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1.B.2.d ipyrue HeopraHusoBaHHbIe€ BbIGPOCbI OT MPOU3BOACTBA SHEPIrUMn

1 O6wume cBepgeHUn

B paHHOW rnaBe peuyb KAeT O «[pyrnx HeopraHU30BaHHbLIX BbI6poOCax MpU MPOU3BOACTBE
SHeprumM», M B OCOBEHHOCTM O JA06blYe reoTepManbHON 3Heprun. BblI6pOChl, NPUYMHON
06pa3oBaHusA KOTOPbIX ABAAETCA JaHHasA KaTeropus MCTOYHWKOB, OYeHb HeBe/NKKN, 0CO6eHHO B
CpaBHeHWN € BbIBpocaMu OT CKMUraHUA MCKOMaeMoro TonamBa.

2 OnucaHvie NCTOYHVKOB

2.1 OnucaHue npouecca

leoTepManbHas 3Heprus - 3TO TenjoBas 3Heprus 3eMHoi Kopbl. OHa SABAAETCS 3KOMOrMYecKn
UYNCTbIM, BO30OHOBASEMbBIM UCTOUYHUKOM 3HEPrUn, UCMOob3yembiM Kak B CoefnHeHHbIx LUTaTtax
AmepukKn, Tak M no Bcemy mupy. OHa paccmaTpmBaeTcs B KadecTBe BO306HOBASEMOro
NPUPOAHOro pecypca, Tak Kak KOJIMYeCTBO TeroBON 3Hepruu, BblAENSEeMON U3 Hejap 3eMHON
KOpbl, MpaKkTU4eckn HeorpaHnyeHHo. COrnacHoO MMeLLMMCA OLeHKaM, KOAN4YecTBO TernoBoiA
3Heprun, NOCTOAHHO NMOCTYMNatoLLEen U3 Heap 3eMK, CoCTaBAseT 42 MUNIMOHOB MeraBaTT SHeprm
(Energy and Geosciences Institute, 1997 r.). [peanonaraeTtcs, 4To TeMnepaTypa Heap 3eman elle
Ha MPOTSXEHUN MUANMAPAOB neT byjeT oCTaBaTbCs Ype3BblYaiHO BbLICOKOW, YTO rapaHTupyeT
Hann4ymne Hencyepraemoro NoToka TenI0BOM SHePrmu.

2.2 MeToankn

FeoTepManbHasi 3HEPrusi MOXeT WNCMOoNb30BaTbCs B LENSX BblpaboTKM 31eKTpu4ecTBa, ANs
NPSIMOro MCMOb30BaHWA @ Takxe A/19 NoBbILLeHNst 3GGEKTUBHOCTM 060rpeBa XusbIX NoMeLLeHUiA
(C NomoLLbl0 reoTepMabHbIX TEMNOBbLIX HAaCOCOB). HXe NprBejeHHble MOSCHEHNS B3ATbI C Beb-
carTa Accoumaumm reotepManbHOM SHepreTukn (Www.geo-energy.org/aboutGE/basics.asp).

FeoTepmanbHOe 3/1eKTPNYECTBO: B LeNsX BbIpaboTKM  3/7eKTpUYecTBa C  MOMOLLbIO
reotepMasbHbIX WCTOYHMKOB MPOU3BOAUTCH OypeHWe CKBaXWH [0 WCTOYHWKOB MPUPOAHBIX
ropsiueii Bogbl UM Napa, N3BECTHbIX Kak MecTOpoXAeHVe TepMasibHbIX Bog. Ha MHOroMeTpoBo
rNybvHe MecTopoXjeHne cobupaeTt 3epkano rpyHToBbIX Bog. CKBaXMHbI MO3BOAAT MNOAHMMATL
reoTepMasbHyr XUAKOCTb Ha MOBEPXHOCTb, IAe OHa Ha 3/71eKTPOCTaHuMK npeobpasyeTcs B
3N1eKTPUYECTBO (03HAKOMbTECb C HUXe NpuBeAeHHON WHbOpMauMed O pasfNYHbBIX TUNax
MpoW3BOACTBA FrEOTEPMAIbHOMO 3/1eKTPUYECTBA).

Mpsimoe ncnonb3oBaHMe: NPSMOE UCMOb30BaHME NPeanonaraeT NpuMeHeHe reoTepMansHoro
Tenna 6e3 NpeABapuUTebHOIO NPeo6pasoBaHyis ero B 31eKTpPUYeCcTBo. HanpumMep, 415 OTONIeHUs
N OXNAXKAEHUS MOMELLEHWNIA, NPUrOTOBNEHUS MWLM, B MPOMBILIEHHbIX Npoueccax u T. 4.
YenoBeuyecTBO Ha MPOTSXEHUN CTONETUI HanpAMy MCMOob30Bana reoTepMasibHyH SHEPruto.
MepBble yNOMUHAHWS 06 3TOM OTHOCATCS K PUMCKOI1 3roxe.

