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MATUCTEPCKASA JUCCEPTALIUA

Tema padoThl

OueHka nepcneKTHB NCIOJIb30BAHUSA TEXHOJIOTHI CO3JaHHUs ra30ruAPaTHbLIX 0apbepoB NpHU
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CryneHt
I'pynna [0 (0] Hoanuch Jara
2TMSI1 Martoxuna Bukropus JIMmutpueBHa
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PesyabTaThl 00yyeHus

Kon PesyabTaTsl 00yyeHus
1 2
CriocoOHOCTD UCTIOIB30BaTh €CTECTBEHHOHAYYHBIE, MATEMAaTUYECKHIE, IKOHOMUYECKHE,
P1 |ropuanueckue u MH)XKEHEPHbIE 3HAHUS B 00JIACTH T€0JIOTMH, Pa3pabOTKHU U IKCILITyaTalluu
HE(TSAHBIX U Ta30BbIX MECTOPOXKICHHIMA
CriocoOHOCTD OTpenensTh, GOPMYIUPOBATH M PEIIATh MEXTUCIUITTIMHAPHbBIC HHKEHEPHBIC
P2 | 3agauu B o0nactu HeTEra3oBbIX TEXHOJIOTUH C UCIIOJIb30BAHUEM MPO(ecCHOHATBHBIX
3HaHUU U COBPEMEHHBIX METOJ/IOB UCCIICOBAHUS
CnocoOHOCTD MJIaHUPOBATH U MMPOBOJUTH UCCIIEIOBAHUS B CIIOKHBIX U HEOMIPEACTEHHBIX
P3 |ycnoBusix ¢ HCIOJIB30BAaHUEM COBPEMEHHBIX TEXHOJIOTUH, a TAK)KE€ KPUTHUECKU OLICHUBATh
MOJIyYEHHBIE JaHHbIE
- CriocoOHOCTh aHATM3NPOBATh HECTAHJAPTHBIE CUTYalluu U OBICTPO BHIOWPATH
ONITUMAJIbHBIC PEHICHUS TPU pa3paboTKe HEPTSIHBIX U Ta30BBIX MECTOPOKICHHIHA
CnocoOHOCTb UCIOJIB30BAaTh TBOPUYECKUI MOAXO ISl pa3pabOoTKK HOBBIX UJIEH U METO/I0B
PS |mpoektupoBanusi 00b€KTOB HE(TEra30BOro KOMIUIEKCa, a TAKkKe MOJEPHU3UPOBATh U
COBEpILIEHCTBOBATh MPUMEHIEMbIE TEXHOJIOIMU HEPTEra30BOro Mpou3Bo/ICTBA
CnocoOHOCTH pa3pabaThiBaTh MHOTOBAPUAHTHBIE CXEMBI IS IOCTHKEHUS TTOCTaBICHHBIX
P6 |npou3BOACTBEHHBIX LieJeH, C 3¢ (HEKTUBHBIM HCIIOJIb30BAHUEM UMEIOIINXCS TEXHUUECKUX
CPEICTB
CriocoOHOCTh aHATM3UPOBATh U CUCTEMATU3UPOBATH COBPEMEHHBIE TEXHOIOTHYECKHE U
P7 |nayunble jocTrxkeHUs HEPTETA30BOM OTPACIH, a TAKXKE BBISBIATH UX aKTyaJbHbIE
POOIIEMBI
Cnoco6HOCTh 3(hPpeKTUBHO pabOTAaTh MHIUBHUIYATHHO U B KAYECTBE YieHA KOMAH/IbI, a
P8 |Taxxe pykoBOauTH KOMaHI0H, (POPMHUPOBATH 3a/IaHUSI, PACTIPEACIATH 00SI3aHHOCTU U HECTH
OTBETCTBEHHOCTD 32 PE3YJIbTaThl PaOOTHI
PO CnocoOHOCTh CaMOCTOSITENIBHO YYUTHCSI U HETIPEPHIBHO MOBBIIIATH KBATHU(PHUKAIIUIO B CBOEH
npodeccuoHaIbHOMN eI TeTbHOCTH
P10 Brnaznets nHOCTpaHHBIM S3BIKOM KaK CPEeICTBOM MPOGeCCHOHATBHOTO OOIIEHHS, Ha YPOBHE,

MO3BOJISIONIEM paboTaTh B MHTEPHALIMOHAIBHOM cperie




MunucTepcTBO 00pa3oBanus M Hayku Poccuiickoit @enepanmnu
(benepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEKICHUE
BhICIIIET0 00pa3oBaHus
«HAIIUOHAJIbHBIN UCCJEJIOBATEJbCKUI
TOMCKHWHA NOJIMTEXHUYECKUNA YHUBEPCUTET»

WNucturyr  IIpupomHeIX pecypcoB

Hamnpasnenue noarotosku (cneruanbHocts) 21.04.01 Hedrerazosoe aeno

Kadenpa T'eonorum u pa3paboTKu HEPTSHBIX MECTOPOKICHUI

YTBEPXAIO:
3aB. xagenpoii [PHM
Yepuosa O.C.
(IMommuce)  (Mara) (®.11.0.)
3AJAHUE
HA BbINOJIHEHNE BbINYCKHOM KBAJIN(QUKAIMOHHOMH PadoThI
B dopwme:
‘ MAarvcTepCKON AUCCEePTALNU
(bakanaBpcKkoii pabOTHI, UIIOMHOTO MPOEKTa/PabOThI, MAarHCTEPCKON AUCCEPTALIIHN)
CryneHry:
'pynna DPUO0
2TMSI1 Martoxunot Buktopun JIMutpreBHe
Tema paboThI:

OneHka NEpCHEKTHB HWCMHOJIb30BAHUSA TEXHOJIOTMH CO3JAaHUS Ta30THAPATHBIX OapbepoB INpHU
pa3paboTKke MECTOPOXKIECHUN C Ta30BOM MIANKON U HU3KOW IJIACTOBOM TeMIlepaTypoi (Ha mpumepe
YassHAMHCKOT0 He(hTera3oKoH1IeHCATHOTO MeCcTOpoxkieHHs1, Bocrounas Cubups)

YTBepKaeHa MPUKA30M TUPEKTOpa (1aTa, HOMEP) \ 24.07.2017 Ne 6174/C
‘ CpoK c/1auul CTYJIEHTOM BBIMIOJTHEHHON paOOTHI: ‘ 14.08.2017
TEXHUYECKOE 3AJIAHHUE:
Hcxonnbie nanHble K padoTe Martepuanst komnanun OOO «"aznpomuedpTs HTL»:

reojoro-(hu3nueckas XapakTepUuCTHKa,
(dbunpTpanmoHHasi MOJIeIIb MECTOPOKICHUSI.

IMepeyens MoaJIeKAIMX HCCAeN0BaHN0, | O030p CYIIECTBYIOUIMX METO/I0B OOPHOBI C
NMPOEKTUPOBAHUIO U pa3padoTKe KOoHycooOpa3zoBanueM. PazpaboTka TeXHOIOTHH
BOIIPOCOB 00pBOBI C KOHYCOOOpa30BaHUEM raza Ha
MECTOPOXKIEHHUSX C Ta30BOM MIAKOW U HU3KOM
MJIACTOBOM TeMIlepaTypoi.

Ilepeyens rpauyeckoro MaTepuasa I'eorpaduueckoe moyioxeHne MECTOPOKICHHUS;
re0JIOTHYECKH pa3pes, cTpaTurpaduieckasi KOJIOHKA.

KoHCcyJbTaHTHI 10 pa3/iesiaM BbINYCKHONH KBAJTH(UKANMOHHON padoThl

Pa3nen KoncyabTant
®DUHAHCOBBIM  MEHEKMEHT,
pecypcodhHeKTHBHOCTD u benosepos B.b.
pecypcocOepekeHne
CormanabHasi OTBETCTBEHHOCTh Mumienko M.B.

Ha3Banusi pa3nesioB, KOTOpble AOJLKHbI ObITh HANMCAHBI HA PYCCKOM U HHOCTPAHHOM
SI3BIKAX:

AHaJIUTUYECKUE PACUEThI




JlaTa BbLIaYM 321aHUA HA BHINOJTHEHHE BBINMYCKHOM 26.06.2017
KBAJIH(UKALMOHHOHI padoThl 110 JUHEHHOMY rpaduky
3anaHue BbI1aJI PYKOBOAUTEJIb:
JonxHOCTH (2% (0] Yuenas cTeneHs, Moanucey JaTa
3BaHHE

JTOIICHT [ummvuna JI. B. K. X. H. 26.06.2017
3aaHue NPUHSJ K MCTIOJHEHHIO CTY/IEHT:

I'pynna DPUO Hoanuch Jara
2TMS51 Martroxuna Bukropus JIMutpreBHa 26.06.2017




3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPE/KEHUE»
CTyneHry:
'pynna DPUO
2TM51 Martoxuna Bukropus JImutpueBHa
HHcTHTYT IIpupoaHbIX pecypcoB Kadenpa I'PHM

YposeHb 00pa3oBaHus

Marucrparypa

HanpasjeHue/cnenuajbHOCTh

21.04.01. Hedpreraszosoe re1o

Hcxonnblie 1anHble K pa3aenay « DHHAHCOBbIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U
pecypcocOepekeHue»:

1. CroumocTs OypeHus TOPU30HTAIBEHOM CKBaXKUHBI

.HI/ITepaTypHLIe HCTOYHHUKH

2. HCHOHBByeMaH CHUCTCMa HaJ'IOFOO6J'IO)KeHI/I$I,
CTaBKH HAJIOI'OB, OT‘IHCHGHHﬁ, JUCKOHTHUPOBAHHUA
U KPCAUTOBAHUA

.HI/ITepaTypHLIe HCTOYHHUKH

IlepeyeHnb BONPOCOB, MO/JIEKANMX HCCIEI0BAHNIO, TPOEKTHPOBAHMIO M pa3padoTKe:

1. Ompenenenue SKOHOMUYECKOTO P dexTa mpu
OypeHHU TOPU3OHTAIIBHBIX CKBAYKHH

Pacuer pa3nuiel npuoObu Ipu OypeHUN
OJIHOW TOPU30HTAJIBLHOM T0OBIBAIOIIICH
CKBa)KMHbBI/HArHETATEJILHOIO U
JIOOBIBAIOIIIETO TOPU3OHTAIBHBIX CTBOJIOB,
MMEIOIINX OJHO BEPTUKAIBHOE OCHOBAHUE

Hepeqenb Fpa(l)I/I‘IECKOFO MATEPHAJIA (c mounvim ykazanuem oba3amensHbX yepmedicell):

Fpa(bm( YUCTOI'0 AUCKOHTUPOBAHHOI'O JOXOJ4a

\ JlaTta BbIIa4M 3aJaHUA 1JIs1 pa3fena 1o JUHeHHOMY rpaduky \ 26.06.2017
3anaHue BbIIAJ KOHCYJIbTAHT:
JokHocTH [5(0] Yu4eHnas creneHb, Moanuch Jlata
3BaHHE

[Tpodeccop benozepos B.b. JI.T.-M.H. 26.06.2017
3agaHue NPUHAJ K HCIIOJHEHUIO CTYICHT:

I'pynna DdUO Hoanucey Hara
2TMS51 Martroxuna Bukropus JIMutpreBHa 26.06.2017




3AJTAHUE JIJISI PA3JIEJIA
«COIAAJIBHAS OTBETCTBEHHOCTb»

Crygnenry:
I'pynna DPUO
2TMS51 Martroxuna Bukropus JImurpreBHa
HucTuryT IIpupoanbIx pecypcos Kadenpa I'PHM

YpoBenb o6pazoBanust

MarucTpartypa

Hal’lpaBJ’leHﬂe/cneul/laﬂbHOCTL

21.04.01.Hedreraszonoe aeso

Hcxoanblie 1aHHbIe K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb .

1.

Onucanne pabodero mecra (paboyeii 30HHI,

TEXHOJIOTUYECKOI0 MPOLIecca, MEXaHUYECKOI0
00opyIoBaHUs1) HA MTPEIMET BOZHUKHOBEHUSI:

BPE/IHBIX MPOSIBIEHUH (HaKTOPOB
MIPOU3BOJICTBEHHON CPEIbI

(MeTeoyc0BUsl, BpEAHbIE BEIIECTBA, OCBEILEHUE,
ITYMBI, BUOpAIIMH, SJIEKTPOMArHUTHBIE OIS,
VMOHU3UPYIOLINE U3JTy4EHUs)

OIIACHBIX MPOSBIECHUN (PaKTOPOB
MIPOU3BOJICTBEHHOM cpeibl (MEXaHHUECKON
MPUPOJIBI, TEPMHUYECKOTO XapaKTepa,
ANEKTPUUYECKOM, MOKaPHOU U B3PHIBHON
IIPUPO/IbI)

HETraTUBHOI'O BO3/IEHCTBHSI HA OKPYKAIOIIYIO
HPUPOHYIO

cpeny (armocdepy, runpocdepy, tutochepy)

Ype3BbIUAHBIX CUTYAIMH (TEXHOT€HHOTO,
CTHUXHIHOTO0, KOJIOTHIECKOTO U COIUAILHOTO
XapakTepa)

[leneBoe HedTEra30KOHICHCATHOE
mecroposkaenne (HI'KM J1.),
SIBJISTFOIIIEECS] OOBEKTOM PealIi3aIiH
pe3yJIbTaTOB UCCIEIOBAHUS JAHHOTO
IIPOEKTa, PACIIOJIOKEHHOE B ITpeIenax
pecryonuku Caxa (SIkytus) u
SIBJISTFOIIICECS] OJTHAM U3 CaMBIX OOJIBIINX
0 YTJIeBOIOPOAHBIM 3amacam B Poccuu.
Ha nanHbIil MOMEHT MECTOPOKIEHUE
HAXOJHUTCS Ha IEPEXOIHOM dTare
3aBEPIICHHS T€0JIOTOPA3BEIOTHBIX padOT
U Hayase OMbITHO-MPOMBIIIJICHHBIX padoT
COBMECTHO C OATOTOBKOM K
MPOMBIIIIICHHON pa3paboTKe 3alexeil.

Hepeqeﬂb BOIIPOCOB, NOJIC/KALUX HCCIACA0BAHUIO, IPOCKTUPOBAHUIO U pa3paﬁoTKe:

1. AHanu3 BBISBIIEHHBIX BPEIHBIX ()aKTOPOB
MPOEKTUPYEMOI MPOU3BOJICTBEHHON CPEBI B
CJIEIYIOIIEN MTOCIIEI0BATEIBbHOCTH:

(U3UKO-XUMHYECKas IPUPO/Ia BPEIHOCTH, €€
CBSI3b C pa3pabaThIBAEMON TEMOM;

neiicTBue pakTopa Ha OpraHU3M YEIIOBEKa;
MPUBEACHUE JOMYCTUMBIX HOPM C HEOOXOUMOMN
pPa3MepHOCTHIO (CO CCHIIKOM Ha
COOTBETCTBYIOIIMI HOPMATUBHO-TEXHUYECKUI
JTOKYMEHT);

MpeJiaraeMble CPeICTBA 3aIUTHI

(cHauvana KOJUIEKTUBHOM 3alTUTHI, 3aTEM —
WHWBUIYalIbHBIE 3aIUTHBIE CPEICTBA)

[Ipu pazpaborke HI'KM /I mronei,
9KOJIOTUYECKYIO CUCTEMY M HHKEHEPHO-
TEXHUYECKAN KOMITJIEKC MPEIIPUSTHS
HEeraTHUBHOE JIeHCTBHE OKa3bIBAIOT
cnenyromue GakTopsbI:

* icuxogusnueckue GaxTops! (HEPBHO-
MICUXWYECKHE U (PU3HUECKHE MTEPErpy3KH
opranusMa paboTHHKOB);

* usnyeckue GpakTopsl (TEMIOBBIE U
CBETOBBIE U3TYUEHHS , YIapHbIE BOJIHBI,
AIEKTPHUECKUI TOK, MEXaHU3MBI,
JIBYDKYILIECS] MAIIMHBI, He3aIlMIIeHHbIE
AJIEMEHTHI POU3BOCTBEHHOTO
00opy/10BaHusl, BUOPOAKyCTHYECKHE
(bakTopsl);

* XUMHYeckHe (hakTopsl (IeHCTBHE
BPEIIHBIX BELECTB, PACIPOCTPAHUBILIUXCS
Ha MOBEPXHOCTH 3€MJIH, TEPPUTOPUH
pabouux IJIOMIAJ0K U TIOMEIEHHUH, B
BO3J/IyX€, BOJIHOU cpelie).




2. AHanu3 BBISIBIICHHBIX OMACHBIX (DAKTOPOB
MIPOEKTUPYEMOU NPOU3BEAEHHOMN CPENIbI B
CIEAYIOUIEN MOCIEN0BATEIbHOCTH

MEXaHUYECKHE ONACHOCTH (MCTOUHUKH, CPEJICTBA
3alIUTHI;

TEPMHUYCCKUC OITAaCHOCTHU (I/ICTO‘-IHI/IKI/I, cpeacrBa
3aIUTHI);

3JIEKTPOOE30I1aCHOCTb (B T.4. CTATUYECKOE
ANEKTPUYECTBO, MOJTHUE3AIINTA — UICTOUHUKH,
CpeZCTBa 3allUThI);

MOKapOB3PBIBOOE30MACHOCTD (MPHUYNHBI,
npoUIAKTUIECKAE MEPOTIPHUSTHUS, TIEPBUYHBIC
CpeAcTBa MOXKApPOTYILIEHUS)

VYT11eBO1I0pOBI, BXOASIINE B COCTAB
MPUPOIHOTO Ta3a, HEYTU U ra30BOTO
KOHJIeHCcaTa 00pa3yioT ¢ BO3TyXOM
[0XapOB3PbIBOOIIACHBIE cMecH. [Ipu
B3PbIBE ra30BO31YILIHON WU
MapOBO3AYLIHONW CMECH WU IIbUIH
oOpa3zyercs ynapHasi BOJHA.

Y napbl TOKOM MOTYT IPOU30MTH MPU
HEJOCTATOYHOM 3a3€MJICHUH
000py0BaHusl, IPU HAKOTUICHUN
CTaTUYECKOI'0 AIEKTPUUECTBA, IIPU
OTCYTCTBHHM MOJIHUEOTBOJOB Ha 31aHUSX.
Bo03MO0KHbBIE UCTOUHUKHN TTOPAKEHUS
ANEKTPUYECKUM TOKOM: JIUHUU
aNeKTponepeaay, TpaHchopMaTopsl,
pa3nuyHOe 000pyIOBaHHE, HAXOISIICECS
M10/] HATIPSIKEHUEM.

JlelicTBHe BpeIHBIX BEIIECTB HA OPTaHU3M
MIPUBOAUT K €r0 OTPABIICHUIO U 3aBUCUT
OT KOHILICHTpallMy CaMOro BEIECTBA,
TOKCHYHBIX CBOWCTB U
MPOAOJIKUTEIIBHOCTH BO3JICHCTBHUS.
OTtpaBiieHHE JI01eH MOXKET IPOU30UTH
BCJIE/ICTBUE pa3iuBa He(pTH, METaHOA,
KOHJICHCATa WUJIM JPYTUX ONACHBIX
AKUJKOCTEH, IPU BIBIXaHUU MAPOB WUIIN
yepes KOXKYy.

[[Iym BO3HMKAET TP ABMKEHUU HEDTU U
rasa B 000pyJ0BaHUH, B [IeXaxX, IpU
WCCIIEIOBAHUSAX U MTPOJTYBKE CKBAKHH.
IIpy mocTOAHHOM BO3/IEMCTBUM Ha
pabOTHHKA IITYM TIPUBOAUT K HAPYIICHUIO
JIEATENBHOCTU CEPAEYHO-COCYAUCTON U
HEPBHOM CUCTEM.

3.0OxpaHa OKpY>KaroIlel Cpebl:

3aIuTa CeTUTEOHOM 30HBI

aHaJIN3 BO3JICUCTBUS 00BEKTa Ha aTMOCchepy
(BBIOpOCHI);

aHaJlu3 BO3JIEHCTBUS 00BEKTa Ha THApPOchepy
(cOpocsr);

aHaJIM3 BO3JICUCTBUS O0OBEKTA HA TUTOChEpPY
(oTX01B1);

pa3paboTaTh pemieHus Mo 00eCcIeYeHHI0
IKOJIOTMYECKOM 0€30MacHOCTH CO CChUTKAMU Ha
HT/I no oxpaHe okpykaromen cpeibl.

K ocHOBHBIM BuaaMm 3arpsi3HEHUN
SKOCHUCTEMBI B PE3YJIBTATE NEATEIbHOCTH
NPEAIPUATHS OTHOCATCSA CIEAYIOIINE:
BBIOPOCHI B TIOYBY, BOJOEMBI U aTMOchepy
3HAUUTENIBHOTO KOJINYECTBA
MIPOU3BOJICTBEHHBIX OTXO/IOB,
3arpsA3HAIOLIUX II0YBY, BOAY U BO3AYX;
BBIOpOCHI HETH U ra3a Ha yCThe
CKBAKMHBI ITPH NIPOTYBKE WIIH
HCCIIEI0OBaHMX, HEMOJIHOE CTOPAHKE ra3a
Ha (axenax. PaznuBiimecs yrieBo1opoibl,
ONacHO U3MEHSSI COCTaB U CBOMCTBA BOJBI,
IIPEBPALIAIOT €€ B TOKCUYHOE BEIIECTBO,
KOTOpOE OIaCHO BO3JIEHCTBYET Ha PhIO U
npyrux oburaresnei BonoeMoB. [IpoHukas
B IUIOJOPOJIHYIO TIOYBY, 3arPSI3HUTENIN




U3MEHSIOT €€ (PU3NKO-XUMHUYECKHE
CBOMCTBA, Pa3pyLIAIOT IOYBEHHYIO
CTPYKTYpPY, JUCIEPIUPYIOT YaCTHULIBL,
U3MEHSIOT COOTHOILIEHUE MEXKIY
YIJIEPOJOM H a30TOM, PEXKHUM IIOYB U
KOPHEBOI'O ITUTaHUS PACTCHU.

IIpu BBICOKMX YPOBHSX BO3JAEHCTBUS
HETraTUBHBIX (DAaKTOPOB HA YEIOBEKa
HaOJII01at0TCS OCTPhIE WIIM XPOHUYECKHE
3a00JeBaHus, a TAKXKe TPABMUPOBAHHUE

JIIOZIEH.
| laTa BbIxaum 3a1anust [UIs pas/ieia 1o JHHeiHoMy rpaduKy | 26.06.2017
3agaHue BbI/1aJ KOHCYJIbTAHT:
J0/2KHOCTH [(%(0] Yuenas cTeneHb, Moanucey JaTa
3BaAaHHE
JloueHT Mumenko M.B. K.I.-M.H. 26.06.2017

3ana1me NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna

PUO

Hoanucy JlaTa

2TMS51

Martroxuna Bukropus JIMurprueBHa 26.06.2017




PE®EPAT

Brimycknas kBanudukanmonnas padora 108 c., 37 puc., 23 Tabin., 47 HCTOYHHUKOB.

KnroueBbie ciioBa: KOHYycoOOpa3oBaHHME, KPUTHUECKUI eOUT, HEPTSIHAsA OTOPOUYKA, ra30Bas
HIallKa, HU3Kasg IJacToBas TeMIlepaTypa, OapbepHble TEXHOJOIMM, Ia30THIpaThl, paBHOBECHBIE
YCIIOBHS.

OOBeKTOM UCCIEIOBaHUS SBISIIOTCS METOABI OOpHOBI ¢ Tpo0IeMOoil (hopMUPOBaHHS KOHYCOB
ra3a Ha Ta30He(TSIHbBIX ¥ Fa30KOHICHCATHOHE(TIHBIX MECTOPOXKICHHSX.

Ilenp paGoThl — OLlEHKAa MPUMEHUMOCTH TEXHOJOIMH CO3JAaHUS ra30rHapaTHoro Oapbepa Ha
YpPOBHE ra30HEe()TAHOIO KOHTAKTa Ha IMPUMEpPE OJHOro U3 MecrtopoxkaeHuil Bocrounoit Cubupu c
He(TAHOM OTOPOUYKOH, ra30BOM 1IANIKOM U HU3KOMU IIAaCTOBOW TEMIEPATypoil.

B mpomnecce nccienoBanusi MPOBOAMIIMCE: JIUTEPATYPHBIH 0030p M aHAIN3 CYHIECTBYIOIINX
METO/0B KOHTPOJISI KOHYCOOOpa30BaHUs M, KOHKPETHO, OapbepHBIX TEXHOJOTH; aHAIUTHUECKUE
pacyeTbl KPUTUYECKHUX JeOMTOB KOHYCOOOpa30BaHUS Ha BEPTHKAJIBHBIX CKBa)XHHAX 0e3 U B
NPUCYTCTBUH Oapbepa pa3HOTO pajuyca, Ha TOPH3OHTAIBHBIX CKBaXHHaX — 0e3 Oapbepa;
THIPOAMHAMUYECKOE MOACTHUPOBaHHE PabOTHI JOOBIBAIOIIEH TOPU30HTAIBHONW CKBAXXHHBI 0€3 U B
IOPUCYTCTBUM Oapbepa M OLEHKAa TEXHOJOruyeckoro 3¢¢exra; >SKOHOMMYECKUH aHaIu3
PEHTa0ETbHOCTH CO3/aHuUs Ta30TUPATHOTO Oapbepa.

B pesynbTare uccnenoBanus Oblia gokasaHa 3((GEKTHUBHOCTh MPUMEHEHHUS Ta30THApaTHOrO
Oapbepa B ciydae YCIEeIIHOW YCTaHOBKH.

