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CIHOCOBBI OITPECCOBKH OKCINIYATAIIMOHHBIX KOJTOHH
TEXHOJOI'MYECKUX CKBAXKUH CKBAKHHHOI'O
IHOJA3EMHOI'O BBIINEJTAYNBAHUWSA YPAHA

HBanos A.T.

AO «Benymuii Hay4HO-UCCIIE0BATEILCKUN U IPOEKTHO-U3BICKATENbCKUI HHCTUTYT MPOMBIIIEHHOW TEXHOJIOT UMY,
Mocksa, Poccus

Annomayus. IlocraHoBKa 3a1a4M (AKTYaJILHOCTH PadoThI). DKoJornueckas 6€30MacHOCTh T0OBIUM ypaHa METOAOM
CKBXHWHHOT'O IMOA3EMHOI0 BhIICIaUYMBaHUA ONPEACTIACTCA NrEPMETUIHOCTBIO OKCIINTYaTaAllMOHHBIX KOJIOHH TEXHOJIOTU-
YECKUX CKB)XXHMH Kak IPH COOPYKEHUH, TaK U B Tpolecce dKCIUTyaTauu. [IpuMeHsieMble METo/ibl reo(pU3MYECKUX HC-
cnenoBaHuil (TOKOBBIN KapoTaK, pacXxoJOMETpHsi, MHIYKIIMOHHbIN KapoTaXk) HE IO3BOJAIOT ONPEAEIUTh HCTHHHYIO
BEJIMYMHY yT€4eK pabouuX pacTBOPOB B 3aKOJOHHOE IPOCTPAHCTBO, MOCKOJIBKY BBEIMOJHSIOTCSA B PEXXHMMax, HE BCET/a
COOTBETCTBYIOIIMX Pab0OuMM pexXuMaM CKBaKMH IpH uX 3kciuryatanud. Ileab padorsl. PaccMoTpeHue BOpocoB Ko-
JIMYECTBEHHOTO OMPEJNECNICHNUSI YTeUeK Yepe3 HapyIIeHHsS T'€PMETHYHOCTH AKCIUTyaTallMOHHBIX KOJOHH (TIpenMyliie-
CTBEHHO M3 MOJMMEPHBIX MaTEPHAIOB: TPYO M3 MONMATIICHA HU3KOTO JIAaBJICHNS WM HEIUIACTH()UIIMPOBAHHOTO MOJIH-
BUHMIIXJIOPHA) C MPUMEHEHHEM DPAa3JIMYHbIX BHAOB ONPECCOBOYHBIX areHTOB: CXKATOTO BO3[YyXa, KHIAKOCTH, CHCTEM
XKHUIKOCTh — CXKaTbIM BO3MyX. B HacTosmel craThe MPUMEHEH METO aHaIN3a THAPABIMUYECKUX HAarpy3o0K, AEHCTBYIO-
IMUX Ha 3KCIUTYaTaHMOHHYIO KOJIOHHY IPU BBITIOJJHECHUU Pa3JIMYHBIX BAPUAHTOB OIIPECCOBOK C UCIIOJIL30BAHUEM pa3-
JIMYHBIX BUJAOB ar¢cHTOB. B HaCTOfIH.Ieﬁ pa60Te ABTOPOM BIICPBBIC BBITIOJTHEH aHAJIU3 PA3JIMYHBIX BAPUAHTOB OIPECCOBOK
OKCILUTYaTalMOHHBIX KOJIOHH TCXHOJIOTUYCCKUX CKBaXXWH CKBAXXMHHOT'O MOJA3CMHOTO BBIMICITIAYUBAHUA TPUMCHUTCIIBHO
K 100b1ue ypana. Pe3yabTar. B pe3ynbraTe BHIIOTHEHHON pabOThl 000CHOBAHBI BApUAHTHI ONPECCOBOK JIJISi CKBAXKHH,
paboTaruyx B pe)KMME HarHeTaHusi pabouMX pacTBOPOB 0] M30BITOUYHBIM JiaBieHHeM. [IpakTHYeckast 3HAYMMOCTb.
BbInosHeHHbIH aHaAIM3 MO3BOJISIET ONPENENIUTh PAllMOHAIBHBIM BAPHAHT OINPECCOBKH C MapamMeTpaMH JIaBlICHHs OTpec-
COBOYHOTO areHTa, COOTBETCTBYIOMIMMH Pad0OvYeMy PEKUMY SKCIUTyaTal[Md TEXHOJOTHYeCKHX ckBaxuH. [lo pesynbra-
TaM BBIIIOJIHEHHOTO aHaJIM3a aBTOPOM CJEJIaHbl IPAKTHYECKHE BBIBOABI 110 IPUMEHEHUIO PAa3IMYHBIX METOZOB OIpeie-
JICHUS] TePMETUYHOCTH SKCIUTyaTallMOHHbBIX KOJIOHH.