FeoTepmanbHblie TennoBble Hacocbl (FTH): reotepmanbHble TensoBble HacoCbl - 3TO
obopyAoBaHVe, MO3BOJMIAKOLLEEe WCMO/Ab30BaTbh MPENMYLLECTBO OTHOCUTENIbHO MOCTOSHHOW
TemnepaTtypbl 3eMHbIX HeAp, @ UMEHHO, NCMONb30BaTb €e B KayecTBe UCTOYHMKA U MPUeMHMKa
Teryia Kak A/ OTOrJ/IeHNs, TaK 1 oxiaxgeHus. Mpy oxnaxaeHny Ternso U3BAeKaeTcs 13 XNaoro
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NMoMeLLeHNs 1 pacTBOPSieTC B 3eMHOI Kope. lNpu oborpeBe Ten/o0 U3B/1eKaeTCs 13 3eMHON Kopbl
1 C MOMOLLIbIO HAaCOCOB MOAAETCA B XW/0e nomelleHne. [eoTepManbHble TenaoBble HaCOChl MOTyT
NCNonb3oBaTb B /0OOM TOYKe MAaHeTbl, W pPacCMaTPMBAKOTCA AreHTCTBOM MO  OXpaHe
okpyxaroLleri cpegbl (AOOC) B kauyecTBe OAHOM M3 Hambonee 3PpPeKTUBHbLIX CyLLECTBYHLLMX
cMcTemM oTonsieHMa U oxnaxgeHuns. C 6onee noapobHol uHopmauuven o TTH Bbl MoxeTe
03HaKOMUTBLCA Ha criegytolliem caliTe B IHTepHeTe www.geo-exchange.org.

2.3  Bbi6pochl

CopepxaHuve HekoHaeHcmpyrowmxcsa rasoB (COz2, H2S, NHs, CHs, N2 1 H2) B nape oT KpymnHbIX
reoTepmMasibHbIX Nofeln BapbupyeTcsa B gnanasoHe oT 1,0 go 50 r/kr napa (Bariber, 2002 r.).

Auokcud yanepoda SIBNSIETCA OCHOBHbIM KOMMOHEHTOM, OAHAKO Moka3aTenn ero atMocpepHbIX
BbIOBPOCOB Ha KBT.Y BbIpabOTaHHOW 3/1eKTPUYECKOM 3HEepruv ropasfo HUXe aHalorMyHbIX
nokasartefiein A5 NPUPOAHOro rasa, HeQTAHbIX 1 YroNbHbIX 31eKTpocTaHunii (Barbier, 2002 r.).

OCHOBHbIM BeLLLeCTBOM, 3arpsA3HAOLWMM aTMOChepHbI BO3AYX U Bbi3blBatOLLMM 6€CMOKOMCTBO B
KOHTEeKCTe f06blYM reoTepManbHON 3HEeprun, SBAseTca cepHucmsili 8000pod. Kak npasuio, ero
BbI6POCHI BapbunpytoTCsa B gnanasoHe oT 0,5 go 0,6 rp/kBT.4. H2S okncnseTca 4o gnokcmaa cepbl, a
3aTeM /0 CepPHOM KNCNOThI, YTO MOXET NPUBECTU K 06pa3oBaHMIO0 KMCIOTO AOXASA. TeM He MeHee,
HemnoCpeACTBEHHOW CBA3W Mexzay BblopocoM H2S ©n obpa3oBaHMeM KUCAOFO JOXAA He
obHapyxeHo. B ciayyae OTCYTCTBUS KaKUX-IMBO TEXHONOMMA MO YCTPAHEHWUIO 3arpsisHeHns
OKpYy>XaroLLel cpegbl, yieNbHble BbI6pOChl cepbl OT reoTepMasibHbIX 3N1eKTPOCTaHLMIA COCTaBAAOT
npuMepHo 50% OT aHaNorM4HbIX BbIBPOCOB YrofibHbIX 3M1eKTPOCTaHUMn. Ha reoTepManbHbIX
31eKTPOCTaHUMAX He 06pasytoTcs BbIOPOCbl OKMC/IOB a3oTa; MpWU 3TOM AAS 31eKTPOCTaHLWA,
paboTaloLMX Ha NCKOMaeMOM TOM/IMBE, HaNPOTUB, XapakTepHO 0bpa3oBaHMe BbIGPOCOB AaHHbIX
TOKCUYHBIX XMMUYeCcKKnX BellecTs (Bariber, 2002 r.).