CreneHb BHEIPEHUS: BBbISBIEH OOIIMN  MOJOXKUTENbHBIH APQPEKT U  yBEIUYCHHE
TEXHOJIOTHYECKUX M SKOHOMHYECKHX IIOKa3aTeleld Ha OJHOM H3 MecCTOpoxJeHH Bocrounoii
Cubupu, omHAKO B Ciy4ae KOHKPETHOTO MECTOPOXKIEHUS TpeOyroTcs OoJjiee THIATEIbHBIC
UCCIIC/IOBAHMS, CBSI3aHHBIE C WHIUBUAYAIBHBIMH YCIOBHSIMH MECTOPOXKICHHS, C IENBIO
YMEHBIICHUS CTENIEHH HEOTPeIeIEeHHOCTH YCIEIIHON YCTaHOBKU Oaphepa.

Ob6nactp mpuMeHeHHs: Oopp0a ¢  KOHycooOpa3oBaHHMEM Ha  Ta30HEPTSIHBIX U
ra30KOHJICHCATHBIX MECTOPOXICHUSX C OJaronpusSTHBIMH TEPMOOAPHUECKUMH YCIOBUSMH IS
CTaOMIIBHOTO CYIIECTBOBAHHS Ta30THIPATOB.

OkoHOoMHUYecKas 3(pPeKTHBHOCTH/3HAYMMOCTh PabOTHI: B JaHHOH pabore ObLT pa3paboTaH
croco0 yBenuueHus Ko3ddunuenTa HepTens3BIeUeHUsT HEPTIHBIX OTOPOUYEK HU3KOTEMIIEPATyPHBIX
IUTACTOB, a COOTBETCTBEHHO, CIIOCOO YBEIMYCHHS YHCTOTO TUCKOHTHPOBAHHOTO JIOXOJa OT
OKCILTYaTaI[F MECTOPOXKICHHSL.

B Oynymem mnanupyercst 6osiee moApoOHOE HM3ydeHUE HEONPEAETICHHOCTEH, CBS3aHHBIX C

peanu3anuel TEXHOJIOTHH CO3JaHMsI Ta30THIPATHOTO Oaphepa.



Abstract

This research consists of 108 pages, 37 figures, 23 tables and 47 references.
Key words: coning; critical rate; oil rim; gas cap; low reservoir temperature; barrier; gas
hydrates; stable conditions.

There are more than 200 gas cap fields with oil rim at the territory of the Russian Federation
with the volumes of oil-in-place found in oil rims — more than 6 billion tons and gas-in-place
contained in gas caps — more than 7 trillion cubic meters. Such significant amount of hydrocarbons
constitutes considerable part of resources potential of the country.

Following to the statistical data, trials of the oil rim reservoirs with a gas cap development
are frequently effectless today. Significant contribution to this statistics is made by the issue of gas
coning and consequent gas breakthrough into producing wells that leads to losing gas reserves
portion. Besides, ignoring of the oil rim development leads to oil rim deforming. Due to the
difficulty of extraction, oil rim oil is ranged as hard-to-recover reserves.

Nowadays, less than 2% of the whole oil rims reserves are produced. Such poor recovery
efficiency hinders gas reserves extraction. Consequently, during the development of gas cap fields
with oil rim, when gas reserves extraction is more important, oil rim oil is ignored in majority of
cases. This attitude, though it is unavoidable, contradicts the state demand for reaching the
maximum level of hydrocarbon recovery from reservoir.

Thus, the aim of this work is directly related to the art of oil recovery optimization that
involves oil rim keeping in persistent contact with producers in the oil-saturated part. Here, the gas-
oil contact movement management is extremely critical. To achieve the desired results, the
construction of gas hydrate horizontal barrier, its designing and locating were considered for
controlling gas coning. This is an effort to consolidate new concept with previous information so
that a reasonable selection of barrier creation conditions, dimensions and vertical position can be
properly made.

One of the Eastern Siberian gas cap fields with oil rim was selected as a prospective target
of research. Nowadays, the reservoirs of the researched field are placing on production and the
problem of gas coning prevention is essential to solve there.

All in all, the main objective of this report is to evaluate the possibility of gas hydrate barrier

application at the researched field for the purpose of gas breakthrough prevention.

10



CIIMCOK MCIOJIb3YEMbBIX COKPAIIIEHUM
TU3 — Tpy1HOU3BIEKAEMBIE 3aI1aChI
KHWH — koo punment n3pneueHust Hehtu
[ITJI — mopaepxaHue mIacToBOro AaBJICHUS
HI'KM — HedTerazokoHaeHCaTHOE MECTOPOKACHUE
HI'O — HedrerazonocHas 06y1actb
¥YB — yrieBonopo/bl
HI'TI — HedTerazoHoCHas MPOBUHIIAS
I'HK — razoHeTs1HO# KOHTaKT
BHK — Boione(TsIHOM KOHTAKT
['® — ra3oBsIii GakTop
OWC - oil-water contact
GOR - gas-oil ratio
GOC - gas-oil contact
Y11 — yncThlii TUCKOHTUPOBAHHBIN 10X0]1
UYC — ype3BpluaiiHas cuTyarus
UII — ype3BbIYatHOE IPOUCILIECTBUE
I'TIC — renepaTop neHbI CpeHEN KPAaTHOCTH
KHII — xucnopoaHslii H30JIMPYOLUI IPOTUBOra3
JIBX — nerkoBocIuiaMeHsomascs KUIKOCTh
'O — rpaxxnanckast 06opoHa
CHIJIK — cetp HaO1r0/1€HUS U 1a00PATOPHOTO KOHTPOIIS

[TJIK — npenenbHO omycTHMAasi KOHIIEHTpaus
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BBEJEHUE

AKTyaJIbHOCTH TeMbl HcciaenoBanuii. Ha tepputopun Poccuiickoit denepannu u3BECTHO
0k0J10 200 ra3oKOHAEHCAaTHO-HE(TAHBIX U Ia30HEPTIHBIX MECTOPOKACHUHN, XapaKTepU3yIOIUXCs
HaJIMYMEeM He(QTSHOH OTOPOYKM — HE(TEHACHIIIEHHON YacTH 3aJeXU, I'€0JIOTMYECKUE 3arachl U
pa3Mepbl KOTOpOW 3HAYUTENIbHO MEHbBIIE €€ Ta30HACBIIIEHHON (ra30KOHACHCATHOHACHIIIEHHOM)
YacTH, C 3armacaMyd HepTH B HEPTSIHBIX OTOPOUYKaX — Ooyiee 6 MIIIMAPIOB TOHH U Ta3a B Ta30BbIX
mankax — Oosee 7 TPUIIMOHOB KyOMUYECKMX METPOB, YTO HPEICTaBISET cOOOM CyIIECTBEHHYIO
4acTh OOLIUX 3aI1acOB YIJIeBO10pO10B B Poccuu.

Hcxons U3 CTaTUCTUYECKUX JAHHBIX, 3amachl HEQTSAHBIX OTOPOYEK Ta30HE(PTSIHBIX U
ra30KOHACHCATHO-HE(PTAHBIX 3ayiekel pa3pabaThIBAlOTCS MaIod(PEKTUBHO, YTO 00YCIaBINBACTCS
4acThIM 00pa30BaHUEM I'a30BbIX KOHYCOB M3 I'a30BOM MIANKHU U MOCIEIYIOLUIMMH IPOPHIBAMH I'a3a B
He(TsHbIe J10OBIBaOLMEe CKBaKUHBI. 110700HBIE MPOPBIBBEI ABISIOTCS NMPUUYMHAMM MOTEPU YacTH
3aracoB Ta30BOM IIANKH, a MpeHeOpekeHue pa3paboTKoil He(TeHACHIIEHHONW YacTH MPUBOJHUT K
pachopmupoBanuio HedTsiHOM OTOpOoUKH. [l0 MpUYMHE CIOXHOCTU U TPYAOEMKOCTH pa3pabOTKu
YIJIEBOAOPOAHbIE 3amackl HEPTAHbIX OTOpouyek OoTHocAT K THU3 (TpynHoM3BIEKaeMbIM 3amacaM
HegTH). Ilpum crangapTHON cxeme pa3paOOTKM Ta30KOHJEHCATHO-HE(PTSIHBIX U Ta30HEPTIHBIX
MecTopoxkaeHuil Ha pexxume ucromienuss KNMH (koadduument uspiaeuenuss HeQTH) COCTaBIsSIET B
aydmieM ciydae okoso 10 %. OgHOBpEMEHHO € 3THUM, TOMBITKH HCIIOH30BAaHUSI BTOPHYHBIX
MeToI0B yBenuueHus Hedreotnaun myreM I[ITJ[ (momaep:kaHus miacTOBOTO AABICHHS) METOJOM
3aBOJAHEHUS TP OCBOEGHUM HEPTAHBIX OTOPOUYEK TaKXKe JAEMOHCTPUPYIOT Mallyl0 CTEleHb
3¢ PEeKTUBHOCTH.

Ha cerogusmuuii neHp wus3BiaedeHo MeHee 2 % OT OOLIMX 3amacoB POCCUHCKUX
ra3oHe(TAHBIX MecTopoxaeHui. Ctoab Manas uugpa odycnapnuBaercs HeI((HEKTUBHON T0OBIUEH
HeQTH, TOPMO3ALIeH AaTbHEUIINI BBOJ 3allacOB Ta30BOM IIANKU B 3KcIUTyaTanuto. [lostomy, npu
pa3paboTKe MECTOPOXKJIEHUS C ra3oBOM IIANKOW M HE(PTSIHONH OTOPOUKOM HACTO MpPEeHEeOperaroT
3armacaMu He(TH, YTO, XOTS U HE COOTBETCTBYET TPEOOBAHUIO TOCYAApCTBA O JOCTH)KEHUU
MaKCHUMaJIbHOTO YPOBHSI M3BJICUCHHUS YITIEBOJOPOIHBIX 3alacOB U3 HEMp, SIBJISETCS HEU30EKHBIM
BBUJIy HEpeHTa0eIpbHOCTH 100bIYM HedTH [1].

BonbmmHacTBO MecTopoxkaenuit Bocrounoit CulOupH, ra30KOHAEHCATHBIE 3aJI€KU KOTOPBIX
XapaKTepU3yIOTCSl HAJIMYMEM TOHKHUX HEQTAHBIX OTOPOYEK, IJIAHUPYIOTCS K OCBOCHHIO B
Omwkaiimme rToapl. MIMEHHO MO3TOMY OCTPO CTOMT BOMNPOC O Pa3pabOTKe HWHHOBALMOHHBIX

TEXHOJIOTUH, CIOCOOHBIX 00ecreunTh 0ojIee BhICOKHE KO PUIMeHTh! HedTen3BneueHus [2, 3].
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K TakuM MecTOpOXKAECHUSAM OTHOCHTCS IIeJeBOe HEe(TEra3oKOHIEHCATHOE MECTOPOXKACHUE
(HI'KM [I), sBisttoriieecss 00 beKTOM peaiM3aliu pe3ybTaToB HCCJIe0BAHUS JaHHOIO IPOEKTa,
pacrioyio)keHHoe B npezenax pecnyOnuku Caxa (SIkyrus) u sBisronieecs OJHUM M3 CaMbIX
0OJIBIINX MO YTIEBOAOPOAHBIM 3anacaM B Poccuu. Ha gaHHBIN MOMEHT MECTOPOXKIEHHE HAXOAUTCS
Ha TIEPEXOJHOM JTale 3aBEpIICHHUs TIe0JOropa3BelOYHBIX pabOT ¥ Hayale OIBITHO-
IPOMBIIIJICHHBIX PA0OT COBMECTHO € IIOJATOTOBKOM K IPOMBILUIEHHON pa3paboTKe 3aexei.

Hcxons u3 BCero BBIIEU3IIOKEHHOTO, LeEJbI0 JAHHOH PpadoThl sBIsETCS pa3padoTkKa
MHHOBAI[MOHHOTO PEIICHUs MpOOJEeMbl TOBBINICHUS HEPTEOTAaYrn HEPTAHBIX OTOPOUYEK
MECTOPOXKACHUHN C Ta30BOM IIANKOM HA IPUMEPE HU3KOTEMIIEPATYPHBIX 3aJIEKEH MECTOPOKICHUS
J.. Ans goCTHKeHHs TaHHOW 1esiu ObUT pa3paboTaH METOJ ra3oM30JSLHMU C MOMOILBIO CO3JaHMS
ra3oruipaTHoro Oapbepa B 00JacTH Tra30HE(QTSIHOIO KOHTAaKTa  JJs YBEIMYEHHS BpPEMEHHU
0e3ra3oBoii BbIpaOOTKH 3a11acoB HEPTAHON OTOPOUKH.

OCHOBHBIMH pemIaeMbIMHU 321a4aMH B JaHHON pa0doTe ABISIOTCS:

1. OO6ocHoBaHME NEPCHEKTUBHOIO METOJA MPEAOTBpAIlEeHUs] 00pa30BaHUs I'a30BbIX KOHYCOB

Ha HU3KOTEMIIEpaTypHBbIX MECTOPOKIACHUSAX C I'a30BOM MIANKON M HEe(TIHONH OTOPOUYKON 3a

CYET CO3JJaHMs T'a30THIPATHOTO Oaphepa B 00JacTH ra30HEPTIHOTO KOHTAKTA.

2. PazpaboTka OnTHMandbHON TEXHOJOTMH OCYIIECTBICHHS JaHHOTO METOAAa Ha MpUMepe

MecTopoxaeHus /.

Hayuynast HOBM3HA M NPaKTHYeCKasi 3HAYMMOCTB. Y CTaHOBJIEHO, YTO Ia30BbI€ TMAPATHI
MOTYT TPEACTaBIATh U3 ce0S HE TOJBKO IPOMBICIOBYIO MPOOJIEMY, HO TaKXe MOIYT OBbITh
UCIIOJIb30BaHbl B KaueCTBE OTHOCUTENBHO JIEHIEBOTO W HAAEKHOTO pEHIeHUs MpoOIeMbl
00pa30BaHUs Ta30BbIX KOHYCOB Ha HE(TAHBIX CKBaXMHAX, JJ0OBIBAIOIIMX YIJIEBOAOPOJABI U3
HU3KOTEMIIEPATyPHBIX HEPTSIHBIX OTOPOUEK.

Teopernueckn 0O0OCHOBaHAa MPUMEHHMMOCTh CO3JaHHUSl Ta3oTUApaTHOro Oapbepa Ha
He(Tera3oKoOHIEHCAaTHOM MecTopoxaeHuu /1.

PazpaGoran  BapuMaHT  OCYIIECTBJIEHUS  JAaHHOH  TEXHOJOTMM  Ha  IpuUMepe

HC(I)TCF&SOKOHI[GHC&THOFO MCCTOPOKACHUS I[
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2. JUTEPATYPHBIN OB30P U COCTOSHUE ITPOBJIEMbBI

2.1.  OcoOeHHoCTH Pa3padOTKU MeCTOPOKAEHUI ¢ ra30Boii mAankoi u HedTaHOI
OTOPOYKOI

[TocTrenenHoe yXyAlIeHHE CTPYKTYpbl HE(TSHBIX 3amacoB Ha Tepputopun Poccuiickoii
denepauy NPUBEJIO K TOMY, YTO OOBEKTOM IOBBIIIEHHOIO BHUMAHHS B HACTOSIIEE BpeMs
ABIISIIOTCS TpyaHOuU3BIeKaemble 3anackl Hedptu (TU3), cocpenoroueHHble B HEPTAHBIX OTOPOUYKAX
ra3oHe(TAHBIX U Ta30KOHIECHCATHOHEPTIHbIX MecTopoxaeHud. Koapduurent nedrenspiaeueHus
U3 3aJIeKEH MECTOPOXKICHHI JaHHOTO THUIMA CYIIECTBEHHO MeHbine (okoio 10 %) [4], uem
K03 uureHT HedTen3BICUSHHS U3 3aJeKeH TPAIUIIMOHHBIX HE(PTIHBIX MECTOPOXKACHUH (OKOJIO
30 %)[5]. Yacro, mobbiueii HepTH U3 HEPTAHBIX OTOPOUYEK MPEeHeOperarT, a pa3paboTKa ra3oBoi
YacTH 3aJIKU Ha PEXHMME MCTOLIEHHs] NPUBOAUT K CHIDKEHHUIO IJIACTOBOTO JIABJIEHUS B Ia30BOM
IIaIKe U, COOTBETCTBEHHO, K pacopMUpOBaHUIO HEPTIHONH OTOPOUKH U OE3BO3BPATHOM MOTEpE ee
3aI1acoB.

Ha repputopun Poccuiickoit @enepannu 3anacsl HeQTAHBIX OTOPOUYEK KOJOCCATBHBI (OKOJIO
7 MumapaoB ToHH). WX pa3pa0oTka 3ayacTyro OCJOXKHEHAa BO3HHMKHOBEHHUEM HE(TAHBIX U
ra3oBbIX KOHYCOB, TUTOJOTUYECKUMHI HEOJHOPOJHOCTSMHU U OMACHOCTHIO pa3Ma3blBaHUs HE(PTIHBIX
OTOPOYEK 3a CYET 3HAUYMTEIbHBIX PENpEeccHil W Jenpeccuid, NpUMeHseMbIX K Iuiacty. Hambonee
CJIO)KHO pa3pabaThiBaTh NPOTsDKEHHBbIE (co 3HauuTenbHOW muomanpio 'HK) Tonkue HedTsHbIE
0TOpoukHU (MeHblIe 10 METPOB) U OTOPOUKH, HACHIILIEHHBIE BSI3KOH HE(PTHIO.

PaccmatpuBast nmpoOiemMy KoHycooOpa3oBaHUsl, SBIISIOIIYIOCS KIIOYEBOW B JaHHOW paboTe,
HEo0X0IUMO JUIsl Hayasia O0ObSICHUTH MPUPOAY JAHHOTO siBJIEHUS. B ciyyae BepTUKaJIbHBIX CKBaKUH
He(TsIHasE OTOPOYKA BCKPBIBACTCA TaKUM 00pa3oM, 4TO NepQopalnroHHbIE OTBEPCTHUS HAXOMAATCS
IPUMEPHO Ha PaBHBIX PACCTOSHHUSAX OT (IIOMIATbHBIX KOHTakTOB [4]. Ilpu peanusaiuu cucTemsl
TOPU30HTAIIBHBIX CKBa)KUH CTBOJIBI OYpSATCS B HECKOJIBKUX METpax OT BOJOHE(PTSIHOrO KOHTAaKTa, Ha

HaWOOJIBIIIEM PACCTOSIHUM OT Ta30He(TsIHOTO KoHTakTa (PucyHok 2.1).
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Gas-oil contact Gas-oil contact

Pucynok 2.1. KonycooOpa3oBaHue npy IpeHUPOBAHUH CKBAXHMHAMU (BEPTUKAIBLHON U

TOPU30HTAJIbHON) HE(PTAHONW OTOPOUKU

[Ipu orGope He(TH W3 CKBaKWH, OMHCAHHBIX BBIIIC, MPOUCXOIAUT CHIDKECHHE TaBIICHUS
BOJIM3M MX 30H JApeHupoBaHus. [lo 3TOM mnpuumHe ra3 U3 Tra30BOM IIAKM M BOAa W3
HOJCTUJIAIOIIET0 akBU(epa MpOphIBAIOTCA K 30HAM JIPEHUPOBaHUs, GOPMUPYs ra30Bble U BOJSHbIE
KOHYCBHl. BcnenctBue 3TOro, ra3oBblii ()akTOp W OOBOJHEHHOCTh CKBOKMHHOW MPOIAYKIUU
CTPEMHTEIIHHO PAaCcTyT, YTO MPHUBOIMT K CHIDKEHHIO AeOuTa HeTH 10 HepeHTabeapHoro ypoBHs. C
TEXHOJIOTHYECKOM JK€ TOYKM 3peHus, CHWwkKaroTcs oT1oopel Hedptn u obmuit KHWH 1no
MECTOPOKACHUIO [4]

[IpoGnema, cBsi3aHHas C JIMTOJIOTMYECKOM HEOIHOPOAHOCTBIO, OTHOCHUTCA K SIBJICHHUIO
«Kocoit» crmouctoctu. Pabora [7] ommchIBaeT aHTHKIMHAIBHYIO JIOBYIIKY, B KOTOPOW Mpolecce
0CaJIKOHAKOIUIEHUs] 00pa30BAIMCh HEMPOHUIAEMbIE MPOIIACTKH, OOYCIOBJIEHHBIE BTOPHUUYHBIMHU
KapOOHATU3aIMOHHBIMU TIpolieccaMi. B ciyuae, korja joByIIKa MpeacTaBisieT coboil HedTaHyo
3aJIeXkb, MOJCTUJIAEMYIO IOJIOIIBEHHON BOJOH, CKBaXKMHA, BCKPHIBAIOLIAS IaHHYIO JIOBYLIKY U
nepdopupyemas M0 BCEeMY HE(PTEHACBIIICHHOMY HWHTEpBally, uepe3 HEOTPAHUYEHHOE BpeMs
3apeHupyeT Bce HeTsHbIe 3anackl. Eciu jke J0oByIIKa 3amoiHeHa He(pThio U ra30M 4acTh 3alacoB
HeTu OyneTr 3abOKMpOBaHA 4yepe3 HEKOTOpOoe BpeMs B pe3ysbTaTe MpOophbiBa rasza U3 ra3oBOM
mianku (Pucynok 2.2). Bo BTOopoM ciydae Takke Oyaer HEdI(DPEKTUBEH METOJ MOJJIEpKaHUs

IJI1aCTOBOI0 AaBJICHUSA IIYTEM 3aKa4YKHU (1)J'IIOI/II[0B.
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Pucynok 2.2. Cxembl 3anexel pa3HOro HACKIIIEHUS B OJTHOTHITHBIX aHTUKIHHAIBHBIX JIOBYIIIKAX

Ilocnenusss mpobGiiema, OCHOXKHsIOIIAs J00bIYY HEPTH U3 Ta30HE(TAHBIX 3alexeH, -
OMAaCHOCTh MpPHUMEHEHMs OOJIBIIMX Jenpeccuil/penpeccuil Ha muiacT. UpesmepHble Jenpeccuu
NPUBOJAAT HE TOJIBKO K KOHYCOOOpDA30BaHMIO B 30HE JPEHUPOBAHUS HE(PTSIHBIX JOOBIBAIOLIMX
CKBaXHH, HO W K BBITCKAIOIIEMY M3 3TOI0 HCTOLICHHIO M IOTEpPE 3alacoB Ta30BOW IIAIKH.
[ToBbllIeHHBIE TEMIbl 3aKaYKH BOJbI MPHUBOJAT K CMELICHHWIO OTOPOYKH B Ta30BYIO IIANKY U
oTepsiM HEPTAHBIX 3amacos [5].

Bce ucnonb3yemple OAXOBI K pa3paboTKe MECTOPOKICHHUN ¢ BYX(a3HBIM HACHIIIEHUEM
3aJIeKed MOXKHO pa3/IeTh Ha 2 KaTeropuu: pa3paboTka Ha peKHMe UCTOIIECHHUS YHEPTUH TJIacTa U
pa3paboTka ¢ TIPUMEHEHHEM METOAOB TMOAJCPXKAHUS IUIACTOBOTO  JIABJICHUSA.  TaKxke
UCKJIIOUUTENIFHO Ba)KHA IOCIEI0BATEIbHOCTh HU3BJEUeHHUs 3amacoB Heptu u raza. CambiM
3¢ (eKTUBHBIM IPECTaBISAETCS NEepBOOUYepeIHas JoObIYa 3amacoB HEPTU U3 HEPTIHONH OTOPOUKU
WM OJIHOBPEMEHHOE M3BJICYCHHUE ra3a U He()TH ¢ ycloBUeM Hen3MeHHoro nonoxenus [HK [6].

B Poccun razoHeTsHBIE M Ta30KOHIEHCATHOHE(DTSHBIE MECTOPOKICHHS pa3padaThIBAIOTCS
Ha pEXUME HCTOIICHUS IUIaCTOBOW DSHEPrUU C IEpPBOOYEPETHBIM OTOOPOM Tra3a U YacThIM
UTHOPUPOBAHHEM 3aracoB HePTsAHOM oTOopoukH. Takoi crmocod MpuBOIUT K MOTEpE 3armacoB HedTH
[7].

[Ipumepamu  «ymHOM»  pa3pabOTKM Tra30HETSIHBIX W  Ta30KOHACHCATHOHE(PTSIHBIX
MECTOPOKICHUH ¢ obecrieueHrneM u3BieueHust HehTH U3 He(TIHONW OTOPOUKH SIBJISIOTCS:

e [puMeHeHHe 0apbepHOTro 3aBOJIHEHUS;
e OJHOBpEMEHHasT WM OJIHOBPEMEHHO-pa3lieibHass J00bya ra3a, HePTH U BOIBI C

IpUMEHEHHEM CalKIHHT-TIporiecca wiu 6e3 Hero [8];

e T[puUMEHEHHe 3aKaykd Tra3a W3BHE B Ta30ByI0 IIANKy, KaTaJu3UpyoLlas pPexXUM

IPaBUTAIIMOHHOTO BHITCCHEHUSI HE(DTH K 3a005M ckBakuH [9];
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e TICPBOHAYAIHLHOE HCITOJIb30BAHUE PEKMMa MCTOIIECHUS TUIACTOBOM SHEPTHH C OTOOpPOM rasa
W3 ra30BOM IIANKH, B Pe3yJbTaTe KOTOPOr0 CHUXKEHUE TJIACTOBOTO JIABJICHUS KaTaJIU3UPYET
cMenieHue HepTH U3 HEPTSIHOHW OTOPOYKM B Ta30HACHIIIEHHYIO YacTh, TJI€ OCTaTOYHAs
He(DTEHACHIIIEHHOCTh MOXeET cocTaBisATh oT 20 g0 40 %, 3a cyeTr 4ero yBEeIMYHMBAIOTCS

pa3Mephl 3a1acoB HePTSIHON 0TOpouKH |8, 9].

