BELLEHHOe 3HaueHue Mo BPeMeHN.

M) ViveroTcs aKcnepuMeHTaslbHble AaHHbIe O TOM, YTO a30THas U CepHast KUCMOTbl MOTYT 06Pa30BbIBATLCH JaXe
npu cogepxaHnm NOx n SOx meHee 50 ppmv (cm. [75]).

°) Copepxalimecs yrneBofopoabl AO/MKHbI UMETb Takyto TOUKY POCbl, UTOObI KOHAEHcaLuMs He npovcxogunia B
paboyemM auanasoHe TeMnepaTypbl U AaBneHns Tpy6onpoBoaa.
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