leoTepmasnibHble rasbl B Mape TakxXe MOryT cogepxatb ammuak (NHs), cnegsl ptytn (Hg), napsbl
6opa (B), yrneBogopoapbl, Takne kak MeTaH (CH4) n pagoH (Rn). Bop, ammuak v, B MeHbLUeN
CTeneHu, PTyTb, BbILLeNayMBalOTCA M3 aTMochepbl C JOXAEM, YTO MPUBOAUT K 3arpA3HeHUto
MouYBbl 1 PacTUTENbHOCTU. B yacTHOCTW, 6BOp MOXET OKasblBaTb CyLLeCTBEHHOEe BO3AeNCTBMe Ha
pacTUTEeNbHOCTb. JTU 3arpsaAsHsolWmMe MpuMecn MOryT TakXke OKa3blBaTb BO3JelCTBME Ha
NOBEPXHOCTHbIE BOAbl W BOAHble dayHy 1 dnopy. B nntepaTypHbIX UCTOYHMKAX, MOCBALLEHHbIX
reoTepmMasbHOM 3Hepruy, coobLlaeTcs O TOM, UTO BbIOPOCHI PTYTUM OT reoTepManbHbIX
3NeKTPOCTaHUMIA BapbUpyrOTCa B AnanasoHe o 45 go 900 mukporpaMm/kBT.4, 1 conoctaBuMbl C
BbIbpOCaMV PTYTU OT YrofibHbIX 3/1IeKTPOCTaHUMA. AMMMAK BbibpackiBaeTcss B aTMochepy B
KOHLeHTpaumsax ot 57 go 1938 mr/kBr.y. OgHako, bnarogaps atMochepHbIM MpoLieccam OH
6bICTPO paccenBaeTca (Bariber, 2002 r.).

24 CpepacTtBa perynimpoBaHus

Kakune-nnbo cneymasnbHble cpeacTBa peryimpoBaHns 0TCyTCTBYHOT.

3 MeToAabl

3.1 Bbl6op meToaa

B faHHOU rnaBe NpeAcTaBieH TOIbKO NMOAXOZ YPOBHS 1 MO yMOMYaHMIO.
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3.2 Nopxoa ypoBHSA 1 N0 ymon4yaHuio

3.2.1 An2zopumm

Moaxos ypOBHﬂ1 ANdA pacyeTa Bbl6pOCOB oT ,Cl,aHHOI7I KaTteropmm MCTOYHUKOB Mnpegnosaraet
MCNosib30BaHMe cieayroLlero o6|.|.|.ero YpaBHEHUSA:

E =AR x EF,

pollutant production pollutant M

JaHHoe ypaBHeHWne rnprMeHdaeTcd Ha HauoHa/lbHOM ypoBHE C UCMOJ1Ib30BaHMEM HaLl,I/IOHa)'IbHOI?]
CTaTUCTUKM 06 06 bemax AO6bI‘-‘II/I reOTepMaanon SHEPrm ns Heap semMnan.

KoaddurumeHTbl BEI6POCOB YpOBHS 1 NpeAnonaratoT NCroib30BaHNE YCPeLHEHHOWN NN TUMUYHON
TEXHONOIMW, a TakXe CPeACTB YCTPaHEHMS 3arps3HeHNs OKpyXKatoLLein cpespbl, 1 OXBaTbIBAlOT BCe
noAnpoLecchl B paMKkax fobblun reoTepMasibHOM SHepruu.

3.2.2 Kos¢ppuyueHmeol 8b16p0CO8 NO YMONYAHUIO

KoaddumumeHTbl BEIBPOCOB MO YMONYaHWIO NpeAcTaBaeHbl Huxe B Tabanua 3-1. KoadpduumeHTbl
BbIGPOCOB OblNN onpejeneHbl Ha OCHOBE W3MeEpPeHWi, NpoBefeHHbIX AreHTCTBOM MO oxpaHe
oKpyxarLler cpedbl B pervioHe TockaHa, Wtanusa (ARPAT, 2007 r.). 3TOT pervoH sBnseTcs
OCHOBHbIM €BPOMencKM NPOV3BOANTENEM re0TepMabHOM SHepruu.