BriBoabI 110 IOApPA3AENyY:
1. CymecTByeT HECKOJIbKO OCHOBHBIX MpoOJieM, BO3HUKAIOIIUX MpH oTOope HedhTH u3

HE(TAHBIX OTOPOYEK, PACTIONOKEHHBIX B MOJra30BO-HaJaKBU(DEPHBIX 30HAX:

e KOHYCOOOpazoBaHHUE, CIIOCOOCTBYIOIIEE OBICTPOMY YBEIWYEHUIO OOBOJAHEHHOCTH U
3ara30BaHHOCTH CKBOKHHHOM MPOIYKITUH;

® JIUTOJIOTMYECKas HEOJAHOPOAHOCTH IJIaCTa, MPUBOASIIAS K OTPAaHUYCHHUIO HHTEpBaja
JPCHUPOBAHMSI CKBAKHHBI;

e omnacHocTh pachopmupoBaHus (pa3ma3biBaHHs) HEPTAHOM OTOPOUYKH M MOTEPU
3aMmacoB  Ta30BOM  IMAamkd B pe3yibTaTe  NPUMEHEHHS  Ype3MEpPHBIX
penpeccuii/nenpeccuii Ha TIacT.

2. Ot6op HepTH u©3 HEPTAHBIX OTOPOYEK SBISAETCS ToOpa3io Ooyiee  CIOKHBIM

MEpONpHsITHEM, YeM OTOOp HedTH U3 TPAIUIUOHHBIX HEPTIHBIX 3allexkel,

MOJICTHJIAEMBIX BOJIOM, a CMOCOOBI pa3pabOTKH HE(DTSIHBIX OTOPOUYEK PA3BUTHI rOpPasio

MEHBIIIE, YEM CITOCOOBI pa3pabOTKU TPAJUIIMOHHBIX HEPTAHBIX 3aJIeKEH.

2.2. OnpIT npuMeHeHNs 0apbePHBIX TEXHOJIOTHIA 1151 KOHTPOJISA KOHYC000pa30BaHus

[IpopsIBBI ra3za U3 ra3oBOM IIANKH W, B MEHBIIEW CTENEHHU, BOJBI U3 akBU(eEpa SBISIOTCS
KIIIOYEBBIMU  (paKTOpaMH, O0O€CIEeUUBAIOIIMMH HU3KHE KOIPPUIMEHTH He(TEenu3BICUeHUs U
HEepeHTAa0eIbHOCTh JajbHENIIe pa3paboTku HePTIHOH OTOpOoUKH. OIHUM M3 TEOPETHUYECKHX
METOA0B OOPHOBI ¢ JAHHOW MPOOJIEMON SBISIETCS SKCIUTyaTalMsl 3ajIe)Kd Ha KPUTHUYECKOM JlebuTe
KOHYCOOOpa30BaHUs, KOTOPBIM TO3BOJSIET OTOMpaTh 0€3ra3oByl0 HE(PTh UIMTEIBHOE BpPEMS.
OnHako B OOJBIIUHCTBE CITy4aeB TaKOW MOAXOJI SIBJISETCS YKOHOMUYECKU HEpEeHTa0eIbHbIM [1].

3aMeUTh Ta30BbI MM BOJISHOW TPOPBIB U YBEJIWYUTh KPUTHUECKUH JeOUT
KOHYCOOOpa30BaHUsl IO3BOJIAET TEXHOJIOTUS CO37aHus OapbepoB Ha (IIOMJAIBHOM KOHTAKTE.
CymectByeT nBa TuUna OapbepHbIX TEXHOJOTHMH, KOTOpbIE YINOMHUHAIOTCS B JIMTEpaType, s

3aMeIJICHUs MPOPhIBA Ta3a WU BOABI B He(PTe100BIBAIOIINE CKBAKUHBI:
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e METOJbI, OCHOBAHHBIC HA CO3JAHMHM TOPU30OHTAILHON TPEUIMHBI Ha YPOBHE (IIFOMIATIBHOTO
KOHTAKTa M 3all0JIHCHUH €€ MPOIaHTHO-IIeMeHTHO# cMechio [10];

® MCTOJbI, OCHOBAHHBIC HA 3aKa4KEC KXUJKOCTH.

Oba Tuma OCHOBaHBI Ha  yCJIOBUM  (OPMHPOBAHHS  HEMPOHUIIAEMOTO  HIIH
HU3KOIPOHUIIAEMOT0 ropu30oHTanbHOTO Oapbepa Ha ypoBHe I'HK mmm BHK, xotopsiii cnocoGen
3aMEIJINTh TMPOPBIB HEXKEJIATeNbHBIX (IIOMI0B B He(Ted0ObIBAIOIINE CKBAKUHBI C LIEJIbIO
YBEJIMYEHUS IPOIOJIKUTEIIBHOCTH PEHTA0EIbHOM SKCIUTyaTalluu JaHHBIX cKBaKuH. [IpenmMyiecTBo
OapbepHBIX TEXHOJOTHM TaKKe 3aKIIoyYaeTcs B BO3MOXKHOCTM OSKCIUIyaTallUd CKBaXUH C
KPUTUYCCKMMHU JeOUTaMU, B HECKOJIKO Pa3 MPEBBIMIAINIMMU PacCUMTaHHBbIC aHATUTH4YecKu [11,
12].

BriepBbie 1OAXOX, OCHOBAaHHBIM HAa CO3JAaHUM TPELIMHBI U 3aIOJHEHUM €€ TBEPABbIM
MarepraioM, ObuT mpeaiokeH B padore [11]. OcHOBHAs uzes JaHHOI TEXHOJOTUH 3aKIIFOYaeTCs B
CO37aHUM HeOOJbIION Topu3oHTaNbHOM TpeuHbsl Ha ypoBHe ['HK wnmu BPHK u 3anonnenun
IIPOCTPAHCTBA JAHHOW TPEIIMHBI CMECHIO MPONIIAHTA M LIEMEHTa. Yepe3 HEKOTOpOoe BpeMsl I1OCIIe
3aKayKH, MPOMCXOAUT 3aTBEPIAEBAHUE JAHHOW CMECH IOJ JCHCTBUEM MAABJICHUS BBILICIIEKAIINX
nopoJ U (GopMHpOBaHME HU3KONPOHMLAeMOro Oapbepa. DddexT OGapbepa, MO CIOBaM aBTOPOB
pabortsr [11], 3akmo4aeTcss B TOM YTO paJdyCc BEPTUKAILHON CKBAKUHBI B pacyeTaX KPUTHYECKOTO
neduta KOHYycoOOpa30BaHMs TeHepb MOXKET ObITh 3aMEHEH Ha pajauyc Oapbepa, Tak Kak ra3 WU
BOJ1a OylyT MOJTATUBATHLCS K KpasiM Oapbepa.

OpHako naHHasg TEXHOJOTHS HMEET CYLIECTBEHHBIE HENOCTATKH, KOTOPHIE CBA3aHBI C
CO3JJaHMEM TOPU30HTAIBHOM TpenuHbel. Yacto B MOpOAE BEPTUKAIBHBIA CTPECC IPEBBIIIAET
TOPU30HTAJIbHBIE, OCOOEHHO Ha OOJIBIIMX ITyOMHAX, CIIOCOOCTBYSI TOMY, YTO TPEIIMHA MOJIy4aeTCs
BEPTUKAJILHOU. BIIOIHE BEPOATHO, 4TO IPUMEHEHUE AAHHOW TEXHOJIOTMM YBEHYAETCS YCIIEXOM Ha
HEOOJIBIIMX TIyOMHAX, OJHAKO OOJBIIMHCTBO YIJIEBOJOPOJHBIX 3aJIe)KEH PACIOJIOKEHBI ropa3zio
riry0xe, MO3TOMY METOJ| CO3/IaHUs TBEPAOro Oapbepa 10 CHX IMOp CYLIECTBYET TOJIBKO B TEOPUU
[12].

Bropoii Tun 6aphepHBIX TEXHOJIOTHI BKIIIOYAeT B ceOsl 3aKaukKy *XHUJIKOCTeH (resieH, IeH,
noauMepoB U T.1.). CyllecTByeT OrpOMHOE KOJMYECTBO Pa3IMYHBIX COCTAaBOB U MX CMECEH,
KOTOpBI€ ObUIM PEKOMEHI0BAaHbI Pa3HBIMU aBTOPAMU B MX paboTax JJs CO3JAaHMs HEPOHUIIAEMOTO
WIM HU3KONpoHMLaeMoro Oapbepa. Hekoropble M3 HHUX paccMoTpeHbl HIbke. CTOUT Takke
OTMETHTb, YTO MPOMBICIIOBBIN OMBIT MPUMEHEHUS KUAKOCTHBIX 0apbepoB OYEHb OIpaHUYEH, JaKe
OpU  YCIOBHHM TOTO, YTO YIOBJICTBOPUTEIbHBIC pPE3YyIbTAaThl OBUTM TIOJYYEHBI C IOMOUIBIO

HHCTPYMCHTOB MAaTEMATHUYCCKOI'0O U TUAPOANHAMHUYCCKOTO MOACIUPOBAaHM.
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OavH #W3 HEMHOTMX METOJOB, NPOTECTHPOBAHHBIX B MPOMBICIOBBIX YCIOBHSIX U
OTHOCSIIUICS K BBIIIEHU3I0KECHHOMY THITY OapbepPHBIX TEXHOJIOTHI, ObLT MpeiokeH B pabore [13].
Mertoa BKIItOYaeT B ce0sl TIOJArOTOBKY IMOJIMAKPHIIAMHUIOB B OT(DUIBTPOBAHHOM BOJIE C NATbHEHIIINM
MOBTOPHBIM (DUIBTPOBAHUEM CMECH C IENbI0 YJAJICHUS HEPACTBOPCHHBIX YACTHI] TMOJIMMEpa.
JanHast cMech TIpencTaBisieT coOOW OCHOBY Oapbepa, KOTOPBIA NPEMSATCTBYET IMOTOKY
KOHycooOpa3yromux ¢uronaoB. s 10cTaBKH cMecH Ha HEOOXOAMMYIO TIIyOWHY aBTOp TaHHOH
paboTBl PEKOMEHJOBAN BBICOKHE neOuT 3akadku (okoio 0,5-0,6 M3/MI/IH). OnHako OIMBIT
MPUMEHEHUS TEXHOJIOTUM B TMPOMBICIOBBIX YCIOBUSAX IIOKa3al, YTO B OOJBIIMHCTBE CIIy4aes,
NPOHHUIIAEMOCTh B NPEINOIAaraéMoil 30HE CYLIeCTBOBaHMA Oapbhepa XOTs M ObUIa CHUXKEHA,
OKa3aJIaCh CIHUIIKOM OOJIBIION IS 3aMeIJICHHsI KOHYCOOOpa30BaHUSI.

JIpyroiit mpumep MOMBITKA CO3/aHuUs KUIKOCTHOrO Oaphepa mpezcrarieH B padote [13]. B
JTAHHOM CJIydae B Ka4eCTBE JKUAKOCTH 3aKaukd ObLIO MPEUIOKEHO MCIIOIBb30BaHUE BOIOHE(TIHON
OIMYJIBCUH, KOTOPAs IO 3TOTO JAOCTATOYHO 3(H(PEKTHBHO MPUMEHSUIACH IS TAMIIOHAKHBIX paboT B
HarHETaTEeIbHBIX CKBOKUHAX, T¢ (IIFOMIAIBHBINA MOTOK BCET/Ia HANIPABJICH B OJTHOM HaIlPaBJICHUH.
Opnnako B JOOBIBAIOIIMX CKBAXKMHAX MOAOOHAs TEXHOJIOTHS OKa3alach Oe3pe3yabTaTHOM, TaK Kak
KAl HeTH B AMYJbCHUU BBITECHSUIMCH, KaK TOJHKO HAYMHAJIACh JKCIUTyaTalvs JTOOBIBAOIICH
CKBQKUHBI.

PaccmatpuBas 6051ee Cl0KHBIE METO/IbI, OTHUM W3 TIPUMEPOB MOXKET CIYKUTh TEXHOJIOTHS,
omucanHas B pabore [15]. Cyrp Meroma 3aKiO4YaeTcs B OJHOBPEMEHHOW  3aKayke
MOJIMMEPA/CHITMKATHOTO TeJIsl Ha Ta30HEe(TSHOM KOHTAKT W TICHBI B HE()TEHACHIICHHYIO YacTh

(Pucynok 2.3).

Continuous injection of
foam-forming material + nitrogen

Sequential injection of
gel-forming materials

Impermeable zone

Pucynok 2.3. Cxema 0JHOBpEMEHHOM 3aKa4KH MOJTMMEPa/CUITHKATHOTO Telisl U TICHBI
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Ycaopus YCIICHIHOTO ITPUMCHCHUA JAHHOTO METO/JIa 3aKJIFOYAOTCA B CIICAYIOIICM:

e Heobxoaumas cTeneHb CHIKEHHUS MPOHHUIIAEMOCTH MOCTOSHHOTO Oapbepa JAOCTUTaeTcs 3a
CYET 3aKauKH reseoOopa3Hoi CyOCTaHIIMH.

e Jlnsg pocTukeHHs MakCUManbHOU 3(D(PeKTUBHOCTU OGapbep NOJKEH ObITh HEMOJBHUYKHBIM,
pacrpocTpaHEHHBIM M0 ITUIOMIAJIM M pacmojaraTthCs kKak MoxkHo Ommke k ['HK. Dtum
KPUTEPUU MOTYT OBITh YJIOBJICTBOPEHBI MPU MOMOIIH MOITATHON 3aKaYKHU TeIe00pa3yromux
MaTepuasoB ¢ OOJIBIIUM HHTEPBAIOM BPEMEHU 3areIMBaHusl.

e Pacnpoctpanenue OappepooOpa3yroliero marepuaiga IO IUIOIIAAU JOCTUTAaeTcs IIyTeM
OJIHOBPEMEHHOM €ro 3aKauyky M 3aKauku Mojjaep:kuBaromei cpensl (meHsl). [IpumeHenue
neH sBisgercs dPQPEKTUBHBIM pellleHHneM, TaKk KaKk OHU MMEIT MUHUMAIbHOE BIIMSHUE Ha

00619y He()TH TOCTIe 3aKAYKH.

JlauHblit ciocod ObL1 ompoOoBaH Ha MectopoxaeHuu Algyo ¢ HedTsHOH OTOpOYKOH U
ra3oBOi mankoi. [IpuroToBieHne NOAXOSIIMX COCTABOB MEHBI U I'elisl MOTPEOOBANIO JUTUTEIBbHBIX
71a00paTOPHBIX HCCICIOBAHMIA, CBA3aHHBIX C H3YyYCHHEM KaXKJIOTO KOMIIOHEHTA, BXOJSIIETO B
cocraB Oynymiero 6apbepooOpasyromiero marepuana. Takxke Mporecc 3aKadKH MPEeICTaBIsT cOO0H

otzenpHy0 npobiemy (PucyHok 2.4).

Gel unit Foam unit

Polymer/Silicate Cross-linking Protein Tenside
Solution Selution Solution Solution
[—] [ =
[ — —— ] |
1

i
nl,
L

I ——] =
= =
5

e
o 'oco—¢ "0—00 0
HP Pump Mixer & HP Pump
L Q{C Evaporator & compressor Liquid nitrogen
Foam
I~ Generator -
P s
e L& LIO—O00' 0
Well Nitrogen Unit O (@)

Computer control and data acquisition

Pucynok 2.4. Cxema OBEpXHOCTHOTO 00OPYJOBAHUS JJIS 3aKAUKH T'eJisl ¥ TICHBI.
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ITocne Henmenu OOHANEKMBAIOLIMX PE3yJbTATOB Ta30BBIA (PAKTOp Hayal CTPEMHTEIHHO
pactd, mMoKa HE JOCTUT 3HadeHus a0 omnpoboBanust TexHosoruu (['®>500). Urorom cramo
3aKJIFOYCHHE O TOM, YTO JAHHBI METOJ CIIMIIKOM CJIOXEH JUIS MPOMBINUICHHOW peau3alid U

HKOHOMHYECKH HEIPPEKTUBHBIN.

B Poccum, cnoxnas OapbepHas TexHoJorus Obuta ommcaHa 3akupoBbiM [4]. Meron

3aKJIII0YaJICA B CIICAYIOIICM:

e [lepBoouepenHoe co3maHWe TOCTOSTHHOrOo reneBoro »kpaHa ©Ha [HK (¢ mensro
NPeOTBPALICHUS IPOPHIBA BOJBI, KOTOPast OyAET 3aKa4MBaThCS BBILIE 1O IUIACTY).

e [JlocTeneHHas 3akayka 3HAUUTEIHHBIX 00BEMOB BOJIBI C LIEIBbIO CO3/IaHUSI BOJSHOTO Oaphepa
(mmst pa3oOmIeHHs Ta30BOM IIANKKA M HE(PTSHOH OTOPOYKH W TOMJEPKAHUS IUIACTOBOTO

nasnenus) (Pucynok 2.5-2.7)

OpHako pe3ynbTaThl TUAPOAMHAMUYECKOTO MOJICIMPOBAHUS OKA3aIM, YTO Ja)Ke Ha CTauu
CO3JIaHUs TEJIeBOI0 3KpaHa OOHapyXHUBarOTCs cepbe3Hble Nnpobisiembl. CyllecTBOBaHUE IMPOOIeM
TaKXe MOATBEPIMIOCH NPH MOJAEIMPOBAHUU 3KpaHa HEO0OXOAMMOI KOH(UIypaluu B YCIOBHIX
peanbHbIx Mojenelr Mecropoxiaenus T1roll (Hopserusi) u JISHTOPCKOPCKOTO MECTOPOIKICHHS

(Poccus).

Pucynok 2.5. Cxema MeTo1a 3aKupoBa ISl BEPTHKAIBHBIX CKBa)KUH [4]
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Gas
Injector

P HCYHOK 2.6. Pacnonoxxenue 1 OPHU30HTAJIbHBIX CKBAKUH

Pucynoxk 2.7. Cxema MeTo/1a 3aKUpOBa JJIsl TOPU30HTAIBHBIX CKBaXHH [4]

KonkpeTHee, co3nanue 3kpaHa MOJICITHUPOBAIOCH IS Clydas TOPH30HTAIBHBIX CKBaXUH. Bo
BpeMsl 3aKaYKHy TeJIEBOTO COCTaBa C OIMPEe/IeJICHHBIM BPEMEHEM 3areIMBaHusl Yepe3 TrOPU30HTATbHBIN
HArHETaTEeNbHBIA CTBOJI MPOUCXOIWIO HEKOHTPOIHMPYEMOe Hamep3aHue Trefisi BOMM3H CKBaKHHBI.
CaM reneBblil 3KpaH HMeN MNPUYYAJIMBYI0 KOH(QUIYpalMIO pacloJIOKEHHUsS B IJIacTe, YTO He
COOTBETCTBOBAJIO OKUIAHHUSIM PAaBHOMEPHOI'O pacHpOCTPAaHEHUS Ha YpPOBHE Ta30HE(TIHOTO

konrakTa (Pucynok 2.8) [14].
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Pucynok 2.8. V3onmHUM HACKHIIIEHHSI TeJIEM ITOPOBOTO MPOCTPAHCTBA B MOMEHT T=22 nHs (TIpH

neoure 3akauku 800 M3/CYTKI/I Y BpeMeHeM 3areneBaHus T e, =6 qHE)

[Tocne mpoBedaeHUs TUIPOJMHAMHYECKOTO  MOJCIUPOBAHUS ObUIa JaHa  cepus
peKoMeHmanuii Uit yBenudeHus: 3(G(EKTUBHOCTH JaHHOTO METOJa Ha OCHOBE TIIATEIHHOTO
aHaM3a, BKIIOYaroNas B ceOs cemapaluio 3aKaykd TelIeBOr0 MaTepHhalia Ha HECKOJIbKO ITaroB,
KOKIBIH U3 KOTOPBIX XapaKTepHU3yeTcs WHAMBUAYAIbHBIM JeOMTOM U BpeMeHeM 3akauku. K
npuMepy, MoJ00HOE MO3TAIHOE MOJCTUpOBaHKME OBUIO MPOBEACHO s MecTtopokaenus Troll:
BpeMs 3aKauykd BapbUpoOBaioch OT 2,1 mo 3,5 nHeill, MHANBUIyaJIbHOE BpPEMsS 3areJIMBaHMs IS
nopuui reineBoro marepuana coctaBuwio oT 4,3 mo 107 nHel, neOWT 3akauykul W3MEHSUICS B
muana3one 300-3010 M3/CYTKI/I.

Kak BUIIHO W3 BBIIENU3I0KEHHOTO, METO/T CO3IaHUS I€JIEBOT0 AKPAHA CIUIIKOM CIIOXKEH IS
OCYIIECTBJIEHHUS €r0 B MPOMBINIJIEHHBIX MacmTadax. KpoMe Toro, mpoBeneHne uccieqoBaHui AJis
WHAVBUIYAIbHBIX YCIOBUN MECTOPOXACHUM, 3aKylKa W JOCTaBKa MaTepHaloB M 00OPYIOBAHHS

TpeOyIOT OONBIINX 3aTpaT.
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BriBoabI 110 nogpazneny

1. CrocoObl Ta30M30JIAMM HAa YpPOBHE Ta30HE(TSHOTO KOHTAKTa Ta30HEPTIHBIX H
ra30KOHCHCATHOHE(TAHBIX 3ajIekKel B HacTosIIee BpeMsl Mallo U3ydeHbl. B ocHOBHOM,
paboThl, NOCBALICHHbIE JAHHOIN TeMaTHKe, HaXOIATCs Ha «TEOPETUYECKO» CTaluu, 1100
U3BECTHBI pEIKHE, B OOJIBIIMHCTBE CBOEM HEyJayHble MOIBITKM I[PUMEHEHMUS,
OTCYTCTBYET B TIPOMBIIIICHHBIX MAacIITa0ax MPOMBICIOBBIA oOnbIT. JlocTaTouHo
HNEPCHEKTUBHBIMH SIBJIIOTCS OapbepHbIE TEXHOJOI'MM, KOTOPHIE TaKK€ OTHOCUTEIBHO
MaJIO U3y4YEHBI.

2. TexHomorwsi CO3/laHUSI TBEPABIX OappepoOB €  HCIOIB30BAHHEM  3aIlOJHEHHBIX
IPOININAHTHO-IEMEHTHON CMEChI0 TPEIIMH HMEEeT CYUIECTBEHHBbIH HEJAOCTAaTOK,
3aKJIIOYAIOLIUICSA B HEOIPENEICHHOCTH yclleXa CO3[JaHUsl TPEUIMHbBl B HYXHOM
HanpasJIeHUU. J[aHHas TEXHOJIOTUs CYyHIECTBYET JIMIIbL B TEOPUH.

3. IlpumMeHeHMe pa3TUYHBIX KUAKOCTEH: TeJei, IeH, MOJIMMEPOB, IMYJIbCUI U JAPYTHX, Ha
NEPBBIN B3IV MPEACTABIISAETCS MEPCIEKTUBHBIM, OJIHAKO TPYJHOOCYILIECTBUMO B CBS3U
co creuu(UKoN ycloBUM B3aMMOAEHCTBUS JaHHBIX KHUJIKOCTEH C OKpYyKarolle cpenon
U, HeNOCPEJACTBEHHO, mopoaod. JlaHHas TexHonorus TpeOyeT  TIIATEIbHBIX
JIOPOTOCTOSIIIMX ~ UCCIIEOBAaHMM B  JaOOpaTOpPHBIX  YCIOBUSIX, MaTepUaloB H
o0opynoBanusi. HecMoTpsi Ha Bce BBIIIECNIEPEUUCICHHOE, TEXHOJIOTHUSI CO3JaHUs
KUJKOCTHBIX 0apbepoB BCE )K€ UMEET HEKOTOPBIM ycIeX MPUMEHEHHS] B IPOMBICIOBBIX
ycioBusix [15, 16].

4. OpHako CyllecTBYeT MpoOiieMa HEKOHTPOJIMPYEMOro Hamep3aHUs reisi BOJIM3U CTBOJA
CKBA)KUHBI, KOTOpasi 3HAYUTEIBHO yCYTyOJIsieTCsl IPU HU3KUX TUIACTOBBIX TEMIIEpaTypax.
BceneacrtBue 1maHChl YCHENIHOTO TNPUMEHEHMS] TEXHOJIOTUH CO3JaHMs KUJIKOCTHBIX
0apbepoB Ha MECTOPOXKICHMAX C HHU3KOM IUIacTOBO Temmeparypoil, HedTsHON

OTOquKOﬁ 1 ra30BOM IIAIIKOM 3HAYUTEIBHO YMCHBIIAKOTCH.

2.3. OnpIT NpUMeHeHNUs TA30TWAPATOB LIS KOHTPOJISI KOHYC000pa3oBaHHsA

Kak oTrmeuanock panee, BO BpeMsi pa3pabOTKH MECTOPOXKICHUM C HE(DTIHOW OTOPOYKON U
ra3oBOil IIANKOH CyIIECTBYeT OMACHOCTb NPOpPHIBA ra3za B HE(QTSHBbIE JOOBIBAIOIINE CKBAKUHBI,
KOTOPBII SIBISIETCS MPUUYMHOW CHUKEHHUs Jebuta He(TH, OJOKMPOBKH YaCTH HE(TSIHBIX 3aIacoB,

CHIDKEHUHU Kod(duimenta HeTEU3BICUCHNS U YBEIIMUEHUN BPEMEHH pa3pabOTKH 3alieku. B To ke
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BpEMsI U3BECTHO, YTO TPU OMPEICICHHBIX TePMOOApPUUYECKUX YCIOBHSIX (HU3Kas Temreparypa u
BBICOKOE JIaBJIEHHME) CMECh BOJAbI M raza oOpa3yeT TBepAOe JIbJIOMOJ00HOE COEeIWHEHUE O[T
HA3BaHMEM «Ta30Bble TUAPATHD (JaHHBIA (eHOMeH OylIeT OmUcaH B CIEAYIOLIEM IOApa3Jiene).
[TosTOoMy, mpobsiemMa popsIBa ra3a U3 Ta30BOM MIANKH B HEPTAHYIO OTOPOUKY HA MECTOPOKICHUSAX
C HU3KOH IJIACTOBOM TeMIlepaTypoil MOKET OBITh pellieHa ¢ MOMOIIBIO CO3MaHUS Ta30THIPATHOTO
Oapbepa, KOTOpBIi 3a0JI0KMPYET ra30BYI0 MIANKY OT He()TEHACHIIICHHON YaCTH 3aJIeKU.

Heckonbko poccHUCKHUX YUEHBIX MPEANPUHUMAIH MOMBITKU LEICHANPABICHHOTO CO3/IaHus
ra3oruipaToB B miacrte. J{Js gydiiero NoHUMaHus WA JAaHHOM TEXHOJIOTUU CTOMT PacCMOTPETh
MIPUMEPHI €€ Pa3BUTHS.

AbpaeB B cBoeii crathe [17] 1 CuHIIOB B CBOCiH mateHTHOU padote [18] orMedanu, uyto Ha
JaHHBIA MOMEHT CYILIECTBYET 3HAUYMUTEIbHOE KOJIHYECTBO METOAOB S((eKTHuBHON pa3zpaboTku
3armacoB HE(PTSIHOH OTOPOYKH, OJHAKO BCE OHM HE NMPUMEHHMBI B HACTOSIIEE BpEMs, TaK Kak
TpeOYIOT TOPaOOTKY WIIM CEPhE3HOM aJanTalyd K YCIOBUSAM MecTOpoxacHus. OCcOOEHHO, TaHHBIH
(bakT OTHOCHTCS K SKCTpEeMallbHbIM YCIOBUSAM MecTopoxaenuit SImana u Bocrounoit Cubupmu.
[ToaToMy, Ha TaHHBIX MECTOPOXKJICHUSAX J0 CUX MOP CaMOil MOMYIISIPHOI TEXHOJIOTHEN 3aMe/JIeHUS
IpOpbIBa rasa sBisieTcs OypeHne rOpH30HTAIBHBIX CKBXHH Ha HanbousbmeM paccrostauu oT ' HK,
HACKOJIBKO 3TO BO3MOXHO. COOTBETCTBEHHO, CYIIECTBYET HACYIIHAs MOTPEOHOCTh B CO3TaHUU
HOBOW 3((HEeKTUBHON TEXHOJOTHUHU, KOTOPasl UCKIIOYUT HEIOCTATKH BCEX MPEABIIYIINX METOJIOB.
Takoil TeXHONOTHEN MOXKET CTaTh CO3/IaHNE Ta30TUAPATHRIX OAPHEPOB.

Cyrb TexHonoruun AOpaeBa u CuHHIOBa 3aK/IIOYaeTcs B IE€PBOHAYAIbHOM OypeHUU
BCIIOMOTATEeIFHOTO HArHETAaTEIIFbHOTO TOPU30HTAIBHOTO CTBOJA, KOTOPBIA TOJDKEH PacIioyiaraThes
Ha YpOBHE Ta30HE(PTSHOTO KOHTAaKTa U MMETh OJUHAKOBYIO JUIMHY C OCHOBHBIM JIOOBIBAIOIIMM

TOPU30HTAILHBIM CTBOJIOM CKBaXXHUHBI (PUCYHOK).
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producer

Pucynok 2.9. Cxema pacrnosioskeHUsl HarHeTaTSIbHOTO M IOOBIBAIONIETO TOPU30HTAIBHBIX CTBOJIOB

[17]

BcenomoraTenbHblil HarHeTaTeNbHbIM CTBOJN IJIAHUPYETCS OypUTh C ILEJIbI0 BPEMEHHOU
pabotel. [loaToMy ero 3akaHuMBaHUE HE TpeOyeT LIEMEHTHUPOBAHMS MJIM YCTAaHOBKHU (UIbTpa-
xBocToBUKa. [locie cTpouTenbcTBa JAHHOTO CTBOJIA HAYMHACTCS 3aKauka BOJABI JO TOIO MOMEHTA,
KaK MpPUEMHUCTOCTb CKBaXUHbl He cHM3UTCI B 10 pa3. JlaHHOE CHI)KEHHE TPUEMHCTOCTH
MOJTBEPANUT Ha4ajo 00pa30BaHUs T'a30BbIX THAPATOB.

B pesynabrare nedcTBHMi, omucaHHBIX BbIme, (GopMupyercs BOJISHOU  CIIOH
AIUIMIICOMIANBHOM GopM. JlaHHBIN ci0il BOIBI B3aUMOJEMCTBYET C ra3oM TIa30BOH IIanku, U
noJ00HOe B3aUMOJIEHCTBUE NMPHUBOJUT K OOPa30BaHHUIO ra3oBBIX TI'MJpaToB. B KoHeuHOM wuTOre
dopMupyeTcsi ra3orujipaTHblii Oapbep HaJl MHTEPBAJIOM JPEHUPOBAHUS JI0OBIBAIOILIETO CTBOJA
CKBQ)KMHBI, KOTOPBIM HEMPOHHUIAeM Jsi IUIacTOBBIX ¢uironaoB. Mcxoas U3 Toro, 4ro B 30HAX
JPEHUPOBAHMS CKBAXKMH — MUHUMAJIbHBIE JABJICHUS B IIJIACTE, MMEHHO B OTUX 30HAX CYLIECTBYET
HauOoJIbIIass BEPOSTHOCTh KOHycooOpa3oBaHus. JlaHHas BEpOSTHOCTb MOXET OBITh MCKIIIOYEHA
Osaromaps chopMupoBaHHOMY THAPATHOMY Oaphepy.

Crnenyrouuii atann — OypeHue OCHOBHOTO JOOBIBAIOIIET0 TOPU30HTAIBHOIO CTBOJIA U3 TOTO
K€ €aMOro BEPTHUKAJIbHOIO OCHOBAHHWS, YTO W OypeHHE BCIIOMOIaTelbHOI0 HArHETaTEeNLHOTO
TOPU30HTAILHOTO CcTBOJIA. JI0OBIBAaIOLINII CTBOJ pacrosaraercsi Ha MUHMUMAIbHOM PAaCCTOSHUM OT
BHK u 060pynoBaH 1miesneBbIM pHIBTPOM-XBOCTOBUKOM.

ITocne ctpoutenbcTBa 00€MX CKBaXKHMH U JIMKBUJIALIMKA BCIOMOTaTEIbHOTO CTBOJIA, OCHOBHOM
CTBOJI IYCKAIOT B JKCIUTyaTanuio. MHUHHManbHOE 3a00ifHOE JaBlieHHE JOJDKHO OBITh HE MEHee
JIaBJICHUS Havyajla 00pa30BaHUs THPATOB MPH CYILIECTBYIOIIEH IJIACTOBOM TeMIIeparype.
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OCHOBHBIE YCIIOBUS CTA0MIIBHOTO CYIIIECTBOBAHUS THPATOB 3aKJIIOYAIOTCS B MOIXOSIIEM
COUYETaHMH IJIACTOBBIX TEMIEPATyphl U JaBieHus. MHorue mectopoxaenus Boctounoit Cubupu
YIIOBJETBOPSIIOT JAHHBIM YCIOBUSIM.

Wnes cozmaHus Ta3oruipaTHOro Oapbepa Kak WHCTPYMEHTA JJIsi KOHTPOJs 0oOpa3oBaHUs
KOHYCa ra3a u yBelIW4YeHHus HedTeoTnaun HeTAHOW OTOPOUYKU Tarke Oblia MpeiokeHa B padore
Kaiiropogosa [19]. Ero maes 3akirouanach B 3aKayke XOJIOJHOH BOJbI B Ta30BYIO IIANKy Ha
MECTOPOXKACHUAX C HU3KOW IUJJaCTOBOM TEMIIEpAaTypoil, MpU B3aUMOJCHCTBUU KOTOPOM C
IUTACTOBBIM Ta30M HAuyHETCSd Mpolecc TUApaTooOpa3oBaHWs B IUIACTE NPU  TOIXOAALIMX
TepMoOapuyecknx ycinoBusx. boiee Toro, oH yTBep)KJaJl, YTO HArHETaHHWE JOTIOJHUTEIHHOTO
KOJIMUECTBA BOABI B IUIAcT OyAeT crocoOCTBOBATh MOAJEPKAHUIO CYIIECTBYIOUIETO IJIACTOBOTO
JaBjieHus, oblierdas Impolecc ruapaToodpazoBanus. Takxke, mo yrBepxaeHuro Kaiiropomaosa,
Ba)KHA MTOCIIEIOBATEIHLHOCTh OYpEeHUs CKBAXXHH: M3HAYAIbHOE OypeHHEe HarHETaTeIbHBIX CTBOJIOB B
o0yacTh ra3oBOil IIANKKU, HarHETaHWE BOJABI U BbDKUAAHHME ONPEJEICHHOTO IPOMEXYTKAa BpEMEHHU
JUTst 00pa3oBaHMsI TUPATOB, MOCIEAYIolee OypeHHe J0OBIBAIOIINX CTBOJIOB U pa3padOTKa 3armacoB
He(PTAHOU OTOPOUKH B OE3ra30BOM PEKUME.

Eme ongna paborta, MoCBsLIEHHAsl MOJE3HOMY MCIIONb30BAHUIO Ta30TMApPATOB B IJIACTE,
npuHauiexkuT AdanackeBy u  ManbimeBy [20]. Mx Merom mnpuMeHMM B ONpeACTICHHBIX
TepMoOapuyeckux yciaoBusax: npu nasieHun Oonee 1 Mlla u temnepatype — menee 20 °C. Cytb
METO/Ia 3aKJII0YAaeTcsli B TOM, YTO 3aKauMBAaeTCs IpEecHas BOJIa B MHTEPBAJ CKBAXHUHBI, TIE C
MOMOIUIbIO T€0(U3NYECKUX NHCTPYMEHTOB ObLT OOHApYKEeH MpOpbIB ra3a. Bona 3akauuBaercs npu
TEMIIEPAType BBIIIE MJIACTOBOM C II€JIbI0 YBEIMUYEHUS IUJIOLIAJN PacpOCTPAHEHHs BOJbI B ILIacTe
06e3 mpexIeBpeMEHHOro 00pa3oBaHMs Ta30BBIX TIHMaparoB. CrHenuanbHbIM Trperomuil Kabenb
YCTaHABIMBAETCS B CKBAXXHHE B 3TO BpEMs JUIS TOTO, YTOOBI THAPATHI HE 00Pa30BBIBAIUCH B CAMOM
CTBOJIE CKBaKUHBI. [locnenyromiee 3aKpbITHE CKBaKUHBI HEOOXOIMMO /JIsl YPABHUBAHHUS IJIACTOBOM
TEMIEpaTyphbl U TEeMIIepaTyphl 3aKauMBaeMOil BOJbI. 3aTe€M CKBa)XKMHA MyCKaeTcs B HKCIUTyaTallHIo,
Y ra3 ra3oBOM IIANK{ HAYMHAET BBITECHITH BOJY M3 MMOPOBOrO MPOCTPAHCTBA, CTPEMSCH MONACTh B
ckBakuHy. OcraBinasicsi mpecHas BOJa W Ta3 B3aWMOJCUCTBYIOT, 00pa3ysi Tra3oBbIe THIPAThl B
IUTACTOBBIX YCJIOBUAX. YMEHBIIEHHE AeOuTa CKBaXKMHBI MO3BOJSET CHENaTh BBIBOA O TOM, YTO
ra3oruJapaTHbIi Oapbep yCHemHo copMupoBaics. Y IeNbHbI 00beM ra30ruApaTHRIX KPUCTAIIOB
Ha 20 % Oomplie, 4eM ynenbHbI 00beM MPEeCHON BOABL. DTOT (PaKT MO3BOJISET CIeiaTh BBHIBOI O
TOM, YTO THAPATHl IOJHOCTBIO 3aKyNOPHUBAIOT MOPOBOE MPOCTpPaHCTBO. ONTHUMANIBHBIN paguyc
rupaTHOrO Oapbepa B JaHHOM ciy4ae paBeH 10 m.

OmnpoOoBaHME TaHHOTO METOJIa BIIEPBbIC ObUIO MPOBEICHO Ha BOJOHACKHIIICHHBIX 00pa3iax

KEepHa, JUIMHA KOTOPBIX COCTaBjsIa 3 CM M MpoHUIaeMocTh Obla paBHa 0,1 M/l, ¢ ucnonb3oBanrem
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TEXHOJIOTMM BBITECHEHUsI ra3oM. llosydeHHble pe3yabTaThl CBUIETEIHCTBOBAIN O TOM, YTO Uepes
HEKOTOPOE BpeMsi ITPOU3O0IILIO PE3KOE CHUYKEHUE Ta30BOI M BOIHOM (pa30BbIX MPOHUIIAEMOCTEN, a B
JaIbHENIEM — MOJHAas OJIOKMPOBKA MOTOKa (IIIOMI0B B 00pasie Mpu U3MEHEHUHU AaBieHus a0 10
MIla.

Taxxe manHbIi MeTON OBLT ONIPOOOBaH Ha TallakaHCKOM MECTOPOXKIICHUH, PACTIONOKECHHOM
B SIkytum, B Bocrounoit Cubupwm (riactoBas temmeparypa = 12 °C, mimactoBoe naBieHue = 15
Mlla, Mmunepanm3anus miacToBoi Boasl = 415 r/m). [InacToBas Boga B mpu3aOb0MHON 30HE IIacTa
Obl1a 3aMEHEHAa Ha IPECHYIO IYTEM 3aKaukW IPECHOW BOJbI, U YEpPE3 HEKOTOPOE BpEMs IpHU
JIpEeHaXE Taza 4yepe3 MHTEPBAT MOPOIbI, HACHIIIICHHON MPECHOW BOJOW, Hadaal OO0pa30BBIBATHCS
ruapaTel. B uTore, ObUl chenaH BBIBOJA, UYTO JaHHAs TEXHOJOTHUS SBISETCS MEPCIEKTHBHOU
Oyraromapst cBoel JeneBu3He U 3PPEKTUBHOCTH.

OpHako CyLIECTBYET HE TOJBKO MOJIOKUTENIbHBIN ONBIT IPUMEHEHHUS ra3oruaparoB. Tak, B
pabote Manspenko u ap. [21], uckyccTBeHHOE 00pa30BaHHE PACIPOCTPAHEHHOTO U CTAOMIBHOTO
Oapbepa ra3oruapaToB AJis U30JSIHH Fa30HACHIIIEHHON YacTH He YAAIOCh [ MJIACTOBBIX YCIOBUN
JlsaTopckoro u ®egopOBCKOIO MECTOPOXKIEHUMN. Pe3ynbrarhl MOMBITKH 00pa3oBaHUS AaHHOTO
Oapbepa MPOAEMOHCTPUPOBATH, YTO 3(PPEKT Ta3om3oisanuu JIUTcs HEe Oonee 1-2 mecsien. B
JabHEHIIEM THIPAThl pa3pyIIAFOTCS.

OnHako [aHHBIM HETaTUBHBIM ONBIT HE MPEACTABISIETCS PENpPE3ECHTATUBHBIM, TaK Kak
JIanTopckoe u PenopoBCKOE MECTOPOXKIEHUS HE ABIAIOTCS MECTOPOXKACHUSIMH, HMEIOIIHUMU
HU3KYIO IUIaCTOBYIO TemmepaTypy. IlmactoBas Temmeparypa ux 3anexeil cocrasiser 56-68 °C.
JlanHast TemnepaTypa CIMIIKOM BbICOKA, YTOOBI CO3/1aTh MOCTOSHHOE JIaBJIEHHE ISl CTaOUIBLHOTO
CYIIECTBOBaHMs TUApaToB. OXJaXKIeHUE 3aJIeKU MOXKET OBITh JOCTHUTHYTO IMYTEM HHTEHCHUBHOTO
npeHaxa raza [22]. OxHako JaHHBIA BBIXOJ W3 CHTYAI[MH CYIIECTBYET TOJBKO B TEOPHHU, TaK Kak
NPaKTUYECKH HEBO3MOKHO CHU3UTH TIACTOBYIO TemmepaTypy Ha 50-60°C [20].

[Tooromy MeTon co3laHusi Tra3oruapaTHoro Oapbepa pEeKOMEHAYeTCS TOJIbKO JUis
MECTOPOKJCHUN C HU3KOHM IJIaCTOBOW TEMIIEpaTypoM, MO3BOJIAIONICH CO3/1aTh JAaHHBINH Oapbep U

COXPAHUTH €TO CTAOUJIBLHBIM B TCUCHHUE HCO6XO,Z[I/IM01" O IPOMCIKYTKa BPEMCHHU.

BriBosbI 110 TTOApA3IENy:

1. B cypoBbIX CeBEpHBIX YCIOBUAX MecTopokaeHuil SImana u Boctounoit Cubupu 60mbioi
npoOaeMoil mpeacTaBisieTcss 0opbda ¢ KOHycooOpa3oBaHueM. Ha naHHBIE MOMEHT camoi
NOMYJASPHOM  TEXHOJOTMEW H30JSILMU Ta3a Ta30BOW IIANKU  sBJIseTCs  OypeHue

TOPU30HTAJIBHBIX TOOBIBAIOLIMX CTBOJIOB Ha HanbosbiieM pacctossHuu oT ['HK.
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2. Heobxomumo HaiiTH MpocToe B MPUMEHEHUH, HO OJHOBPEMEHHO 3(PQPEKTUBHOE CPEACTBO
pelieHust AaHHOW mnpoOsieMoil. TakuM cpelncTBOM, Ha B3IV aBTOpa JJaHHOM paloTsl,
ABJISIETCA CO3JIaHME HEIPOHMIIAEMOI0 Ta3orupaTHoro d6apbepa Ha yposHe 'HK.

3. AHanu3 ONMCaHHBIX B JIMTEPATYPHBIX MCTOYHMKAX TEXHOJIOTHH IMOKa3aJ, YTO Ha JAHHBIHA
MOMEHT CYHIECTBYET OYEHb OTPAHUYEHHBIN OIBIT NOJE3HOIO UCIIOJIb30BAHUS T'a30TUAPATOB
JUI U30JIALUH, TPEOYIOIMHA JOIOIHUTENbHBIX UCCIEI0OBAHUN U TOPaOOTKH.

4. Metoj co3aHus ra3oryuApaTHOro 0apbepa PeKOMEHAYETCS TOJBKO JJIsl MECTOPOXKAECHUH C
HU3KOH IJIaCTOBOM TeMIIEpaTypoi, MO3BOJIAIONICH CO3/1aTh JaHHBIA Oapbep U COXPAHUTH €T0

CTaOMILHBIM B TCUCHUE HCO6XOIII/IMOFO IMPOMCIKYTKAa BPpCMCHU.

2.4. OOmmue cBeIeHUN 0 ra30BbIX I'HApPaTax

l'azoBbie  kiaTparbl (IMIMPOKO M3BECTHBIC KAk THIPATBhI) MPEICTABISIOT  COOOH
KPUCTALTMYECKHE JIBIO0MOI00HBIC COCTUHEHHS, BOSHUKAIONINE B pe3ybTaTe (POPMHUPOBAHUS BOION
KJICTKOOOPa3HBIX CTPYKTYpP BOKPYr 0OJiee MEIKHX TOCTeBBIX MOJeKy:d1 raza [23]. CrocoOHOCTH
BOJIBI O00Opa30BBIBaTh TUAPATH OOYCIAaBIMBAETCS HAIWYHEM BOJOPOJHOW cBsizu. [laHHas cBS3b
BBICTpAaUBaeT MOJIEKYJBl BOJIBI B OINpEAENEHHBIX HampaBleHusx. Kpome Toro, B MPHUCYTCTBUU
OMpPECaACIICHHBIX COC]II/IHCHHf/i, BBICTPOCHHBLIC MOJICKYJIbL BObI CTa6I/IJ'II/ISI/Ipy10TC$I u,
COOTBETCTBEHHO, 00pa3yeTcsi TBEP/bI pacTBOP.

Mornekynbsl  BOJBI HOCAT HAa3BaHME  «MOJIEKYIbI-X03i€Ba», B TO BpeMs Kak
CTaOUIU3UPYIOIUE Ta30THAPATHl COSAMHEHMS] OTHOCATCA K «MOJIEKyIaM-TOCTsM». Kpucramisl
THUAPATOB TMPEACTaBISAIOT CO0OM TpexXxMepHbIE CJIOXKHBIE CTPYKTYpbhl, B TMpeAenax KOTOpPbIX
MOJIEKYJIBI BOJBI (DOPMHUPYIOT KapKac, a TOCTEBBIC MOJICKYJIBI 3aKIIOYCHBI B IpejesiaXx 3TOro
kKapkaca. Takas craOwim3anus, TOJTYJYCHHAss B pe3yJIbTaTe MPHUCYTCTBUS TOCTEBBIX MOJICKYII,
MPEMOJIOKUTEIHFHO KOHTpoupyeTcs: Ban-nep-BaanscoBeiMu criamu.

Eme omuuM wuHTEpecHBIM (aKTOM O Ta30BBIX TUApATaX SBIAETCS TO, YTO MEXKAY
MOJICKYJIaMH-X034€BaMU W MOJICKYJIaMU-TOCTAMHU HC CYHIECTBYET HHUKAKUX XHWUMHUYCCKHUX H
¢u3mdecknx cBs3eil. Takum 00pa3oM, MOJEKYJIBI-TOCTH CIOCOOHBI CBOOOJHO BpamIaThCs B
mpenenax Kapkaca, CO3JaHHOTO MOJEKylaMd BOJABL. Bce BbIIIEyNOMSHYTbIe (aKThI MO3BOJISIOT
YTBEPkKAATh, YTO THIPATHI MPEJCTABISIOT COOOH TBEPIBIA pacTBOpP.

CymectByeT 3 00s3aTeIbHBIX YCIOBUS ISl 00pa30BaHuUs THIPATOB:
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OnpeneneHHble TepMoOapuyeckue ycioBus. [uaparel o0pa3yloTcss Tpu  HU3KHUX

TEMIIepaTypax M BBICOKHX MJaBICHHSX. TOYHBIE 3HAYCHHUS [ABJICHUS U TEMIIEPATyphI
HaNpsIMyl0 3aBHCAT OT COCTaBa THApaTooOpaszoBarens (B CIy4ae MECTOPOXKACHHUS —
OpuUpomHOro ra3a). Takke TOUHBIC 3HAYCHHE TEMIIEPAaTyphl JOJDKHO OBITh OoJbIne
Temneparypsl 3amep3anus Bojsl (0 °C).

Hanpuame l"I/II[]f)aTOO6D330BaTeJ'IH. I[J'IH mpuMeEpa, ra3oBbeI€ ruapaTtbl, paClIpOCTPpaHCHHEIC B

ra30BOi MPOMBIIIJICHHOCTH, MTPEACTABISAIOT COOOH COCTUHEHUS MOJICKYJT BOJBI M MOJICKYJI-
rHIpaTooOpa3oBaTescii: MeTaHa, 3TaHa, MpoOINaHa, H-OyTaHa, W300yTaHa, TUOKCHIA
yriepoja, a30Ta U CepoBOI0pOIa.

Hampune J0CTAaTOYHOI'O KOJIMYCCTBA BOABI.

YckopeHue nporuecca ruipaToo0pa3oBaHusl MOKET ObITh BBI3BAHO:

TypOyneHTHOCTBIO TOTOKA (OOJIBIION CKOPOCTHIO U CHIIBHBIM IEPEMEIINBAHUEM ).
OO6pa3oBaHreM LEHTPOB KPUCTAIN3AIUY THAPATOB (MECTO, B KOTOPBIX JIETKO MPOUCXOTUT
M3MEHEHHE arperaTHOro COCTOSIHUS BEIIeCTBa — M3 JKUIKOro B TBepaoe). B Tpybax —
CBapHBIC 1IBBI, COCIMHUTEILHBIC YaCTH U TaK J1ajiee.

Hanmuuuem cBo6oaHOM Bobl. Ee mpuCyTCTBUE B H30BITOUHOM KOJIUYECTBE TAKKE YCKOPSIET

HPOILIECC THAPATOOOPA30BAHMUSL.

CymecTByeT 1Ba pa3IWYHbIX PAaCIpPOCTPAHEHHBIX THUINA CTPYKTYp THJIPaToOB, KOTOpPbIE

obo3nauarorcst kak Tunm | m Tun Il mmm Crpykrypa | m Crpykrypa Il (Tabmuma 2.1). OGe

CTPYKTYPBI BKJIHOYAKOT OMPECACICHHOC KOJINYECTBO HOJ'IOCTGI‘/’I, O6pa30BaHHBIX MOJICKYJIaMH BO/JHbI,

OOJIBIIIOTO M MAJICHbKOT'O pasMmepa. Tonpko MOJICKYJIBI-TOCTH C onpeﬂeneHHoﬁ FCOMCTpHeﬁ n

pa3MepoM CIOCOOHBI 3aMONHATh ATH MOJOCTU. TpeTuil THI CTPYKTYphl TuapaToB — Tull H — Takxke

MOXeT OBbITh BCTPEUEH, HO 3HaUnTeNIbHO pexke (Pucynok 2.30) [24].
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Tabnuua 2.1. CpaBHUTENBHBIE XapaKTEPUCTUKU CTPYKTYp ruaparoB | u |l tunos

Tun I Tun IT

KoHecTB0 MOJIEKYI B0IBI 16 136
B OTHOI AIeiike PelIeTKH
KommgecTro momocteil B omHOH
selike peleTKH:
MAJIBIX

(S8

16

GOIBIIHX 6 8

TeopeTHueckad (oprmyIa
AIeHKH

[IPH 3aI0JIHEHHH BCEX X- 5% H.O X- 5% H.0
monocTel 42 3?2

MOJIAPHAA IO
THAPaTOO0PAa3yIOMIETo 0,1481 0,1500
BEINECTRA

TIPH 3aII0THEHHH TOIBKO X- 7% H,0 X-17 H,0
GOIBIIHX TOI0CTeH 3

MOJIAPHAA IO
THAPaTOOOpa3yIoIIero 0,1154 0,0556
BEINECTRA

Juametp momocti, A

Maoi 7.9 7.8

GoIBIIOH 8.6 9.5

O0BeM oTHON AYeHKH 1728 -10~27 5178 -10-27

Kapkaca, i’ ’ ’
IIpumepr1

THAPATO0OPAIYIO MIHX CHs, CoHs, HaS, CO2 CsHg, u20-C4Hip, N2

BelllecTE

*X — MOTeKyIIEI THIPATO06Pa3yIOIIETO BelleCcTRa.