Ta6nuua 3-1KoappuumeHTsl BbIGPOCOB YpPOBHA 1 Ans KaTteropum UCTouHMKOB 1.B.2.D
Apyrue HeopraHusoBaHHble BbIGPOCbI OT MPOM3BOACTBA 3HEPrun - Ao6biva
reoTepmasibHO 3Heprm

Koadh¢pmumeHTbl BEIGPOCOB N0 yMon4yaHuto YpoBHs 1
Kop HasBaHue
KaTeropus 1.B.2d Opyrne HeopraHusoBaHHble BbLIGPOCHI OT MNPOM3BOACTBA 3Heprum - Aobblua
nuctoyHnka HO reoTepmasibHON 3Heprum
TonnuBo NA
He npumenseTcs
He oueHeHo NOx, CO, HMJTIOC, SOx, OKBY, TY10, T42.5, 4Y, Pb, Cd, Cr, Cu, Ni, Se, Zn, MNMXb, NXO4/®,
BeHso(a)nmpeH, BeHso(b)dnyopaHTteH, BeHnsdo(k)dbnyopaHTeH, NHaeHo(1,2,3-cd)nmpen, MXB
3arps3HuTens 3HaueH EanHmnubl 95% posepur. CcbINKN
ne VHTEepBan
HXHWIA BepxHuii
NH3 2100 r/MBT4 npow3segeHHol | 800 9000 ARPAT (2007)
3/1eKTPO3HEeprumn
Hg 0.44 r/MBTY npowusBeaeHHON | 0.26 1.3 ARPAT (2007)
3NeKTPO3HEeprum
As 0.025 r/MBTu npow3ssegeHHol | 0.02 0.045 ARPAT (2007)
3N1eKTPO3Heprnm

KoaddunumeHTbl BIOPOCHI A1 KaKNX-TMB0 APYTrnX 3arpsa3HAMLLMX BELLLeCTB HeAOCTYMHbI. B ciyyae
oTCyTCTBUSI 6onee TOYHOW UHbOPMALMYM, BbIBPOC MOXET paccMaTpMBaTbCs B KadecTse
HeCyLLecTBEHHOTO.

3.2.3  [aHHbIe no ocywecmenaemoii deasmensHocmu

HeobXxoanMbIMN  CTAaTUCTUYECKUMWU  AAHHBIMU MO OCYLLECTBASEMON AeATeNbHOCTU  SABASOTCS
CyMMapHble nokasaTesniv o6bema BbIpaboTKM SHEPTN Ha reoTepMasibHbIX 3/1eKTPOCTaHLMSAX.

3.3 Noaxop YpoBHA 2, 6a3UpYyHOLLNIACA HA TEXHOJIOTNAX

OTcyTCTByeT ana AaHHOI?I KaTeropmnm McTOYHNKOB.
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3.4 MopgenupoBaHue BbIGpPOCOB YPOBHSA 3 U UCNOJ/Ib30BaHME AaHHbIX MO
o6beKkTam

PykoBogsLme ykasaHUs OTHOCUTENbHO OLEeHOK BbIOPOCOB YPOBHS 3 Ans AAHHOW KaTeropum
WCTOYHVKOB OTCYTCTBYIOT. TeM He MeHee, B BUAY Pas3/IMYHOMO XUMUYECKOro COCTaBa
reoTepmMasnibHOM XUAKOCTW, B COOTBETCTBUN C TPe6OBaHMAMM LO6POCOBECTHOW MPaKTUKK ciesyeT
ncnonb3oBatb KO3IPPULIMEHTbI BbIOPOCOB C YYETOM KOHKPETHOM MAOWAAKM (MOAyYeHHbIX C
nomoLLbo oTbopa Npob) (eciv TakoBble UMEHTCSA).

4 KauyecTBO AaHHbIX

Kakasa-nnb6o cneundurika Ans 3TON KaTeropum NCTOYHNKOB OTCYTCTBYET.
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6 HaBepeHue cnpaBoK

Bce Bonpocbl nMo AaHHOW rnaBbl CAedyeT HanpaBAATb COOTBETCTBYIOLLEMY PYyKOBOAUTENHO
(pyKoBOAMTENSAM) IKCMEPTHOM FPyMnbl MO CKUTaHUI0 1N MPOMBILLIEHHOCTH, paboTatoLLen B pamkax
UeneBoi rpynnbl MO WHBEHTapu3auuu W MNPOrHo3y BbI6GpocoB. O TOM Kak CBA3aTbCA C
PYyKOBOANTENAMM 3KCMEPTHOM rpynnbl Bbl MOXeTe y3HaTb Ha oduuymanbHom cante LIFAMB B
NHTepHeTe (www.tfeip-secretariat.org/)
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