Methane, ethane,
‘ , 6 carbon dioxide....
Water molecule ‘cage —

Propane, iso-butane,
natural gas....

Gas molecule

(e.g. methane) 2 @ 1
OB

435663

Methane + neohexane,
methane + cycloheptane....

Structure H

Pucynok 2.30. CTpyKTypBI THIPATOB
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BriBoabI 110 IOApa3aeny:

1. B oOmiem cirydae, CKOIUICHUS THPATOB MPEICTABISIOT COO0H Cephe3HyI0 Mpodiiemy,
3aKyInopuBasi TpyOONPOBOJIbI U TEM CaMbIM CIIOCOOCTBYSI MOPBIBaM TPYOONPOBOIOB
U ApyruM OoJiee cepbe3HbIM aBapHsIM.

2. OnmHako B JJaHHOM CJIy4ae, TUAPATHI MPEICTABISIIOT COOOW TOJE3HbI WHCTPYMEHT
JUIE  KOHTpoJiE 00pa3oBaHMsA KOHyca ra3a, 3aKylHopHBas IOpPBl IOPOBOTO
MIPOCTPAHCTBA MOPOJIBI.

3. Ilpupoansiii ra3 o6sraHO 0Opa3yet ruapats |l Tuma.

2.5.  BbIBoabI 0 pa3aeay

Ha mecropoxxaeHusix ¢ HepTAHON OTOPOYKOM M ra30BOMl IIANKOW CYIIECTBYET Mpoliema
00prOBI C KOHYCOOOpa3oBaHHEM BOAbI U Ta3a. OJHAKO Ta30BbIe KOHYCHI BCTPEYAIOTCS
ropaszio yaite.

JlutepatypHblii 0630p MoOKa3all, YTO Ha JaHHBII MOMEHT OOJBIIMHCTBO METOJI0B OOPHOBI €
KOHYycOOOpa30oBaHHEM Ta3a CYIIECTBYIOT JHIIb B TEOPUM, MPOMBICIOBBI OMNBIT OYEHb
orpaHuyeH. IlepcrieKTUBHBIM MpPEICTAaBIsAETCS HCHOIb30BAHUE >KUIKOCTHBIX OapbepHbIX
TexHojoruil Ha yposHe ['HK.

["a3oHedTaHbIE 3alIeXkH, KaK U BCE MPUPOAHBIE OOBEKTHI, Pa3IUYAIOTCS MO T'€0JI0rHYEeCKUM
YCIOBHUSAM M CTPOCHHIO, XapaKTEPUCTUKAM KOJUIEKTOPOB, CBOMCTBAM IUIACTOBBIX (IIFOUIOB
u T.11. lcxoast U3 3TOro, HEBO3MOKHO CO3/1aTh YHUBEPCAIBHBIE TEXHOJIOTHH M COCTABBI JUIS
peanu3anuy OJHMX M TeX K€ *KHUIKOCTHBIX 0aphepoB Ha pa3HbIX IjacTax. MccnenoBanus,
00opy0BaHuUE JUIS 3aKauKH, HEOOXOMMbIE MaTepUalbl TPeOYyIOT JOPOrOCTOSIINX 3aTpar.
VenoBust fImana m Boctounoit Cubupu CypoBbI, ra3oHEe(TSHBIE MECTOPOXKIACHHS YaCTO
XapaKTEepU3yITCsl HU3KOW IacToBod TemmepaTrypoil (Hampumep, HI'KM JI). B nanHbIX
YCIOBUAX TPEACTABIAETCS NMEPCIEeKTUBHBIM i O0pbOBl C 0Opa3oBaHHMEM KOHyca Tasa
co3JaHue ra3oruapaTHeix 6apbepoB Ha ['HK.

CymiecTByeT OY€Hb OrpPaHUYEHHBIM OINBIT TPUMEHEHUS TIa3oruApaToB s LEeJel
ra3ou30JIsIIUY, B JaHHOM  pabore OyaeT moapoOHO paccMOTpeHa WAesl CO3IaHUs

ra3oruapaTHOTO Oaphepa.
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3.

ANALYTICAL CALCULATIONS

3.1. Evaluation of hydrate stable existence conditions for certain natural gas composition

The main problem during the designing of processes that involve hydrates is to predict the

conditions of temperature and pressure at which there will occur hydrates formation.

Hand calculation methods are suitable for hydrate formation and existence conditions rapid

estimation but they are frequently not highly accurate. Besides, the problem of estimating the

hydrate formation conditions is too difficult in the presence of liquid hydrocarbons for calculations

by hand [24]. That is why, calculation of the hydrate formation conditions was made in two ways:

using software package CSMHYD (Colorado School of Mines in Golden, Colorado) and by several

hand calculation methods.

Table 3.1. Input data

Input data
Natural gas composition
Component | CH; | CoHg | CsHg | iC4Hy | NC4Hyo | iICsHy, | NCsHy, | CeHyy | CO, N, H, He
V; % 06 85.58 | 4.25 | 1.47 0.18 0.42 0.09 0.1 0.06 | 003 | 7.36 | 0.04 | 04
Natural gas density py, kg/m® 0.768
Natural gas specific gravity (relative density) yg, u.f. 0.637
Formation temperature T, °C 9

3.1.1. Gas Gravity Method

This method was proposed by Professor Katz and his colleagues in the 1940. It is a simple

method involving only a single graph of P vs T with the natural gas specific gravity as a third
constituent (Fig. 3.1).
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Figure 3.1. Hydrate locus for sweet natural gas [24]

Here, as it can be seen hydrate formation pressure is equal Ppiorm=2.7 MPa=27 atm.
Consequently, this pressure is the minimum pressure at which (under the condition that temperature
is equal 9°C and gas specific gravity is equal to 0.637 u.f.) hydrates may exist.

The main drawback of this method is that it accounts only for the relative density of natural

gas and does not take into consideration composition of natural gas.

3.1.2. Skhaliakho and Makogon Method

This method describes gas hydrate formation conditions in the form of following formula:
lgP = B + 0.0497(t + k - t?) (3.1.2.1)
where P — pressure, atm; t — temperature, °C; k and 3 — parameters that are related to specific gas

gravity.

Table 3.2. k and B parameters [44]

P k p
0,60 0,0050 1.00
65 0,
0.70 0.0075 0.52
0,75 0,0087 0.76
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IgP = 0.9 + 0.0497(9 + 0.006 - 9%)
lgP =137
thorm =23.2atm

Drawback of this method is the same as in previous technique.

3.1.3. Ponomarev Method

This method is also empirical and is described by the relationship:
lgP = 2.0055 + 0.0541(B + T — 273.1),T > 273.1K
lgP = 2.0055 + 0.0171(B; — T + 273.1,T > 273.1K

where P — pressure, kPa, T — temperature, K.

Empirical parameters of B and B; related to € — gas reduced density:

:Zgi')/i
> 9i

)

(3.1.3.1)
(3.1.3.2)

(3.1.3.3)

where v; — relative density of i-component of gas that is able to form hydrate; gi — mole fraction of i-

component of gas that is able to form hydrate.

Table 3.3. V; and p; parameters

Component CH,; | CoHg CsHsg iC4H10 nC4H1g iC5H12 NnCsHq, | CsHis | CO2 | Ny H, He
Vi %006 |8558 | 4.25 1.47 0.18 0.42 0.09 0.1 0.06 [ 0.03|7.360.04| 04
Pi, kg/m3 0.656 | 1.356 | 2.0037 | 2.51 2.703 3.22 3.457 | 3.845 (198 |1.25|0.09 | 0.18

g =2 (3.13.4)
Pair
Table 3.4. g; calculation results

Component CH4 C2H6 C3H8 iC4H10 nC4H10 iC5H12 nC5H12 C6H14 CO», N, H, He

0i,u.f. 0544 | 1.125| 1.662 | 2.082 | 2.242 | 2.671 2.87 3.19 164|104 | - -

e =0.64
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Table 3.5. € and B, B; parameters [44]

€ B B, £ B B, > B B,
0,56 | 24,25 | 77,4 | 0,71 | 13,85 | 439 | 0,86 | 12,07 | 37,06
0,57 | 21,80 | 702 | 0,72 | 13,72 | 43,4 | 087 | 11,97 | 37,2
0,58 | 20,00 | 642 | 0,73 | 13,57 | 42,9 | 0,88 | 11,87 | 36,8
0,59 | 18,53 | 59,5 | 0,74 | 13,44 | 424 | 089 | 11,77 | 36,5
0,60 | 16,67 | 56,1 0,75 | 13,32 | 42,0 | 0,90 | 11,66 | 36,2
0,61 | 17,00 | 53,6 | 0,76 | 13,20 | 41,6 | 091 | 11,57 | 35,8
062 | 16,45 | 51,6 | 0,77 | 13,08 | 41,2 | 0,92 | 11,47 | 354
0.63 | 1593 | 500 | 0,78 | 12,97 | 40,7 | 0,93 | 11,37 | 35,1
0,64 | 1547 | 486 | 0,79 | 12,85 | 40,3 | 0,94 | 11,27 | 34,8
0,65 | 15,07 | 47,6 | 0,80 | 12,74 | 39,9 | 0,95 | 11,17 | 34,5
0,66 | 14,76 | 46,9 | 0,81 | 12,62 | 39,5 | 096 | 11,10 | 34,2
0,67 | 14,51 | 46,2 | 0,82 | 12,50 | 39,1 0,97 | 11,00 | 33,9
068 | 1434 [ 456 | 0,83 | 12,40 | 38,7 | 0,98 | 10,92 | 33,6
0,69 | 14,16 | 450 | 0,84 | 12,28 | 383 | 0,99 | 10,85 | 33,3
0,70 | 14,00 | 44,0 | 0,85 | 12,18 | 37,9 1,00 | 10,77 | 33,1

lgP = 2.0055 + 0.0541(15.47 + 282.1 — 273.1) = 3.33
Phform = 2134.652 kPa = 21.07 atm

3.14. CSMHYD

CSMHYD is a special computer program that is able to predict not only hydrate formation
conditions (P and T) but also the hydrate Type (I or 1) basing on certain natural gas composition.

The results of calculations are presented at Fig.3.2:

-
DOSBox 0.72, Cpu Cycles: 3000, Frameskip 0, Program: CSMHYD =g

Temperature : 282.15 K
Equilibrium PRESSURE : 29.65 atm

Press RETURN to Continue . . .

Equilibrium Hydrate :] STRUCTURE II
Composition of Phases at Equilibrium

FEED LIQUID
.8558 .8558
.0427 .0427
.0148 .0148

Methane

Ethane

Propane
i-Butane
n-Butane
Nitrogen
Carbon Dioxide
Isopentane
n-Pentane
n-Hexane

lolollololloNolloNoNoRol
lolollololloNoloNoNoRo)
lolollololloNoloNoloRol

Press RETURN to Continue . . .

Figure 3.2. CSMHYD calculation results
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As a conclusion, the following Tab. 3.6 represents the results of hand and computer
calculations. Although, the difference is not so great in terms of formation and bottomhole
temperature values, anyway, it exists. Thus, in the following chapters, CSMHYD calculation results

will be taken as a base [25].

3.1.5. Results

Table 3.6. Overall results

Method Temperature, °C Hydrate formation pressure Phgorm, atm
Gas Gravity 27
Skhaliakho and Makogon 23.2
Ponomarev ° 21.07
CSMHYD 29.65

3.2.  Critical rate estimation

Except the stable conditions of hydrate formation and existence it is necessary to evaluate
the producer performance in the presence of the barrier. This evaluation can be made by analytical
comparison of the critical rates in without barrier and with it [26].

In the field D case, large gas cap exists over the oil-saturated part of oil rim. This fact is
proved by fluid sampling and well-logging interpretation results. Thus, it can be considered that gas
coning phenomenon may be observed later during production. The coning considerably limits oil
production and make profitable production of oil rim oil is particularly questionable.

Such problem has been, therefore, studied previously both in laboratories and on fields.
However, it is clear that field results are difficult to interpret due to uncertainties in bottomhole
conditions of wells, cement jobs results, reservoir heterogeneity, etc. Moreover, it is hard in practice
to vary completion conditions. In laboratories, the presence of 2 phases is also problematic to
simulate.

On the other hand, due to involvement of a great number of parameters, hand theoretical
calculations are difficult to achieve without drastic simplifications assumption. That is why a lot of

existent theoretical models are too partial, inconclusive and approximate to be reliable. Some of
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them do not take into account reservoir anisotropy, some — flow curvature near the wellbore

because of partial perforation of well, some — the perforation interval length and its location, etc.

3.2.1. Vertical Producers

One of the first works published on the phenomena of coning was by Wyskoff and Muskat.
Their technique involves Laplace’s equation solution for single phase, steady-state and
incompressible flow that is the basis of approximate solution of the critical flow rate in isotropic
formations presented by them [27]. Muskat and Wyskoff method was simplified by other
researchers — Meyer and Garder[28] for radial flow while Chierici et al [29] and Chaney et al [30]
applied potentiometric model approach to receive the value of critical flow rate. Schols [31] found
an empirical critical rate expression from conducted on Hele-Shaw models experiments. Schols
method can be applied to both water and gas coning; however, only when water or gas coning exists
separately.

Also, Wheatley [32] presented an approximate theory for estimation of critical oil rate in
reservoirs with anisotropy considering an OWC interface as a streamline. Then, in the same way,
Chaperon [33] derived an expression of a critical rate in anisotropic reservoirs in a closed system
and proved that if the vertical permeability value decreases, the value of critical rate slightly
increases and the critical cone elevation changes insignificantly.

Then analytical and numerical method was proposed by Hoyland et al [34] for critical rate
prediction in the case of water coning in homogeneous anisotropic formations. Here, the basis for
analytical solution composes an assumption that wellbore is infinitely conductive. The results of
Hoyland et al work were presented in the form of dimensionless critical rate vs dimensionless
radius graphic graph, as a function of partial penetration of the well for isotropic and anisotropic
reservoirs.

Addington [35] derived generalized critical rate and post-breakthrough GOR correlations
basing on the Prudhoe Bay simulation study. Then Sobocinski and Cornelius [36] developed
correlation for water cone rise prediction in no-gas cap incompressible homogeneous system. Other

references 37-43 also represent different results of coning study for vertical wells.

56



3.2.1. Technology

Firstly, vertical producers were considered. In the case of vertical well the first step is

drilling of the vertical well and perforating of it some distance above GOC level. The second step is
lowering of heating unit through the well for the purpose of hydrate formation prevention in the
wellbore during the injection of water if occasionally gas from gas cap enters the wellbore. The
third step is injection of certain volume of fresh water at the temperature above the hydrate
formation temperature in order to increase the area of water distribution in reservoir without
premature hydrates formation. Subsequent well shutoff is necessary for injected water and reservoir
temperature equalization. Then the well is brought into production and gas cap gas enters the well
starting to displace water from pore space. Residual fresh water and gas interaction activates
hydrate formation under reservoir conditions. Decrease of the gas rate indicates the hydrate barrier
formation [37]. Hydrate crystals specific volume is twenty percent larger than water specific
volume allowing hydrates to plug all the pore space. Afterwards, existent perforations are plugged
and new perforations are made below, in oil-saturated part. Then the well can be brought into

permanent productions of the oil rim reserves (Fig. 3.3).

GAS CAP GAS CAP
=) fresh water %
TT GOC hydrate barrier GOC
- g oil
OIL RIM OIL RIM Tl

Figure 3.3. Hydrate barrier creation technology in vertical well

3.2.1.2. Critical rate without barrier

Estimation of the critical rate without barrier was made applying seven theoretical models of
Meyer-Garder, Chierici-Ciucci, Hoyland et al, Chaney et al, Chaperon, Schols [45] and modified
method of Muskat that includes skin for partial penetration by Brons and Marting [46].
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Trying to find the most accurate model, the last approach was taken as a basis because it
accounts for reservoir anisotropy and flow curvature near the wellbore due to partial perforation of

well. However, all the calculations are presented below.

Table 3.7. Input data

Input data
Oil density po, g/cc 0.83
Water density pw, g/cC 1.249
Gas density pg, g/cC 0.000768
Oil column thickness h, ft 53.8
Perforated interval hy, ft 6.56
Oil formation volume factor B,, RB/STB 1.119
Wellbore radius ry, ft 0.246
Drainage radius re, ft 656.17
Absolute permeability k,, mD 899.1
Oil phase permeability k,, mD 584.415
Oil viscosity, Lo, CP 10.6
Anisotropy, ky/kp 0.01

Meyer-Garder Method

Meyer and Garder suggest that coning development is a result of the radial flow of the oil
and associated pressure sink around the wellbore. In their derivations, Meyer and Garder assume a
homogeneous system with a uniform permeability throughout the reservoir, i.e., ky = k, . It should
be pointed out that the ratio ky/k, is the most critical term in evaluating and solving the coning
problem.

Consider the schematic illustration of the gas-coning problem shown in Figure 3.4.
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Figure 3.4. Gas coning
Meyer and Garder correlated the critical oil rate required to achieve a stable gas cone with
the following well penetration and fluid parameters:

o difference in the oil and gas density;
e depth Dt from the original gas-oil contact to the top of the perforations;

e the oil column thickness h.
The well perforated interval hy, in a gas-oil system, is essentially defined as:
h, =h — D, (3.2.1.2.1)

Meyer and Garder propose the following expression for determining the oil critical flow rate in a

gas-oil system:

_a1Po pg ko

= . 4 2 _ — 2

Gcg = 0.246 - 10 — (uoBo> [h2 = (h — D,)?] (3.2.1.2.2)
T

where
Qcg — Critical oil rate, STB/day;
Pgs» Po — density of gas and oil, respectively, Ib/ft;
ko — effective oil permeability, md;
re, rw — drainage and wellbore radius, respectively, ft;
h — oil column thickness, ft;
D: — distance from the gas-oil contact to the top of the perforations, ft.

Thus, inserting the values into the expression (3.2.1.2.2):
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0.83-62.428 — 0.000768 - 62.428 ( 584.415

In 656.17 10.6-1.119
0.246

= 22.68 STB/day

Gcg = 0.246 - 10~* > [53.8% — (53.8 — 47.24)?]

tones

22 68STB 0.159 =2.99
. : Po = 2. day

day

Chierici-Ciucci Method

Chierici and Ciucci used a potentiometric model to predict the coning behavior in vertical
oil wells. The results of their work are presented in dimensionless graphs that take into account the
vertical and horizontal permeability. The authors introduced three dimensionless parameters that
can be determined from a graphical correlation to determine the critical flow rates [38].

The first dimensionless parameter that the authors used to correlate results of potentiometric

model is called the effective dimensionless radius and is defined by:

r, |k
< |2 (3.2.1.2.3)

pe = 6.567/0.01 = 10
where
h, — perforated interval, ft;
ro — drainage radius, ft;
kv, kn — vertical and horizontal permeability, respectively.
The second dimensionless parameter that the authors used in developing their correlation is
termed the dimensionless perforated length and is defined by:

hp
£= (3.2.1.2.4)
£= @ =0.12
53.8 '
The authors introduced the dimensionless gas cone ratio as defined by the following
relationship:
8y = D¢/h (3.2.1.2.5)
where

D is the distance from the original GOC to the top of perforations, ft.
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D, 4724
9 h 538
Chierici and coauthors proposed that gas-oil contact is stable only if the oil production rate

of the well is not higher than the following:

hz (po - pg)

Qoo = 0.246-107% -
9 B,y

Ko Gpe (3.2.1.2.6)

where
Ap — density difference (Ib/ft%);
B, — average oil formation volume factor (FVF);
Lo — average oil viscosity (cp);
ko — oil permeability (md);
goc — dimensionless critical producing rate;
h — pay thickness (ft);
qc Is given in STB/day.
The authors provided a set of working graphs for determining the dimensionless function gp¢

from the calculated dimensionless parameters rpe, €, and .

0.200
[— 5=0.90 . rﬁe=1 0
8
b 0 ___|o70
— __._——‘""—"“ 0.60 W
P———— | | — |
] r____‘_\- — 050 0.100
e ——1 | =] 7
0.40 0.080
| o
:-< >< ><,_-— 035
0.060
///;>>< >< 0.30
./ — —
— ————
— |
0.040
- ></’ Apog /proz1 0.50 0.25
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5-020 ] I— 0.020
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| 0AD ><
// /
A0 0.010
- L— o _
0.008
1
o8 0.006
1
0 0.1 0.2 0.3 0.4 0.5 £ 0.6 0.7

Figure 3.5. Dimensionless critical rate chart for rpe=10
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From the plot:
ch = 0.15
Thus,

53.82(0.83 - 62.428 — 0.000768 - 62.428)

= 0.246-10*-
Geg 1119 -10.6

584.415 - 0.15 = 27.2 STB/day

tones

27ZSTB 0.159 =3.6
“day Po =25 gay

Hoyland et al Method

Hoyland, Papatzacos, and Skjaeveland presented two methods for predicting critical oil rate for
coning in anisotropic, homogeneous formations. The first method is an analytical solution, and the
second is a numerical solution to the coning problem.
The Analytical Solution Method
Using the expressions from previous method (3.2.1.2.3; 3.2.1.2.4):
T'De = 10

e=0.12

Critical Rate Correlation

Fraction
Well
Penetration

r =.048 |
\ =.238
=476

1o I— -

\ =714 ]

Dimensionless Critical Rate

102 . P B | N . PR . IS S

Dimensionless Radius

Figure 3.6. Critical rate correlation
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qep = 0.21
Then, applying formula (3.2.1.2.6), obtain:

53.8%(0.83 - 62.428 — 0.000768 - 62.428)
1.119-10.6

Gcg = 0.246 - 107%- 584.415-0.21 = 38.1 STB/day

tones
day

3815TB 0.159 =5
" day Po =

The Numerical Solution Method

T'De = 10

Table 3.8. qcp Vs hp relationship

0cp1(0.905) 0.025 Mot 0.905
Qcp2(0.714) 0.09 hp2 0.714
0cp3(0.476) 0.18 hp3 0.476
Jcos5(0.048) 0.23 Nps 0.048

1 T T T T T T T T T 1
[¢B)
©
04
©
=
O
@ 0.1 -
[¢5)
=
2
(7]
S
£
a)

0.01 -

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fractional Well Penetration

Figure 3.7. Plot gcp Vs hy

Gep = 0.22
—ooug. 1ot 5387083 62.428 — 0000768 62428) L
Qeg = © 1119-106 ' L= /day
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tones
day

40 STB 0.159 = 5.27
day Po = -

Chaney et al Method

Chaney et al developed a set of working curves for determining oil critical flow rate. The
authors proposed a set of working graphs that were generated by using a potentiometric analyzer

study and applying the water coning mathematical theory as developed by Muskat-Wyckoff [39].

Qcurve = 570
k —
Geg = 0.2676 - 107 l%l Quuroe (3.2.1.2.7)
0~0

584.415(0.83 - 62.428 — 0.000768 - 62.428)
1.119-10.6

Geg = 0.2676-107* l 570 = 38.22 STB/day

tones

38.22 °T8 0.159 = 5.043
: : Po = 5. day

day
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Figure 3.8. Critical production rate curves

Chaperon Method

Chaperon proposed a simple relationship to estimate the critical rate of a vertical well in an
anisotropic formation. The relationship accounts for the distance between the production well and
boundary [40].

2
ko(h—hy)

qcg = 0.0783-107* [—

Apqg? 3.2.1.2.8
B, Pqc ( )
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1.943

g L 3.2.1.2.10
a—(hp)kh (3.2.1.2.10)

. (656.168

a’ = 556 )\/0.01=10

* = 0.7311 + (1'943> =0.92
qc = 0. o) =0

584.415(53.8 — 6.56)2
1.119-10.6

qcg = 0.0783 - 107* [ l (0.83-62.428 — 0.000768 - 62.428) - 0.92

= 41.24 STB/day

tones

STB
4124 =——-0.159 - p, = 5.44

day day

Schols Method

Schols developed an empirical equation based on results obtained from numerical simulator
and laboratory experiments. His critical rate equation has the following form:

ko(h = hy,)°

e, = 0.0783 - 10~*
“d 1oBo

Ap

T . h
-[0.432 + 3.142/In(—)](—)*1* (3.2.1.2.11)
TW re

584.415(53.8 — 6.56)2

_ . -4 . _ . .
g = 0.0783- 10 l(0.83 62.428 — 0.000768 - 62.428) 106 1119 [0.432
+3.142/1 056.17,, 538 014 _ 33.3STB/d
A42/InCGore N Gse17) = 3% /day

tones

333STB 0.159 =4.4
“day Po = %% "day
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Muskat Method

This method is based on relatively simple hydrostatic considerations and critical coning rate

here is the rate of oil production at which the gas cone rises to a point just above the nearest

perforations but stabilizes and no gas is produced (Fig. 3.9) [41].

GAS HYDROSTATIC EQUILIBRIUM

P, P,9Nap

pe- poghap

®

hy

w‘pw

pe'

Figure 3.9. Gas Hydrostatic Equilibrium

For the case of single gas coning,

Pw — pgghap =De — poghap

Pe — Pw = (Po — pg)ghap
and critical rate in the case of single gas coning will be equal to:

Zﬂkoh(pe - pw)
T,
Boﬂo (lnr_e + Spp)
w

Qcg =

consequently,
_ 21koh(po — pg)ghap
- T
By, (In r—e + Spp)
w

Acg

(3.2.1.2.12)

(3.2.1.2.13)

(3.2.1.2.14)

However, to delay gas coning maximally, it is necessary to find primarily the location of

optimum perforation. In the case of field D with inactive aquifer, the perforation should be located

at the bottom of oil-saturated part for the purpose of maximum breakthrough time [25, 26].

The next step is to estimate Sp, — Brons and Marting pseudo-skin for partial penetration

which is the function of b = }:l—” and hp =k, /kn, f—; (hs is illustrated at the Fig.3.10).
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Figure 3.10. hs variations

== 7 == m == 012
hy = h = 53.8 ft
hy 53.8
=/ = =001 —— = 21.
ho = o/ n Ty 001" 5292 ?

Then, the value of Sy, from the plot can be found:

30

25

5

e

0 01 02 03 04 05 06 07 08
b

h
b= ﬁp Penetration ratio

Figure. 3.11. Pseudo-skin due to partial penetration
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Spp =7
Consequently, water and gas free oil critical rate can be estimated using formulae
(3.2.1.2.14):

_ 27Tkoh(po B pg)ghap
Qcg = T,
Bo.uo(lnr_ + Spp)
w

_2:3.14-584.415- 1071%-53.8-0.3048 - (0.83 - 1000 — 0.000768 - 1000) - 32.174 - 0.3048 - 53.8 - 0.3048
B 656.17 - 0.3048

. . -3
1119106 10~ (In"5oie 05028 + 7)
m3 m3
= 0.00004 — = 3.45—
sec day
Converting m® to tones:
tones

Qeg = 246 - p, = 2.46 - 0.83 = 2.86

day

The results of other estimations are presented in the Table 3.9.

Table 3.9.Critical rates

Method Meyer and Ch.lenc.l- Hoyland | Chaney et Chaperon | Schols Muskat
Garder Ciucci et al al
Critical rate, |, 49 36 | 5 |527| 504 5.44 4.4 2.86
t/day

3.2.1.3. Critical rate in presence of barrier

It is necessary to know what increase in production rate will be in the presence of barrier for
the purpose of comprehension of barrier installation profitability [42]. The barrier size must be a
reservoir rock properties and wellbore constants function. Thus, an expression that ties all these
functional dependence together is the equation of critical coning rate. Thus, analysis leading to
selection of the barrier size starts with critical rate equation generalization. So, Muskat critical rate

equation may be written as:

Co
=2 (3.2.1.3.1)

qu 7.
In i + Spp

where
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C. = 27Tkoh()00 - pg)ghap
° B, ko
When a barrier of radius r, has been formed at the GOC level, the applicable equation for

(3.2.1.3.2)

new critical rate estimation becomes:
Qeg’ = # (3.2.1.3.3)
In i + Spp
Obviously, gcy” must be greater than or equal to qcg Or else the idea of barrier creation will be
useless. By the same arguments, In(re/rw)+Sp, must be greater than In(re/rp)+Spp. S0, In(re/rw)+Spp
equals to In(re/rw)+Spp if and only some constant (y+Spp) is substracted from it. Applying this

knowledge, expression g¢;’ may be rewritten:

Co _ Co
(ne+S, )—(y+5S,,) (ne—y)
T, T orp Y T opp r, YV

!

Qeg =

(3.2.1.3.4)

Thus, the comparison of equations 3.2.1.3.3 and 3.2.1.3.4 gives after simplification:
1 = nrye’ (3.2.1.3.5)
To restrict the barrier radius, it is obvious that the maximum value of y should be such that

the equation 3.2.1.3.4 denominator remains be positive. To achieve that:

Te
Ymax = lnr— (3.2.1.3.6)

w

Thus,

_ 65617
Vmax = M550 =

Then, critical rates under different barrier radius conditions were estimated (Tab. 3.10) and the plot

of barrier radius vs new critical rate was constructed (Fig. 3.12).
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Table 3.10. Critical rates in presence of barrier

QOCI1 QOC'!

e'=ry/r ry=ry-€’, ft ry, Mm | In(re/rp+S In(re/rw+Spp)/IN(re/ry+S

A N ° (1M Spo) | - InCrelTurt Spo)fIn(re/TtSp) STB/day | t/day

1 0.246 0.075 7.89 1 21.686 | 2.862
2.718 0.669 0.204 6.902 1.144 24816 | 3.275
7.388 1.818 0.554 5.924 1.332 28.965 |3.822
20.08 4.941 1.506 4.982 1.584 34.639 | 4.571
54.58 13.43 4.093 4.125 1.914 42.538 |5.613
148.34 36.5 11.125 3.433 2.299 53.178 | 7.017
403.18 99.207 30.238 2.976 2.652 65.538 | 8.648
1095.8 269.65 82.188 2.737 2.884 76.250 | 10.062

Dependence of critical rate value
on barrier radius

10.5

9.5

8

5? 5
D75
fd
-~ 6.5

O
8,5.5

60

80 100

rb, m

120

140

Figure 3.12. Dependence of critical rate value on barrier radius
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3.2.2. Horizontal Producers

3.2.2.1. Technology

The essence of the technique involves initial drilling of a branch horizontal injector that will
be located at the level of gas-oil contact, having the same or greater length and direction as main
horizontal producer.

This branch injector is intended for temporary existence. That is why its completion does not
require cementing or equipping with liner. After injector construction, water will be injected until
well injectivity decreases by the factor of ten. The decrease will confirm that the process of hydrate
formation has been started. After oil rim reserves production this injector can be used for the
purpose of gas production [43].

As a result of above-described actions, an ellipsoidal water pillow forms (Fig. 3.13). The
water pillow interacts with gas cap gas leading to gas hydrates creation. Eventually formed gas
hydrate barrier directly above producer drainage area is impermeable to reservoir fluids. Due to the
fact that the drainage area of well is of the least pressures in the reservoir, there is the greatest
possibility of cresting. This possibility will be fully eliminated by formed gas hydrate barrier.

The next step consists of main horizontal producer drilling from the same vertical well part
as the injector. This producer will be located closer to WOC and will be equipped with slotted liner.

After all the producer construction operations, the well will be brought into production. The
bottomhole pressure should not be less than the minimal pressure of hydrate formation at existent
formation temperature. All these measures will allow keeping the hydrate barrier.

Figure 3.13. Schematic of the hydrate barrier creation method
(1 — gas-saturated reservoir part, 2 — oil-saturated reservoir part, 3 — branch horizontal

injector, 4 — main horizontal producer, 5 — hydrate barrier)
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3.2.2.2. Critical rate without barrier

The calculations of critical rate were also applied to horizontal wells, using the input data
mentioned previously. There were used 4 models: Chaperon, Efros, Karcher and Joshi [45]. Again,
there was selected the most accurate model of Joshi that accounts for anisotropy. All the calculated

approaches are presented below.

Chaperon Method

Chaperon suggested a following method:

Lqc kn[h — (h = DY)]?
=0.0783 - 10-4( ) -
Aeg A B,

e

(3.2.2.2.1)

The above equation is applicable under the following constraint: 1<a’’<70 and 2y, < 4L

v (Ye) |k
a _(he)j:z (3.2.2.2.2)

D, — distance between the GOC and the horizontal well;

where

(g — Critical oil rate, STB/day;

p — density, Ib/ft3;

kn — horizontal permeability, md;

h — oil column thickness, ft;

Ye — half distance between two lines of horizontal wells (half drainage length perpendicular
to the horizontal well);

L — length of the horizontal well;

g*. — dimensionless function.

Joshi correlated the dimensionless function F with the parameter o’’:

q: = 3.9624955 + 0.0616438a’” — 0.000504(a’")? (3.2.2.2.3)
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Table 3.11. Input data estimation results

L, | 100 | 200 | 300 400 500 600 700 800 900 1000
Lrj]ft 328.08 | 656.17 | 984.25 | 1312.34 | 1640.42 | 1968.50 | 2296.59 | 2624.67 | 2952.76 | 3280.84
Ve 200
Vot 656.168
a” 1.22
e 4.04

Table 3.12. Critical rate estimation results, t/day

Length of
e wellbore, m
Distance 100 200 300 400 500 600 700 800 900 1000
from WOC, m
0 15.40 | 30.80 | 46.20 | 61.60 | 77.00 | 92.40 | 107.80 | 123.20 | 138.60 | 154.00
1 13.58 | 27.16 | 40.74 | 54.32 | 67.90 | 81.48 | 95.05 | 108.63 | 122.21 | 135.79
2 11.87 | 23.75 | 35.62 | 47.49 | 59.36 | 71.24 | 83.11 9498 | 106.86 | 118.73
3 10.28 | 20.56 | 30.84 | 41.12 | 51.41 | 61.69 | 71.97 82.25 92.53 | 102.81
4 8.80 | 17.61 | 26.41 | 35.22 | 44.02 | 52.82 | 61.63 70.43 79.24 | 88.04
S 744 | 1488 | 2232 | 29.76 | 37.21 | 44.65 | 52.09 59.53 66.97 | 74.41
6 6.19 | 12.39 | 1858 | 24.77 | 30.96 | 37.16 | 43.35 49.54 55.74 | 61.93
7 506 | 10.12 | 15.18 | 20.24 | 25.30 | 30.36 | 35.41 40.47 4553 | 50.59

Sensitivity of critical cresting rate to distance from
OWC and the wellbore length Distance
from
<. 145.00 -
8 —(
= 125.00 -
£ 105.00 - !
2 85.00 - 2
§ 6500 - —
T 45.00 - —4
5 25.00 - = E—
500 L T T T T 1 6
50 250 450 650 850 1050 7
Length of the wellbore, m

Figure 3.14. Sensitivity analysis of critical cresting rate dependence on wellbore length and distance

from OWC
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Efros Method

Efros proposed a critical flow rate correlation that is based on the assumption that the critical
rate is nearly independent of drainage radius. The correlation does not account for the effect of the

vertical permeability.

—4 kh(po - pg)[h —(h— Dt)]zL

qcg = 0.0783-10 = (3.2.2.2.4)
HoBo[ye + ,/Yez + (@)]
where
D; — distance between the GOC and the horizontal well;
L — length of the horizontal well, ft;
ye — half distance between two lines of horizontal wells, ft;
p — density, Ib/ft3;
h — net pay thickness, ft;
k — permeability, md.
Table 3.13. Input data estimation results
L,m | 100 200 300 400 500 600 700 800 900 1000
Lft | 328.08 | 656.17 | 984.25 | 1312.34 | 1640.42 | 1968.50 | 2296.59 | 2624.67 | 2952.76 | 3280.84
Ye,M 200
Ve ft 656.168
Table 3.14. Critical rate estimation results, t/day
Length of
e wellbore, m
Distance 100 | 200 | 300 | 400 | 500 600 700 800 900 1000
from WOC, m
0 191 | 381 | 572 | 7.63 | 953 | 1144 | 1334 | 1525 | 17.16 | 19.06
1 1.68 | 336 | 504 | 6.72 | 840 | 1009 | 11.77 | 1345 | 1513 | 16.81
2 1.47 | 294 | 441 | 588 | 7.35 | 882 1029 | 11.76 | 13.23 | 14.70
3 1.27 | 255 | 382 | 509 | 636 | 7.64 8.91 10.18 | 1145 | 12.73
4 1.09 | 218 | 327 | 436 | 545 | 654 7.63 8.72 9.81 10.90
5 092 | 1.84 | 276 | 3.68 | 461 | 553 6.45 7.37 8.29 9.21
6 0.77 | 153 | 230 | 3.07 | 3.83 | 4.60 5.37 6.13 6.90 7.67
7 063 | 1.25 | 1.88 | 251 | 313 | 3.76 4.38 5.01 5.64 6.26
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Sensitivity of critical cresting rate to distance
from OWC and the wellbore length Distance
20.00 - from
18.00 - WOC, m

g 16.00 - 0

E_ 14.00 - 1

S 12.00 -

o —)

.£ 10.00 -

c —3

8 8.00 -

= — A

S 6.00 -

G 4.00 - >
2.00 - g 6
0.00 ; ; ; ; . 7

50 250 450 650 850 1050
Length of the wellbore, m

Figure 3.15. Sensitivity analysis of critical cresting rate dependence on wellbore length and distance
from OWC

Karcher’s Method

Karcher proposed a correlation that produces a critical oil flow rate value similar to that of

Efros’ equation. Again, the correlation does not account for the vertical permeability.

k - h—TJ*L h—-T 1
Geg = 0.0783 - 10~ n(Po = pg)lh ~TIL. [1- e (—)] (3.2.2.2.5)
HoBo(2ye) Ve 24
where
D, — distance between the GOC and the horizontal well.
Table 3.15. Input data estimation results
L,m | 100 200 300 400 500 600 700 800 900 1000
Lft |328.08 | 656.17 | 984.25 | 1312.34 | 1640.42 | 1968.50 | 2296.59 | 2624.67 | 2952.76 | 3280.84
Ye,M 200
Ye,ft 656.168
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Table 3.16. Critical rate estimation results, t/day

Length of
e wellbore, m
Distance 100 200 300 400 500 600 700 800 900 1000
from WOC, m
0 191 3.81 5.72 7.63 9.53 | 11.44 | 13.35 15.25 17.16 | 19.07
1 1.68 3.36 5.04 6.73 8.41 | 10.09 | 11.77 13.45 15.13 | 16.81
2 1.47 2.94 441 5.88 7.35 8.82 10.29 11.76 13.23 | 14.70
3 1.27 2.55 3.82 5.09 6.37 7.64 8.91 10.19 11.46 | 12.73
4 1.09 2.18 3.27 4.36 5.45 6.54 7.63 8.72 9.81 10.90
S 0.92 1.84 2.76 3.69 4.61 5.53 6.45 7.37 8.29 9.22
6 0.77 1.53 2.30 3.07 3.83 4.60 5.37 6.14 6.90 7.67
7 0.63 1.25 1.88 251 3.13 3.76 4.39 5.01 5.64 6.27

Sensitivity of critical cresting rate to distance from OWC
and the wellbore length _
20.00 - Distance
from

18.00 - WOC, m

16.00 -
>
S 14.00 - —0
) !
£ 12.00 -
o> 2
. 10.00 -
§ —3
‘_g 8.00 - 4
£ 6.00 - —5
)

4.00 + — 6

2.00 - 7

0-00 T T T T T T T T T 1

50 150 250 350 450 550 650 750 850 950 1050
Length of the wellbore, m

Figure 3.16. Sensitivity analysis of critical cresting rate dependence on wellbore length and distance
from OWC
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Joshi Method

Joshi suggested the drainage area of a horizontal well to be represented by 2 half circles with
radius which is equal to b (and the same as a vertical well radius re,) at both ends and a rectangle, of

dimensions of L(2b), in the rectangle center. Thus, the drainage area:

,,,,,,,,,,,,,,,,, 22, LLLLLL. LL LLL Lk Lk

T ............ S @ '
kv ""Illll'l'll""'lll')
1}

Ky ‘<—L—*—>§

«— 7 —>

I
/////////////////////////4]’////////////////////////////'7/////////// LELIIIO P77

A) Side View |

=

¢— g — >

B) Top View

Figure 3.17. Horizontal well drainage area [45]

= L(2b) + mb® (3.2.2.2.6)
43.56
where
A — drainage area, acres;
— length of the horizontal well, ft;
b — half minor axis of an ellipse, ft.
Then, it is necessary to estimate well drainage radius rep:
43.56A
Top = - (3.2.2.2.7)
Next step includes half the major axis of drainage ellipse a and effective wellbore radius r,,’
calculation:

4
T

a= (%) (0.5 + jo.zs + (2;‘3’1) 105 (3.2.2.2.8)
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L
Ten [_

{
= Za (3.2.2.2.9)
L 2 h h
. _ qn/L
11 |
Then critical rate may be estimated:
-3 (po - pg)kh[hz - (h - Dt)z]
qcg = 0.0246- 10 (3.2.2.2.10)
B (ln(reh>
Uo Do 7
w
where
r = density, Ib/ft3;
kn = horizontal density, md;
D; = distance between the horizontal well and GOC, ft;
rw = wellbore radius, ft.
Table 3.17. Input data estimation results
L,m 100 200 300 400 500 600 700 800 900 1000
Lft | 328.08 |656.17 | 984.25 | 1312.34 | 1640.42 | 1968.50 | 2296.59 | 2624.67 | 2952.76 | 3280.84
b,m 200
b,ft 656.168
A, 38815 | 46578 | 54341 62104 69867 77630 85393 93157 100920 | 108683
acres
ren, it | 733.62 | 803.64 | 868.03 927.96 984.25 | 1037.49 | 1088.13 | 1136.52 | 1182.92 | 1227.58
A, ft | 783.27 | 91554 | 1050.38 | 1186.49 | 1323.18 | 1460.10 | 1597.02 | 1733.83 | 1870.46 | 2006.86
ro,ft | 3597 |101.35| 167.05 230.94 293.07 353.81 | 413.52 47251 531.07 589.49
Table 3.18. Critical rate estimation results, t/day
Length of
e wellbore, m
Distance 100 | 200 300 400 500 600 700 800 900 | 1000
fromWOC, m
0 7.88 | 11.36 | 14.13 | 16,57 | 18.85 | 21.02 | 23.16 | 25.27 | 27.41 | 29.59
1 785 | 11.32 | 1407 | 1651 | 18.78 | 20.95 | 23.07 | 25.18 | 27.31 | 29.48
2 777 | 11.19 | 1392 | 16.33 | 1857 | 20.71 | 22.81 | 24.90 | 27.00 | 29.15
3 762 | 10.98 | 1365 | 16.02 | 18.22 | 20.32 | 22.38 | 24.43 | 26.49 | 28.60
4 741 | 1068 | 1329 | 1559 | 17.73 | 19.77 | 21.78 | 23.77 | 25.78 | 27.83
5 715 | 1030 | 1281 | 15.03 | 17.10 | 19.07 | 21.00 | 22.92 | 24.86 | 26.84
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6 6.83 9.84 12.24 14.35 16.32 | 18.21 | 20.06 | 21.89 | 23.74 | 25.63

7 6.45 9.29 11.55 13.55 1541 | 17.19 | 18.94 | 20.67 | 2242 | 24.20

Sensitivity of critical cresting rate to distance from
OWC and the wellbore length

30.00 - Distance
from
WOC, m
25.00 -
>
g — )
-
L —
S 20.00 -
o —)
£
g — 3
S 15.00 -
= — /]
S
.*S' e
10.00 - 6
7
5-00 T T T T 1
50 250 450 650 850 1050

Length of the wellbore, m

Figure 3.17. Sensitivity analysis of critical cresting rate dependence on wellbore length and distance
from OWC

3.3. Conclusion on the chapter

e The minimum pressure that must exist in the reservoir and well against the GOC level for
reservoir temperature 9 ° is 29.65 atm which is the pressure of hydrate formation in given
conditions.

e Critical coning rate estimation has demonstrated that the presence of barrier in vertical wells
does not have such significant effect although increases critical coning rate in this type of
wells.

e Critical cresting rate estimation has demonstrated that horizontal wells show better
performance than vertical even without barrier.

e Due to the facts described above, horizontal wells should be chosen for further reservoir

simulation analysis.
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6. BE3OITACHOCTDB U 3KOJIOTUYHOCTbD ITPOEKTA

6.1. OcHOBHbBIE HalnpaBJICHUA odecneyeHus 0€30IMACHOCTH H YKOJOTHYHOCTH
NMPOU3BOACTBCHHBIX IPOLECCOB

[Ipu pa3paboTke HePTEra30KOHACHCATHBIX MECTOPOXKICHUW Ha JIOJEH, 3KOJOTMYECKYIO
CHUCTEMY U MH)KEHEPHO-TEXHUYECKUN KOMILJIEKC MPEeNNpHsTUs HEraTMBHOE NEHCTBHE OKa3bIBAIOT

cienyomue HakTopbl:

e ncuxodusnueckue (axkTopsl (HEPBHO-TICUXUYECKHE U (PU3MUECKUE TEePEerpy3KH OpraHu3Ma
pabOTHUKOB);

e (usnyeckue HaKkTOPHI (TETUIOBBIC U CBETOBBIC H3ITYUEHUS , yIAPHBIC BOJIHBI, YJICKTPUICCKUN
TOK, MEXaHH3MBbI, JBIKYIHECS MAIIMHBI, HE3aIUIICHHBIC 3JIEMEHTHI MPOU3BOACTBEHHOTO
o0opynoBaHus, BUOpoakycTuueckue GakTophl);

e xumuyeckue (akTopsl (HeficTBME BPEOHBIX BEIIECTB, pACIPOCTPAHUBIIMXCA Ha
TIOBEPXHOCTH 3€MJIM, TEPPUTOPUH pabOUMX IUIOMIAJ0K M IOMEUICHUH, B BO3AyXe, BOJHOM

cpene).

YTneBoaopoasl, BXOISIIME B COCTaB MPHPOTHOTO ra3za, HeTH W Ta30BOTO KOHJEHCATaT
00pa3yloT C BO3IYXOM TI0)KAapOB3pPHIBOOIACHBIE CMeCH. [Ipu B3pbIBE Ta30BO3MYNIHON HITH
MapOBO3YIITHOW CMECH HIIM MBLTH 00pa3yeTcs yaapHas BOJHA.

Yaapbl TOKOM MOTYT MPOHM30MTH MpPH HEJOCTATOYHOM 3a3€MJIGHUH OOOpPYAOBaHUA, MpHU
HAKOIUICHWH CTaTUYECKOTO JJIEKTPUYECTBA, MPU OTCYTCTBUM MOJIHUEOTBOJAOB HA 3AaHUSIX.
Bo3sMmoxubie NCTOYHHUKHN MMOpaAKCHUA SJICKTPUYCCKUM TOKOM: JIMHUH QJICKTponepeaay,
TpaHchopMaTOphl, pa3InyHOE 000PYAOBAHUE, HAXOASAIICECS MO/ HAIIPSKEHUEM.

JleiicTBHe BpEOHBIX BEIIECTB HAa OPraHU3M NPUBOJUT K €ro OTPABIEHUIO U 3aBUCHT OT
KOHI[EHTPAIlMU CaMOTO BEIIECTBA, TOKCUYHBIX CBOWCTB M MPOJOKUTEIHLHOCTH BO3JICHCTBUSI.
OTpaBieHne JIOJe MOXKET MPOU30WTH BCIEACTBUE pa3jiinBa HEPTH, METaHOJA, KOHJIEHCATa WU
APYrux OMmaCHBIX mH}IKOCTCﬁ, IIPpU BABIXaHHWU ITApPOB HUJIN YEPE3 KOXKY.

[lIlym BO3HHMKaeT TpU [BIWKEHUH HeDTH U Taza B O0OOPYIOBaHHWH, B IleXaX, MPH
WCCIICIOBAHMSIX M TPOAYBKE CKBaXHWH. [Ipy TOCTOSHHOM BO3JACHCTBHM Ha paOOTHUKA IIIyM
MIPUBOJIUT K HAPYIICHUIO JACSITSILHOCTH CEPICTHO-COCYAUCTON i HEPBHOM CHCTEM.

K ocHOBHEIM BUIaM SanHSHeHI/Iﬁ 9KOCUCTEMBI B PE3YJIbTATC ACATCIBHOCTU HPCAIPUATUA
OTHOCSITCSl CIIEyIOIHe: BHIOPOCH B TOYBY, BOJOEMBI U aTMoc(hepy 3HAYUTEIBHOTO KOJIMYECTBA
MPONU3BOACTBCHHBIX OTXOJAO0B, 3arpA3HAIOMIUX IMOYBY, BOAY U BO3AYX; BBIGpOCI:I He(i)TI/I MU rasa Ha

yCTbE€ CKBAKMHBI TMPU TPOAYBKE WIM HMCCIEAOBAHMSX, HEIMOJIHOE CropaHue raza Ha ¢akenax.
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PaznuBuInecs yrineBomopozsl, ONAaCHO M3MEHAS COCTaB M CBOMCTBA BOJABI, IIPEBpALIalOT €€ B
TOKCHUYHOE BEILECTBO, KOTOPOE OMACHO BO3JCHCTBYEeT Ha pbI0 M ApYyrux oburaTeneil BOAOEMOB.
[TpoHMKast B IUIOAOPOJAHYIO MOYBY, 3arpsA3HUTENIN H3MEHSIOT €€ (PU3MKO-XMMHUYECKHE CBOMCTBA,
paspylialoT MOYBEHHYIO CTPYKTYpPY, JUCHEPIHUPYIOT YaCTHUIbl, U3MEHSIOT COOTHOLLIEHUE MEXAY
YIJIEPOAOM U a30TOM, PEXKHUM I10YB U KOPHEBOT'O MUTAHUS PACTEHUH.

[Ipr BBICOKMX YpPOBHSAX BO3JEHCTBHUSA HEraTHUBHBIX (DAaKTOpOB Ha 4eJIOBEKa HAOIIOAAIOTCA
OCTpbIEC UJIM XpPOHUUYECKHE 3a00JI€BaHUs, a TAKXKe TPABMUPOBAHUE JIIOJCH.

[TocnencTBust JAEUCTBUSL HETATHBHBIX (PAKTOPOB OIICHHMBAIOT B CIEAYIOMHUX (opmax:
ype3BblvaiiHas cutyauus (YC), upesssryaitnoe npouciiectsue (UII) nu HecuacTHbIN ciaydail.

JUis  MeCTOpOXJIEHUS BO3MOXKHBI CIIEAYIOLIME BHUJAbl YpE3BbIUANHBIX CHUTyalud H

MIPOUCIIECTBUI:

e B3pBIBB MAPOBO3IYIIHOH CMECH B pe3yibTaTe YTEUKH Traza, HeTH W KOHJIEHcara, C
NOCIIEAYIOIUM pa3pyLIEHUEM HH)XEHEPHO-TEXHUYECKOT0 KOMILIEKCA;

e KpyIHOMAcCIITaOHBIE MOKapbl HAa POMBICIOBBIX TPYOOIPOBOaX MIIM Ha IPOMBICIIAX;

e pa3nuBbl Ha OOJNBIIMX IUIOHIAIAX TAKUX CHJIBHOAEWCTBYIOIIMX BEIIECTB KaK METaHOII,

KHCJIOTA, IIEJI0Yb U APpYyTrUc.

ObecnieueHne 0€30MAaCHOCTU  KU3HEACSITEIBHOCTH B  TeXHOchepe Ha TEeppUTOPUU

npeanpuATUs OCYIECTBIIACTCA 1O CICAYIOIIUM HAIIPABJIICHUAM:

e o0ccrieueHNe 3alIUThl B UYPE3BBIUAWHBIX CUTYAIUSAX JIOJICH, SBIISIOIINUXCS paOOTHUKAMU
WHXCHEPHO-TEXHHUECKOTO KOMILUIEKCA MTPEATPHUSITHS;

e pazpaboTka 3¢ PEeKTUBHBIX MEpOIPUATHIA, 00eCIeunBarOIINX 0€301acHOCTh
TEXHOJOTHYECKHX TPOIIECCOB M TEXHUYECKUX CHUCTEM, a TAK)KE UX BHEIPEHHE,

® TIPOBEJICHHE KOMIUIEKCA MEPOTIPUATHI 11O 00ecrieueHn0 0€30IMacHOCTH B 00JIACTH SKOJIOTUH

B pailoHE X03AHCTBYIOIIETO OOBEKTA.

PemenveM 3amad 1o BBHIIETIEPEYUCICHHBIM HAMPABJICHUSIM Ha TPEANPUATHH 3aHUMACTCS
OTIIe TIO0 JelaM TPaXTAaHCKOW OOOpPOHBI U UPE3BbIUAWHBIM CHUTYAllMsIM M OTIEN OXPaHbI
OKpY’Karolen cpeabl U npupoabl. OTAEIOM MO OXpaHe OKpYKarolled cpeibl BeIEeTCs MOCTOSIHHBIM
KOHTPOJIb KOJIMYEeCTBa BBIOPOCOB B armocdepy BpeAHblXx BemecTtB. Kpome »srtoro, 3a
MIPOU3BOJICTBEHHON NIEATEILHOCTRIO TPEANPUSITHS BEIYT HAI30p CIYKOBI, HEMOCPEACTBEHHO HE
OTHOCSIIIMECS K JEATENIbHOCTU NPEANPHUATUS: TOXKAPHBIM Haa30p, palOHHBIE SKOJOTUYECKUE

CITyOBbI, CaHATUAEMCTaHIUs, | 0cropTeXHaa30p U ApyTHe.
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I[JISI TOTO, YTOOBI caciiaTtb BBIBOJ O 0E30IMacHOCTH M JKOJIOTUYHOCTHU AUTIJIOMHOTI'O0 IIPOCKTa

HHMIKC 6yz[eT IIPOBEACHA OLICHKA JOCTUTHYTOI'O YPOBHsA 0e30IacHOCTH Ha MNpCAIIPUATHN.

6.2. OueHka 3¢ (peKTHBHOCTH MEPONPUATHIA 10 00ecneYeHUI0 0€30MACHOCTH TeXHHYECKHX
CHCTEM U TEXHOJIOTHYEeCKHUX MPOLEecCoB

6.2.1. OGecneyeHue NMOKapo- U B3pbIB00E30NACHOCTH

B mensx oOecrnedyeHuss MOXKapo- W B3PHIBOOE30MACHOCTH HA MPEANPHUSATHH TPOBOIST
HYDKETIEPEYHUCICHHBIE OPIaHU3ALMOHHBIE U NHKCHEPHO-TEXHUYECKUE MEPOIIPUATH.

[TpoBoauTcs OoOydyeHue mepcoHana JAEHCTBUSAM M OOS3aHHOCTSM IIpU IOXKape B LEIX
HOXAPHOM 0€30MacHOCTU: MOPSAKY OCMOTpa M INPHBEICHUS B I10)KapoOE30MIaCHOE COCTOSIHHE
YCTAaHOBOK M IIOMEUICHUM, TMOPAAKY OTKJIIOYEHUs BEHTWIALMM, AaBapUMHOM OCTAaHOBKHU
000pyIOBaHUs, 3JIEKTPOOOOPYNOBAHHUSA, IIpaBUJaM BbI30Ba IOKAPHOM OXpaHbl, IPaBUIIaM
IIPUMEHEHHUs NEPBUYHBIX CPEACTB MOXapoTyuieHus. [Io BceM MeponpusaTHsIM, NEpPEUnCICHHBIM
BBIILIE, IPOBOASATCS IIPAKTUYECKUE TEPUOTUYECKUE TPEHUPOBKH.

Ha BuaHbIX MecTax HEOOXOIUMO pa3MelaTh CXEMBbl IBaKyalluu JIIOJECH B Cllydae I0XKapa,
UHCTPYKLIMH, OIpeNeNsiomue AeHCTBUe NepcoHana Mo obecneueHuro Oe30macHoi U ObICTpOit
IBaKyallul, YCTPOMCTBAa CHUCTEM OIOBELICHUs O TMOXKape, TaOJIWYKK C yKa3zaHHeM TejiedoHa
MIO>KAPHOM YaCTH.

B nexax riaBHBIMH cHUCTEMaMH 10 OOECIEUEHHUIO MOXKApHOM O€30MacHOCTH SBISIOTCS
CUCTEMBI ITPOTUBOIIOKAPHOW 3alUTBl M IPEIOTBPAILICHUS I0XKAPOB, BKJIKOYas OPraHU3alMOHHO-
TEXHUYECKUE MEPOIIPUATHS.

Cucrema npenoTBpalleHUs] MOXapa MpPeICTaBIsieT COO0M KOMIUIEKC OpraHu3allMOHHBIX
MEPONPUATHM M TEXHUYECKUX HHCTPYMEHTOB, HAIIPABICHHBIX Ha HCKIIOYEHHE BO3MOXKHOCTH
nokapa.

HpCI[OTBpaH_[eHI/IC noxxapa H10CTHUTracTCs:

® [OJJEpKaHUEM TeMIIEpaTypbl TOPIOYEH CPEbI HUKE MAKCUMAJIBHO JIOMTYCTUMOW;
e ycTpaHEeHHWEM 00pa30BaHUs B TOPIOYEH Cpejie HICTOYHUKA 3aKUTAHMS;

¢ NOAACPIKAHUC B FOpIO‘-ICfI Cpeac NaBJICHHUA HUKC MAKCUMAJIbHO JOITYCTUMOTO.

[ToxapoTyiieHne OCyIIeCTBISETCS OT CeTH XO3SHCTBEHHO-TUTHEBOIO U MPOTUBOMOXKAPHOTO
HAQ/3EMHOTO  BOJIONPOBOJAa Yepe3 He3aMep3alolie IOKapHble THAPAaHTHL. BHyTpeHHHE
MOKapOTYILIEHUSI OCYIIECTBIISIOTCS OT MOXApHBIX KPAaHOB, YCTAHOBJIECHHBIX BHYTPH MOMEIICHUMH.

[TpoTuBOMOXKapHBINA 3amac BOJBl XPAaHUTCA B JABYX pe3epByapax, 0OOpYIOBaHHBIX OTHEBBIMHU
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MOJOTPEBaTeNIMU U TeIIoBOM wm3omsauuedl. HeoOXoauMmelid pacxoi W Hamop JOCTUTAIOTCS
CTallIOHAPHBIMU HACOCaMU, Pa3MEUICHHBIMU B HACOCHOM 000OPOTHOTO BOJOCHA0KEHHUS.

YpapieHue noXapHbIMH HACOCAMH OCYIIECTBIISIETCS JUCTAHIIMOHHO U 1O MecTy. Pe3epBHbIi
HACOC aBTOMATUYECKH BKIIIOYAETCS MPH MMaJeHUH Ha paboueM Hacoce AaBJICHHUsS HarHETaHHS.

ABTOMaTHYECKOE IMOXKAPOTYIIEHHE B TEXHOJIOIMYECKMX KOpIycaX OCYIIECTBISAETCS
BO3JIYIITHO-MEXaHWYECKOH TIEHOM uepes3 MeHoreHeparopsl cpeaneit kpatnoctu tuma ['TIC-600.

B  mpou3BOACTBEHHBIX IOMEIICHUSAX, COOPYKEHUAX IMPEIyCMOTPEHbl MOPOIIKOBHIE
orHerymutenu tuna OITA — 100, koTopeie pa3MemaroTcs BOIM3H MECT HanboIee BEPOSTHOTO MX
IPUMEHEHHUS M MOTYT IIPUMEHSTHCS Kak B aBTOMAaTHYECKOM, TaKk U B PYYHOM pEXHUME.
ABTOMaTHuYECKas CUCTeMa IyCKa OTHETYIIMTENs cpabaTbIiBaeT MPHU MOSBICHUH B 3alUIIAEMOM
MPOCTPAHCTBE OTKPHITOrO MIIAMEHU WJIH MPH MOBBIIIEHUU TEMIIEPaTYPh.

B nHacocHoif neHoTymeHus: npuHATH Hacockl Mapku J1-320/70. PactBop menooOpa3oBaTes
XpaHUTCS B pe3epByapax, 000pyI0BaHHBIX MOJOIPEBAIOIIMMHU 3MEEBUKAMU U TEIUIOBOM U30Js1UEl.

OTBETCTBEHHOCTh 3a MOXKapHYIO O€30MacHOCTh YYaCTKOB, OTAENBHBIX LIEXOB, CKJIAI0B U
JIPYTUX TEXHOJOTHYECKMX TMOMEUICHUH HECyT JIHIla, UCHOJHSIONINE O0SI3aHHOCTH CIEIUATNCTOB
IPOMBICTIA WJIM CaMU CHIELHMAJIUCTBI IPOMBICIA, B BEACHUU KOTOPBIX 3TU OOBEKTHI HAXOMAATCH.
Pa3pabaTbiBaloTCd MHCTPYKIIMM O MEpax M CPEACTBAX MOXKapHOM O€30MacCHOCTH PYKOBOAMTEIEM
TEXHOJIOTHYECKUX YYacTKOB, 3aTéM [0 BBOJIa OOBEKTa B HKCIUIyaTal[Ml0, OHM YTBEPKAAIOTCA
TJIaBHBIM HH)XEHEPOM.

CoopyxeHusi, MOACOOHbIE M IPOU3BOJCTBEHHbIE MOMEIIEHUS, CKJIa/Ibl, YCTAHOBKHU
o0ecrnedeHbl MoXKapHbIM UHBEHTAPEM U MEPBUYHBIMU HHCTPYMEHTaMH MOKAPOTYIIEHHUS.

Ha Tepputopuu, rie BO3MOXHO CKOIJIEHME MPUPOJHBIX MM TEXHOTEHHBIX IOPIOYMX Tra3oB,
npoe3a TPakTOPOB M aBTOMALIMH pa3peliaercs TOJbKO B CilIy4ae HX 000OpyaoBaHUs
uckporacutensiMu. Kypenue paspeniaercs B crieiuaibHO 000pyI10BaHHBIX U OTBEJEHHBIX JIJIS1 3TOTO
MecTax. [Imsi KOHTpossi 3a COCTOSIHHEM BO3/yXa Ha IPOU3BOJCTBEHHBIX OOBEKTaX M CKJIaJax
YCTaHOBJIEHBI aBTOMATUYECKUE Ta30aHAIN3ATOPBI.

Bce 3manust npexycmotpenst 11 crenenn ornecroiikoctu [CHull 21-01 97]. Tlomemenus
KaTeropuu «A» OTAEJeHbl OT IMOMEIIEHUN KaTeropuu «J» M KOpHUAOpPOB MPOTHUBOMOKAPHBIMHU
MePErOpOIKaMH.

B wMectax mnpoeMoB B IPOTHUBOMOXAPHBIX MEPErOpoJKax, OTACISIOUMX IOMEUICHUS
KaTeropuu «A» OT NOMEIIEHUH APYruX KaTeropuid, KOpuaopoB, IPeAyCMOTPEHBI TaMOyp LUTIO3BI C

MOCTOAHHBIM IMOAIIOPOM BO3ayXa.

95



6.2.2. 3ammTa OT AeliCTBUSI TOKCHYHBIX M BPeIHBIX BellleCTB MPHU UX cOpocax u BbIOpocax

Jnst 3ammThl OT BPEIHOTO BO3ACHCTBUSA MPUPOAHBIX Ta30B, ACUCTBYIOMIMX YIYIIAIOIIE TPU
CoJlep’KaHUU B OONBIINX KOHIEHTPALUAX, UCIIONb3YIOT MHAUBHUIYaJIbHbIE CPEACTBA 3aIUThl TAaKHe,
Kak: wm3onupyroomue npotuBorazbl mMapku KUII-7 m PKK-1, duibrpyromuii mpotuBoras c

KopoOkoit mapku M nmu K/1.

6.2.3. O0ecneyeHnne 3J1eKTPO0€30NACHOCTH

DNEKTPUUECKU TOK MPEACTaBIAET OOJNBIIYI0O OMACHOCTh IPU HEMPAaBUILHOM OOpAIlEHUH C
HuM. Eciu npyrue mpousBOJACTBEHHBIE OMACHOCTU UMEIOT OIpE/eTICHHbIC BHEIIHUE MPOSBICHUS,
TO DJIEKTPUYECKHI TOK UX HE UMEET. ITO 00CTOSATENHCTBO TPEOyeT 0COO0 CEPbe3HOTO BHUMAHHS K
BOTIPOCAM 3JIEKTPOOE30MacHOCTH CO CTOPOHBI PAOOTHUKOB MTPOMBICIIA.

st 06cmyKuBaHUs AJIEKTPOYCTAHOBOK MPUMEHSIOT 3JIEKTPOU3OIUPYIOIINE CPEICTBA, TAKUE
KaK: OTIepaTUBHBIE IITAHTH, TUAJICKTPUUECKUE MTePUaTKU, YKa3aTellu HaMpsHKeHUs, H3MEpUTEIbHbIC
Y U30JUPYIOIIME KJIEIH, UHCTPYMEHT C U30JUPYIOLUIUMHI PYKOSTKAMU; KPOME 3TOTO MPUMEHSFOTCS
CIIEIyIOIINE CPEACTBA: U30JIMPYIOIINE MOACTaBKU, PE3NHOBbIE KOBPUKHU, TUIEKTPUUECKHE TaJOIIN
(60TBI), U30TUPYIOIINE TOPOKKH.

[Tpu paboTe Ha BHICOTE MCIMONB3YIOT CTPAXOBOYHBIE KaHATHI U MPEJOXPaHUTEIbHBIE IMOsCa,
MOHTEpPCKHE KOITH. J[isl 3ammTbl OT MEXaHMYECKHX, TEIUIOBBIX, CBETOBBIX U XUMHYECKHX
HETraTHBHBIX BO3JICHCTBUI HCIONb3YIOT PYKaBUIIbl, 3aLIUTHBIE OYKH, IPOTHUBOTra3bl, KACKH.

YcTaHoBNeHO 5 KBaTH(PHUKAIMOHHBIX TPYIII MO AIEKTPOOE30MaCHOCTH, KaXKaask U3 KOTOPBIX
npeycMaTpuBaeT COOTBETCTBYIOIIMM 00beM TpeOOBaHHMN B OTHOIIEHHWH MNPO(HEeCcCHOHAIBHBIX
3HAaHUH, CTa)ka pabOTHI B 3JIEKTPOYCTAHOBKAX U MPAKTUUYECKUX HABBIKOB.

OnekTpoOe30nacHOCT,  00eCHeurnBaeTCs  YCTPOHMCTBOM — 3aIUTHOTO  3aHYJIEHUS  BCEX
HETOKOBEIYIUX YacTel 3J1eKTPOo0OOpyI0BaHNS, KOTOPBIE B pe3yNbTaTe MOBPEXKIAECHUH MOTYT OBITH
[0/l HaNpsDKEHUEM. B moMenieHny ¢ HOpMalbHOM Cpeloil Uisl 3aHYJIEHUS MCIOJIb3YIOTCS HYJIEBBIE
OpoBOJa CETH, METAUINYECKHe KOHCTPYKUMH 3JaHUi ¢ oOecriedeHueM HEempepbIBHOCTH
IIEKTPUICCKON TICTIH, TIOATOMY 3aHYJICHHE Mpou3BoauTcs B coorBercTBur co CHulII 3.05.06-85 u
«HCTpyKIIMEN MO YCTPONCTBY CETEN 3a3€MIJICHUS M MOJHHUE3AIIUTE» U JIOJKHO COOTBETCTBOBATH

«IIpaBunam ycTpoicTBa 3J€KTPOyCTaHOBOK» [1YD-7.
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Bo B3pbIBOOMACHBIX 30HAX WCHOJB3YIOTCSA JJS 3aHYJIEHUS TPOBOJHUKH, CIICIUAIBHO
npeHa3HAYCHHBIE U ATOM HEIH.

Jlns cokpamieHusi BEpPOSITHOCTU IOPAKCHHS TOKOM BO BpeMS IMPUMEHEHUS NEPEHOCHBIX
CBETHJIbHHKOB, PYYHOTO 3JIEKTPOMHCTPYMEHTA M JIAMIT MCIOJIb3YeTCs MOHWKEHHOE HaNpsHKEHHUE.
HcTouHMKaMu ~ TaKOrO  HANpSDKCHUS  SIBIAIOTCS  aKKyMYJIATOPBl — WJIM  TOHIDKAIOIINE
TpaHC()OpPMaTOPHI.

C 1enpr0 3alUTBl OT CTATUYECKOTO 3JIEKTPHYECTBA TEXHOJIOTHYECKOE O0OpyIOBaHUE U
TpyOoIpoBob! 3a3emiieHbl. Hanbonblee conpoTHBICHUE KOHTYpa 3a3€MJICHHS OT CTaTHYECKOIro
anekTpudecTBa He npesbiiaetr 100 Om.

Jns MUHUMH3alUM TEHEPUPOBAHMS 3apsIOB CTAaTUYECKOTO JIICKTPUYECTBA pa3IUYHBIC
IMAJIEKTpUYecKue Marepuansl, BKmodas JIBXK, TpaHCIOPTHPYIOTCS ¢ ManbIMH CKOPOCTSIMH IO
TpyOonpoBogaM. JIMMUTBI CKOPOCTH TPAHCIIOPTUPOBAHMS TMPHHAMAIOTCS WHIMBHIYaJbHO B
3aBHCUMOCTH OT JUTMHBI TPYOOIPOBOIOB, IMAMETPa U CBOMCTB JKUKOCTH.

C npenplo u30eraHus HAKOIUIGHUS M, B IEPBYIO oOdepeab, O0pa3oBaHMs CTaTUYECKOI'O
AJIEKTPUYECTBA OT MAAAIOUIEH CTPYH, TPYOBI U 3aNI0JTHEHHSI EMKOCTEH CITyIIEHBI IOYTH JI0 YPOBHS
JTHA, TI0]T YPOBEHb UMEIOIICHCS B €MKOCTH JKUIKOCTH.

Tarxoke mpenycMOTpeHa 3aluTa TEXHOJIOTHIECKUX YCTAHOBOK TEXHOJIOTMYECKHX IMOMEIICHUN
U COOPYXEHHUH OT 3JIEKTPOMArHUTHOM M 3JIeKTpudeckod HHAykuuu. [IpenynpexiaeHue ynapos

MOJTHHI OCYIICCTBIIAICTCA AbIMOBBIMU TPY68.MI/I, KOTOPLIC MPUCOCAUHCHDBI K 3a3CMJIUTCIISAM.

6.2.4. O6ecnneuenue KOM(POPTHHIX YCIOBHIA TPyAa paGOTHUKOB

['maBHBIM ~ JOKYMEHTOM, MPEANHCHIBAOIIMM  CAaHUTAPHO-TUTMEHWYECKHE HOPMBI U
TpeOoBaHus, SABISIIOTCS «CaHUTapHbIE HOPMBI TPOEKTUPOBAHMSI TPOMBIIIIEHHBIX MPEAIPUSTUI.
Ha xaxnoro paboTHHKa peanucaH 00beM TeXHOJIOTMUECKUX IMOMEIEHHI He MeHee 15 M>, BEICOTA
TEXHOJIOTHYCCKHX MOMEIICHHH He MeHee 3,2 M, Iomas He MeHee 4,5 M2, TI0Ibl B MOMEIICHHSX
HECKOJIb3KHE U POBHBIE.

[Tnomaay caHuTapHO-OBITOBBIX MOMEIIEHNUN (YMBIBaIbHbBIE, TapAepOOHbIe, MMOMEIIEHUs IS
CYIIKH CIEIOJSKIbl, MOMEUIeHUs s INpUeMa NHILM, OTJbIXa, TyaleTbl) U 000pyIoBaHHE
COOTBETCTBYIOT CaHUTapHbIM HopMaMm. IlomemieHust OBITOBOrO Ha3HAuYeHHUs O00OPYIOBaHbI

KaHAJIM3aIuel, BOJIOIIPOBOIOM, BEHTHUIISIIMEH, DJIEKTPUUECKUM OCBEIIICHUEM, OTOTUICHUEM.
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Bce TexHomormueckue TMOMEIIEHUS KaTeropum A 000pyHoBaHBI CHCTEMaMH aBapUTHON
BEHTWIILIMM, a TaKKE I[PUTOYHO-BBITSOKHBIMA  BEHTHIILMOHHBIMU ~ YCTaHOBKAMH, €CTb
€CTECTBCHHAs] BEHTUJIALMS.

OOmeoOMeHHas TPUTOYHO-BBITSDKHAS ~ BEHTHISALUS —NPEAYCMOTPEHA IS CO3JaHHS
BO3yX000MEHa BHYTPH HPOHM3BOJCTBCHHBIX MOMEIICHUH BO BPEMsS BEICHHUS TEXHOJOTUYECKOTO
nporecca.  3abop  BO3AyXa  BEHTWSALMOHHBIMH  YCTAaHOBKAMH  IIPOM3BOJAUTCS  4Yepes3
BO3/1yX03a00pHYIO0 Kamepy.

IIpy MaccoBOM BBIICJICHHM TApOB W Ta30B B TEXHOJOTHYECKUX LEXaX, CHOCOOHBIX
CO3/1aBaTh B CMECHU C BO3/1yXOM B3pbIBOOIACHBIE KOHIIEHTPALUH, €CTh aBapUiiHasl BEHTUIISILIMSL.

Ha paboumx mectax mperycMOTPEHO PaBHOMEPHOE pacIpelesieHUe sIpKOCTH, JOCTaTOYHAas
OCBEILIEHHOCTb, IOCTOSTHCTBO OCBEILIEHHOCTH BO BPEMEHHU, OTCYTCTBHE PE3KUX TCHEM.

PaGoTtHukM  HEPTEra3omoOBIBAOIINX  NPEANPHITHA  CHA0XKAIOTCS  CHEIOO0YBBIO U
CHELOACKI0M  OoOmero Ha3HAYeHWs: IUTAIl  HEMPOMOKAEMBIH, KOCTIOM (KOMOWHE30H)
XJIOMYaTOOYMaKHBIH, pPyKaBUIbl OpE3eHTOBBIC, CAllOIM KHP30BbIE WM PE3UHOBBIE, KOCTIOM
YTEIUIEHHBIA U1 METEOyCIOBUH — CO CPOKAMU HOCKHM B MeCSllaX COIJJaCHO HOpMaM B 0COOOM
KJIIMMaTHYECKOM II0sICE, K KOTOPOMY OTHOCHUTCA U Teppuropusi pecnyonuku Caxa (Axyrus),
JIOTIOJTHUTEIBHO K TEIUION CHEloAeKae BbINAIOTCA: IIANKa-ylllaHKa, IOIYIIyOOK, pyKaBHUI[bI
MeXOBble, BaJieHKH. [l paboTaromMx Ha OTKPBITOM BO3JlyXe B JIETHEE BpEeMs B YCIOBMSAX
Bocrounoii Cubupu npeaycmaTpuBaeTcsi JONOIHUTENbHAS BblJlaua KOCTIOMOB 3aIIUTHBIX OT THYCAa,
00Ja1a0uX peneyIeHTHBIMU (OTIYTMBAOIINMH) CBOMCTBaAMH.

Kpome »TOro pabGoTHHMKAaM /il BBIIOJIHEHUS OIPENEICHHBIX BHUIOB pabOT BBIIAIOTCA
JIOTIOJTHUTEIIBHO: 3AIIUTHBIE IIUTKU U MacKy JUIsl OJHOBPEMEHHOM 3aIMTHI TJ1a3 U JIMLA, 3aIlUTHBIE
OYKU PpaA3JIMYHBIX THUIIOB, CPEJACTBA 3alllUThl OPraHOB JbIXaHMS (pECIUPaTOpbl, MPOTHUBOTA3bI),
npenoxpanurensHelie nosica BP u BM, cpeactsa 3amuThl opraHoB ciyxa (BKJIaJbllIK, HAYITHUKH,
[IUIEMBI), AJIEKTPO3AIIUTHBIC CPEICTBA (IUAJECKTPUUECKUE TIEPUYATKH, TaJOIIH, OOTHI), 3alUTHBIC
KACKH, 3allMTHBIE Ma31 U TaCTBHI.

B nenom no npennpuaTHio ypoBeHb 0€30MaCHOCTH TEXHOJIOTUYECKUX CHCTEM M MPOBOIMMBIX
MEPONpPUITHA OCTaeTCs BBICOKMM, O YeM CBHUJAETEIbCTBYET yMEHBIIEHUE IOKa3aTelneit
IIPOM3BOJICTBEHHOI'O TpaBMaTHU3Ma, npod3aboaeBaeMOCTH 1 OTCYTCTBUE aBapuil. PaccmaTtprBaemblie

B JUIVIOMHOM MPOEKTE MEPONPUSITHS HE CHU)KAIOT YPOBEHBb O€30MMaCHOCTH.

6.3. Meponpusitus mo oéecne4eHu10 6€30MACHOCTH B YpPe3BbIYAHHBIX CUTYALUAX
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Otaen o nenam 'O u UC npennpusitus obecrieunBaet 6e3onacHocTs B UC, modTamHo pernast

3aJa4u:

e BbISBJICHUE NOTEHIIMAIBHBIX BU0B YC U OlleHKa prucKa UX BOSHUKHOBEHUS;
e nporHo3upoBanue nocieactsuii YC;
e BbIOOp, OOOCHOBaHHWE M peaju3alus KOMIUJIEKCA OPraHU3alMOHHBIX M HWH)KEHEPHO-

TEXHUUYECKHUX MEPONPUATUI IO MIPEIOTBPALIEHUIO U CHUXKeHUIO yuiepba ot YC.

OcHOBHBIE BH/IbI BO3MOXHBIX UPE3BBIYANHBIX CUTYallUH — 3TO TEXHOTEHHBIE U NPUPOAHbBIE
UC. K TtexHorenHbiM YC OTHOCATCS: B3pbIBbl MApOBO3AYIIHBIX CMECEH, OTKIIOYEHHE
AIIEKTPO3HEPI UM, PA3JIUBHI SITOBUTHIX CHIIBHOAECHCTBYIOIIMX BEIIECTB.

JUis npenoTBpallleHnss U CHUKEHHUs yliepOa OT 4pe3BbIUaliHbIX CUTYalMi, Ha TeppUTOPUU
SAmano-Henenkoro aBTOHOMHOIO OKpyra OpPraHM30BaH MOHUTOPUHI IOTEHLMAIBHO OIACHBIX
XO3SCTBEHHBIX OOBEKTOB U MNPUPOJHOW cpedbl. Ero memsMu SBISIIOTCS OLIEHKA COCTOSHUS
NPUPOIHON M TEXHOTCHHOW Cpellbl U HAONIOJICHHE C LENbI0 OOHAPYKEHUS BEPOATHOW OMACHOCTH
JUIs XO39HCTBEHHBIX OOBEKTOB U HACEJICHMUS.

Jlis koopaMHAIUK 1eHCTBUN B 00JaCTU KOHTPOJIS M IPOTHO3UPOBAHUS OMACHBIX IPUPOIAHBIX
U TEXHUYECKHX MpOIeccCOB Ha (eepaJbHOM YpPOBHE CO3J]aHa MEXBEAOMCTBEHHAs aBTOHOMHAs
ceTb HaOmogeHuss u jnaboparopHoro koHTposs (CHJIK). B Hee BKIIIOYEHBI YyUupeKICHHS
THJIPOMETEOCTYKObI,  37ApaBOOXPAHEHHUs, KOHTPOJHMPYIOIIUE PpPaAMOAKTUBHOE, XHUMHYECKOE,
Ouonornyeckoe M Jpyrde BHJBl  3apakeHHs, CIy)XObl OXpaHbl OKpY)KaloUled Cpemsl,
CEJIbCKOXO3SMCTBEHHBIE YUPEKACHUS, a TaKKE€ OpraHM3allMM U YUYPEKACHHUS MeEIHOpaluu U
BOJIHOTO XO035HCTBa, MUIIEBOW, MOJIOYHONW MPOMBIIUIEHHOCTH, MUHHUCTEPCTBA MOPCKOI'O U PEYHOTO
dioTa, myTei cooOLeHHs U T.11.

KoHTpomb 3a 06cTaHOBKON Ha XO35SHCTBEHHBIX 00bEKTAaX OPraHU30BaH CIEAYIOIIUM 00pa3oM.
Ha tepputopun Bcex MOTEHIUAIbHO ONACHBIX OOBEKTOB M MPHJIETAIONIEH K HUM TEPPUTOPUU
BEJIETCSI TOBCETHEBHBI KOHTPOJH 32 00CTaHOBKOHW. K MOTEHIIMANBbHO OMACHBIM XO3SMCTBEHHBIM
00BEKTaM OTHOCSATCS XMMHUYECKH, PaAHallMOHHO, TI0KapO-B3phIBOONIACHBIE, THIPOAMHAMUYECKUE U
Ouonornyecku omnacHble O0OBEKTh. KOHTPOJIL OCYHIECTBISAIOT CIYKOBI W TOJpa3JeseHUs
COOTBETCTBYIOIINX XO3IHCTBEHHBIX 00BEKTOB, OCHAIIEHHBIE BCEMH HEOOXOAUMBIMU TEXHUYECKUMU
CpelICcTBaMH, MarepuajaMu M OOydeHHbIM ImepcoHanioM. Ha Xo3siicTBeHHbIX O0OBEKTax, He
OTHECEHHBIX K KaTeropuH IMOTEHLIHUAIBHO OMACHBIX, KOHTPOJb 3a OOCTAaHOBKOW OCYIIECTBISIOT
TOJILKO MPU HETIOCPEACTBEHHOM Yrpo3e 3apa)KeHHs WM 3aTOIUIeHHs] 00BbEeKTa M Mpuieraromen K
HeMy TeppuTopuu. JJig 3TOro 3abIaroBpeMEHHO CO3/1al0T, OCHAIIAIOT M 00Yy4aroT HEOOXOIAMMBIC

dbopmupoBaHus (3BEHbsI, TPYIIIIHI, TTOCTHI CIICITUATBLHON pa3BEIKU, CBS3H).
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[ImanupoBaHue NEUCTBUI MO NPEAYIPEKACHUIO U JTUKBUAIALMH ITOCIEIACTBUI YpE3BbIYAHBIX
CUTYAIMi OCYIIECTBISACTCS OTIEIOM I10 JiejaM TPaKIaHCKOW 0OOPOHBI M UPE3BBIYAHHBIX CUTYAIIHHA
pecnyonuku Caxa (Skytus).

UpesBbIyaiiHas CUTYalMsl MOKET BOSHUKHYTh:

e 1pu OOHAPYKCHUH B OCHOBHBIX DJIEMEHTAX allapaToB TPEIINH, BBHITYYHH, MPOITyCKa raza u
JKUJIKOCTH, 3aII0TEBAaHUSI B CBAPHBIX IIBAX, pa3pbiBa MPOKJIAI0K;

® TIpW BO3HUKHOBEHHH MOXKapa HETIOCPEACTBEHHO YIPOXKAIOIIETO 000pYA0BaHUIO;

e [IpM T[OBBILICHWM JABJICHUS BbIIIE JOMYCTUMOIO TEXHUYECKOW XapaKTEPHUCTUKOU
anmnaparoB, apMaTypbl U TPyOOIIPOBOIOB;

® [IpU HEHCIPABHOCTU yKa3aTeleld U PEeryisiTOpOB YPOBHS M OTCYTCTBHUS APYTUX CIIOCOOOB
KOHTPOJI YPOBHS;

e n1pu OOHApY)KEHWU B BO3JyXE TIOMEHICHUH BPEIHBIX BEIIECTB, B KOHILIEHTPALMSIX
npesbimaronux [K;

® [IpU HEHCHPABHOCTHU MAHOMETPOB M OTCYTCTBUU BO3MOKHOCTH OINPEICIUTH JABJICHHE I10

JIpYTUM Ipudopam.

O} dexTuBHOCTh MepONpusATHil 1O obecredeHnto Oe30MacCHOCTU IKUZHEIEATEIIbHOCTH B
YPE3BBIYANHBIX CUTYAIUSIX BO MHOTOM OIPEACNISIETCS TOTOBHOCTBIO K JEHCTBUAM PYKOBOISIINX
opranoB u cwi1 PCYUC, a taxke pabouux, ciayKalux IpeanpusThs.

OcCHOBHOHM 3aJ1ayeil MOATOTOBKH SIBJISIETCS MNPAKTUYECKOE YCBOEHHE BCEMH KaTErOpUsSMHU
o0ydaeMbIX MX 0053aHHOCTEW B Upe3BbIUANHBIX cuTyanusx. Kaxgas kateropus o0y4aeMbIX UMeEET
CBOIO MPOTrpaMMy OOYy4YEHHs, KOTOpas peain3yeTcsi ¢ MoMoIbl0 Hanbosee 3¢hHEeKTUBHBIX GOpM U
METO/IOB MOATOTOBKH. PaOOTHUKY MpeanpusTuii 00y4aroTCcsi HEMOCPEICTBEHHO 10 MECTY PaOOTHI.

[Tpu curnane, u3BemaromeM o0 aBapuiHOM TMOJIOKEHUH, TIEPCOHAI HaJIEBAET U30JIUPYIOIIHE
WIM [UIAHTOBBIE MPOTHUBOTA3bl, MPEKPAIIAlOTCs PEMOHTHBIE PabOThI, YOAIAIOTCS B Oe30mMacHbIe
MecTa JIIOJM, HE YYacTBYIOIIME B JUKBUAAIMU aBapuiHOTrO TmojoxkeHus. OO aBapuitHOM
MOJIOKEHUU COOOIIAeTCs JeKYPHOMY JUCHETYEpYy, MNPUHUMAIOTCS MEpPhl IO YCTPAaHEHHUIO
MCTOYHMKA M0KApa, UCIOJIb3Ys JIJIsl TOTO CPEJCTBA MOKAPOTYILIEHUS] YCTAHOBKH.

OTtkimroyaeTcss aBapuiHBIA ammapaT WIM YYacTOK TPYOOINPOBOJOB, a MPU OTCYTCTBUH
BO3MOKHOCTH OTKJIFOUEHHUS WJIM TNPH Yrpo3€ YBEJIMYEHHUS pa3Mepa aBapvu OCTAHABIMBACTCS M
0CBOOOXIACTCS OT MPOIYKTa YCTAaHOBKA.

[Ipy BO3HMKHOBEHMM TOKapa B MPOU3BOJICTBEHHBIX IOMeNIeHusix kareropuh A u b
BEHTWIALUS C  MEXaHMYECKUM  TPHUBOJIOM  OTKIIIOYAETCS, 32 HUCKIIOYEHHEM  CHUCTEM,

MpeHa3HAYEHHBIX JUTISI MOJJaYH BO3yXa B TaMOyp-IIUTIO3bI TTIOMEIICHUH.
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[Ipu 3arazoBanHOCTH moMelieHui, gocrurmeit 20% HUXKHEro mpejena B3pbIBAEMOCTH rasa,
IIPOU3BOJUTCS ABTOMATHYECKOE BKJIKOYEHUE CHCTEMbl ABAPUWHON BEHTWISALMU OT JATYHUKOB-
ra30aHajan3aTopoB.

[lpu opraHm3anuy 3alIMTHl HACENCHHS B YPE3BBIYAWHBIX CHUTyallMsiX Ha He(TEra3oBBIX
MPOMBICJIaX MOTYT OBITh MCIOJB30BAHBI PAa3IMYHBIC CIIOCOOBI: ABAKyallusi HACENCHHS, YKPBITHE B
yOeXuIax 1 NpuMeHEHHe CPe/ICTB MHANBUAYAIbHOMN 3aIUTHI.

OO01iee pyKOBOJICTBO, IJIAHUPOBAHUE 53BAKYallMOHHBIX MEPONPUATHH U pa3paboTKy HX
OCYILIECTBIISIIOT opranbl ympasieHus no genam ['O u UC. HemocpeacTBeHHOE PYKOBOACTBO
HBAKyallMOHHBIMU MEPOIIPUATUSAMH YIIPABIIAIOT 3BAKYallMOHHbIE KOMUCCUH PA3JIMUHOTO YPOBHS.

s oGecrieueHuss HaE)KHOM 3alIUThI POU3BOICTBEHHOTO NIEPCOHANIA B TEUEHUE JIBYX CYTOK
u Oojee Ha TeppUTOpUU OOOPYAOBaHBI YOEKHMIA Al KOJIEKTMBHOW 3allUTHl B UPE3BBIYANHBIX
CUTYaLUsX.

Ha nedrera3oBbix npombIciax CpeaCTBA MHAUBUYATIbHOM 3aIUTHI U MEIULIUHCKHE CPEICTBA
XpaHATCA Ha CKJIa/iax, IPUYeM MECTO XpaHEHUs BHIOMpaeTcs ¢ TaKUM PacyeToM, YTOObI 00ECTIeUnTh
BbIJIauy CPEACTB 3alllUThl B KpaTuailiiue cpoku. [Ipu yrpose wiv BO3ZHMKHOBEHUM YpE3BbIYAHOM
CUTYallMU CPEJCTBA UHIMBUIyaJIbHOM 3aIUThI BHIAAIOT PAOOYUM U CIYXKAIIHUM.

Pa3pyiienne npon3BoICTBEHHBIX 3/1aHUH B OOJIBLIIMHCTBE CIIy4aeB BJIEUYET 32 COOOU MOJIOMKY
000pYyIOBaHUS U BBIXOJ U3 CTPOSi KOMMYHHMKAIMNA, HHXXEHEPHBIX ceTeid. OCOOEHHO YyBCTBUTEIBHBI
K BO3/ICHCTBUIO B3pbIBA pa3IMyHbIe TPUOOPBI.

YCTONYMBOCTh 3JaHUM M COOPYXKEHUW OT B3pbIBa JIOCTUIAETCS IOBBILIEHUEM UX
MEXaHUYECKOM MPOYHOCTH U OTHECTOMKOCTH. llexa, B KOTOPBIX pa3MELIEHO JOpOTOCTOAIIEe
0o0opyJ0BaHuE, 3aILUIIAIOTCSA JOMOJHUTEIBHBIMH YCTPOMCTBAaMH, BOCHPHUHUMAIOIIMMHU Ha ce0s
JTaBJIEHUE yJapHOW BOJHBI MM COOMPAIOTCS M3 JIETKMX KOHCTPYKIMHA HAa OCHOBE alOMHHHEBOIO
CIUIaBa, KOTOPbIE MPH Pa3pyLIEHWH B MEHBIIEH CTENeHU MoBpeasT obopynoBaHue. CoopykeHus,
/1€ XpaHATCS JIETKO BOCIITIAMEHSIOIINECS KUAKOCTH, 1eJIeCO00pa3HO OKPYkKaTh 0OBAIOBKOM.

B nienom no npennpusaTaio ypoBeHb obecrieuenus: 6ezonacHoctd B YC ocTaeTcst BBICOKUM, O
4eM CBHJIETENBbCTBYET OTCYTCTBHE 3a IOCIEIHHE HECKOJBKO JIET UPE3BBIUYANMHBIX CUTYyallUd, 4TO
00ycioBiieHO 3 (HEKTUBHOCTHIO TMPOBOJUMBIX OPTaHU3AIMOHHO-TEXHUYECKUX MEPONPHUATHNA TIO

oOecnieuennto Oe3omacHoct B UC.

6.4. Ouenka 3(ppeKTHBHOCTH Mep MO 00ecreYeHHI0 IKOJIOTHYecKoil 0e30MaCHOCTH
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B mpouecce mpouM3BOACTBEHHON NIEATENBHOCTH BO3MOXKHO YaCTUYHOE 3arpsi3HEHUE
BO3yIIHOTO OacceiiHa, Hep, BOJIOEMOB.

B cooTBeTCTBMM C HOPMATUBAMM TEXHOJIOTMYECKOTO MPOEKTUPOBAHUSA VISl IPEAOTBPAILCHHS
MOTA/IAaHUsl YTJIEBOJOPOIHBIX Ta30B B MPOU3BOJICTBEHHBIC TOMEUICHUS U aTMoc(hepy MpPOEKTOM
MPEeyCMOTPEHA TOJIHAS TePMETH3AlMs BCErO O0OpYyIOBaHMS, ammmapaToB W TPyOOompoBojoB. B
CBS3M C JTHM OTCYTCTBYIOT CHCTEMAaTH4YeCKHE BBIOPOCHI B aTMocdepy Tra3oB U IKHIKOCTH.
Bo3MOXHBI UL TEpHOJMYECKHE BEIOPOCHI U3 allllapaToB B aTMOcdepy nepe OCTAHOBKOW MX Ha
PEMOHT WM B aBApUUHBIX Ciydasx. [Ipm 3TOM KOJIMYECTBO COPOCHBIX Ta30B HE3HAYUTEIHHO U
aTMocdepa MPaKTUYECKU HE 3arpsi3HICTCS.

Ha ciyyail npeBblllIeHUs] 1aBJIEHUSI CBEPX MPETYCMOTPEHHOTO TEXHOJOTHUYECKHM PEXUMOM
000py/I0BaHNE OCHAIIEHO MPEJOXPAHUTENbHBIMU KllanaHamu. Bcs mpuHsTas 3amopHas apMarypa,
yCTaHaBlIMBaeMasi Ha TPyOONpOBOAAxX, TPAHCIOPTHPYIOIUX HEPTh, Ta3, KOHICHCAT, METAHOI,
COOTBETCTBYET IEpPBOMY Kiaccy repMmerudHoctd 3arBopa 1o [OCT  9544-2005, a
npeloXpaHuTeNnpHas anmnapaTtypa no nepsomy kiaccy no 'OCT 31294-2005. B npoun3BoACTBEHHBIX
MIOMENICHUAX, HacocHbIX, nepekaunBaromux JIBX, ycranaBnuarorcs JITX roprounx rasoB c
JTUCTAHIIMOHHBIM BKJIFOUCHUEM aBapUMHON BEHTHIISIINH.

C uenpl0 TPEAOTBpAIIEHUST 3arps3HEHUS] TOYB MPEAIPHUSITHE OCYIIECTBISICT CIEAYIOIINE

MEpOTIPHUATHS:

¢ [UJIJAHOMEPHO MPOBOJIUT OMOJOTHMYECKYIO0 PEKYJIbTHUBALIMIO HAPYIICHHBIX 3€MeNb MOCEBOM,
CIIENUATIbHO pa3pabOTaHHOW MJig YCIOBUN HE(TEra30KOHIEHCATHBIX MECTOPOXKICHHIA,
YHUBEpCAIbHON TPaBOCMECH;

® 3aXOpPOHCHHEC  TBEPAbIX OBITOBBIX OTXOO0B, YTUJIA3anusa CTPOUTCIIBHBIX  OTXOJ0B
MIPOU3BOJUTCS Ha CHEUANIbHBIX MOJIUTOHAX;

® XpaHEGHHE TOPIOYE-CMA30YHBIX MaTEPHAIOB, METAaHOJA, TPOU3BOJUTCS B EMKOCTSX,
YCTaHOBJICHHBIX Ha OCETOHMPOBAHHBIX IUIOMIAJIKAX C HAASKHONW THIPOU3OIAIUEH U
00BaJIOBKOI;

¢ TMNCPCABUKCHUC IO TYHAPC TSKEION TEXHUKH pa3pemacTCsa TOJIbKO B 3UMHUHI nepuona.

Jns cOpoca XKUAKHX CTOKOB U OTXOJOB IPEIYCMOTPEHBI JIBE CHUCTEMbI KaHAJTU3AIMH:
XO035ICTBEHHO-OBITOBAs U MIPOMBIIIJICHHAS.

[IpoMbINIIIEHHBIE CTOKH, COAEPIKAIIME 3HAYUTEIbHBIE KOJUYECTBA 3arpA3HSIOIINX BEIIECTB,
He noajaroumxcs 3(pQPeKTUBHON OYUCTKE, YTHIM3UPYIOTCS 3aKayKoW B IJIacT, MpeaBapUTENIbHO
Ipoiis OYMCTKY Ha (IIOTALMOHHBIX YCTaHOBKaxX. D()(EKTHBHOCTH OYMCTKHM CTOYHOW BOJBI Ha

KOCax moOCTOSHHO KOHTpoJupyeTrcs paOOTHUKAMH TEXHOJOTHUYECKOW M  BEIOMCTBEHHOMH
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nabopaTtopueil oxpaHbl OKpyKatomei cpeabl. COpOC HEOUHIIEHHBIX U HE00e33apaKeHHBIX CTOKOB
KaTE€rOpUYECKH 3alperiaeTcs.

OtnenoM 1O OXpaHe OKPY)KAIOIIEH Cpedbl BENETCS MOCTOSIHHBIA KOHTPOJb KOJIMYECTBA
BbIOpDOCOB  BpeAHbIX BemiecTB. [lpy  yBeNIMYEHMM JIOIYCTUMOIO  KOJIMYECTBA BBIOPOCOB
IPUHUMAIOTCST HE3aMEJITENIbHO MEphl 10 CHMKEHUIO BBIOPOCOB B OKPYKAIOLIYIO Cpely U

OKOJIOTHMI0 BEACHHNA TEXHOJIOTMYCCKUX ITPOLECCOB.

6.5. BbIBoaBI 0 pa3eiry

e Ha npemnmpusiTim  JOCTUTHYT  JOCTaTOYHO  BBICOKMH  YpOBEHb  OOeCTieueHUs
MIPOM3BOJICTBEHHOW 0€30MMaCHOCTH, 3aIUTHI B YPE3BBIYAWHBIX CUTYAIUSIX U IKOJIOTUIHOCTH
1pH 100brue He()TH U rasa.

e PaccmarpuBaembple B JUIUIOMHOM TIPOSKTE MEPONPHUATHS HE CHIKAIOT YpPOBEHB

0€30I1aCHOCTH.
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3AKVIIOYEHUE

Ilenpto nmaHHOW pPaOOTHI SBISJIOCH OICGHKA MPUMEHHUMOCTH TEXHOJOTHH YCTaHOBKHU
razoruapatHoro 6apoepa Ha ypoBHe ['HK s 3amensenus konycooOpa3oBaHUs ra3a U3 ra30BOM
HIAIKH.

B nanHO#i paboTe OBUIO TOKA3aHO, YTO C TEXHOJIOTMYECKONM W IKOHOMHYECKOH TOUYEK
3peHMUs], JaHHAsI TEXHOJIOTHUS SIBJISIETCSA NMEPCIEKTUBHON B YCIOBUSAX HU3KOTEMIIEPATypPHBIX IJIaCTOB
razoHe(TSHBIX ¥ Ta30HEPTEKOHEHCATHBIX MecTopokaeHui Bocrouynoit Cubupu. C momoIsio
HHCTPYMEHTOB THapoauHamuueckoro moaenuposanust (ITIO Petrel) u skoHOMHUYeckoro aHaimsa
OBUTH MPOU3BEACHBI MOATBEPXKAAIOIINE pacueTbl. Kpome TOro, aHamuTHYECKUMHU METOJIaMH OBLIO
nokaszaHo, yTo B ycioBusix HI'KM J[ Gypenue ropu3oHTaIbHBIX HarHETATEIbHBIX U JTOOBIBAIOIINX
CTBOJIOB SIBIISIETCS 0OJiee ONTUMATIbHBIM, 4YeM OypeHHe BEPTUKAIbHBIX CKBAaXHH, HCXOAS W3
MOJyYEHHBIX KPUTHUECKUX JI€OUTOB KOHYCOOOpa30BaHUSI.

OnmHako CTOMT TIOMHUTH, YTO KaXJ0€ MECTOPOXKIEHHWE YHUKAJIbHO II0 CBOUM
TCOJIOTUYCCKUM M (U3UKO-XHMHUYECKUM YCIIOBUSAM. [1o3TOMy cyiiecTByeT OONbBIIOE KOJIMYSCTBO
HEONPEIEICHHOCTEN, KOTOPbIE HWIPAlOT BaXXHYK POJb B CTENEHU YCHEIIHOCTU HMPUMEHEHUs

TEXHOJIOTUHU YCTAHOBKH I'a30TUAPATHOT'O 6apbepa. K HumM oTHOCSTCS:

e (CreneHp MHUHEpAJIHU3aIIun IUIACTOBOM BOAbI M €€ BJMAHHMEC Ha YCJIOBHUIA O6D&30BaHI/I$[ u

CTaOUIILHOTO CYIIIECTBOBAHMS T'a30BBIX THMAPATOB B ILIACTE. B ra3oHACBHIIIEHHOM YacTH

IUIACTOBasi BOJA IPHUCYTCTBYET B CBA3aHHOM COCTOSIHMH, OJHAKO 3aKauKa MPECHON BOJBI
M3BHE MOJKET €€ aKTUBU3UpoBaTh. [Ipy cMeleHnn BHENIHEN U MJIaCTOBOM BOABI U3MEHUTCS
o0miass CTeneHb MMHEPAIM3alMM, YTO MOXKET IOBJIeYb 3a CcO0OM CcABHUI (pa30BOro
paBHOBECHSI Fa30TUIPATOB.

e PacmpocrpaHeHWe 3akauMBaeMoOil BOJBI B InIacTe. [liomamHoe pacnpocTpaHeHHe

3aKa4MBaeMoOi BOIBI HaMpsaMyro BJIMACT Ha pasMEp U MPOHUIACMOCTH TIa30THApPaTHOTO
6apLepa, a COOTBETCTBCHHO, Ha KAa4CCTBO I'a30M30JIALNH.

o AKTUBHOCTB aKBI/Id)eDa. SIBmsieTcss OOMHOM M3 CaMBIX OOJIBIIHNX HCOHpC,Z[CJICHHOCTGfI. B

clyyae ecad  akBU(ep  aKTUBHBIM, BeIMYMHA  KpPUTHYECKOro jaebura  Oyxer
KOHTPOJMPOBATBCA HE TOJBKO BEPOSATHOCTBIO OOpa3oBaHUS KOHyca Tas3a, HO U
BEPOATHOCTHIO (POPMUPOBAHUS KOHYCA BOJIBI.

e BeposaTHOCTh 00pa30oBaHWs BTOPUYHOW Ta30BOW IMamku. Pa3HuIa Mexay IIacTOBBIM

JTaBJICHHEM B HE(PTSHOM OTOPOYKE M JaBIIEHMEM HaChIIeHUs HedTu cocraBuser 1-2

atMocdepsl. B ciydae HedTH ¢ G0IBIINM Tra30BbIM (AKTOPOM YBEJIUYHBAETCS OMACHOCTH
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o0pa3oBaHUsI BTOPUYHOM Ta30BOM IIANKKM MOJ Tra3oTHApPaTHBIM  OapbepoM, U

COOTBETCTBEHHO, BEPOATHOCTD (bOpMI/IpOBaHI/ISI BTOPHUYHOT'O I'a30BOI'0O KOHYCA.

I/ICXOZ[H N3 BCETO BBINICCKA3aHHOI'0, TCXHOJIOIUA TIa3oruapaTHoro 6apbepa SABJIACTCA
HepCHeKTHBHOﬁ, OJHAaKoO Tpe6yeT TIOATCJIIBHOT'O aHaJIn3a BCEX HeOHpeI[CHCHHOCTGI;'I U H3Y4YCHUA
IJIACTOBBIX YCJIOBI/Iﬁ KOHKPETHOTO MCCTOPOXIACHUSA Ui YBCIMYCHUSA BCPOATHOCTU YCICHIHOTO

MMPUMCHCHUA I[aHHOfI TCXHOJIOTHH.
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