Knroueswvie cnosa: YpaH, 2[0651‘13, TCXHOJIOTMYCCKUEC CKBAXWHBI, SKCILTyaTallUOHHAsA KOJIOHHA, OIIPECCOBKA, OIPECCO-
BOYHBIC ar€HTbI, TCXHUYCCKUEC CPCACTBA, paS)KHMHOﬁ nakep
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PRESSURE TESTING METHODS FOR PRODUCTION STRINGS
OF PROCESS WELLS OF URANIUM IN-SITU LEACHING

Ivanov A.G.
JSC Design & Survey and Research & Development Institute of Industrial Technology, Moscow, Russia

Abstract. Problem Statement (Relevance). Environmental safety of uranium mining by in-situ leaching is deter-
mined by tightness of production strings of process wells both during construction and operation. The applied meth-
ods of geophysical surveys (current logging, flow measurement, induction logging) do not determine the true value
of leaks of working fluids into annular space, since they are performed in modes that do not always correspond to the
operating modes of wells during their operation. Objective. The research is aimed at considering the issues of quan-
titative determination of leaks due to break of tightness of production strings (mainly made of polymeric materials:
pipes made of low-pressure polyethylene, HDPE, or unplasticized polyvinyl chloride, PVC), using various types of
pressure testing agents: compressed air, liquid, liquid — compressed air systems. This article describes an applied
method of analyzing hydraulic loads, acting on the production string, when performing various types of pressure
tests with various types of agents. The author is the first to analyze in this paper various options for pressure testing
of production strings of in-situ leaching process wells in relation to uranium mining. Result. The conducted studies
result in providing a rationale for the options for pressure testing of wells, operating in the mode of injection of
working fluids under excessive pressure. Practical Relevance. The performed analysis determines a rational option
of pressure testing with the pressure parameters of the pressure testing agent, corresponding to the operating mode of
operation of process wells. Based on the results of the analysis performed, the author made practical conclusions on
the use of various methods for determining tightness of production strings.

Keywords: uranium, mining, process wells, production string, pressure testing, pressure testing agents, technical
means, expansion packer
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BBeagenune

Cpenyu BOIpOCOB, peIIaeMbIX HPEANPHATHSIMH, Be-
IYyIIUMH  J00BIYy METaUIOB METOAOM CKBa)KHHHOTO
nmoa3emMHoro BeimenaunBanus (CIIB), BaxHeHmHUM sB-
JISIeTCs MPEIOTBPAIeHUE 3aTPSA3HEHUS HEJp BCJICICTBHE
yTedeKk pabodymx pPacTBOPOB B 3aKOJIOHHOE IPOCTPAH-
CTBO dYepe3 HapymIeHHUs LEeJIOCTHOCTH 3KCIUTyaTalnOH-
HeIx KoJoHH (OK) TexHonormueckux ckBaxkunH. CBoe-
BpEMEHHasl OLICHKAa COCTOSIHUS KOJIOHH HarHeTaTeNbHbIX
CKBaXXHH, pabOTalOUIMX I10J W30BITOYHBIM JaBJICHHEM
pabounx pacTBOpOB, ITOJIaBaEMbIX KaK B PEXHUME CBO-
00HOTO HalWMBa, TaK U MOJ JaBJICHUEM, [TO3BOJISET BbI-
Opatb Heo0X0aAMMYIO (B 3aBUCHMOCTH OT BEJIMYUHBI
YTEUKH) TEXHOJOTHI0 PEMOHTHO-BOCCTAHOBHUTEIHHBIX
pa6ot (PBP) wiu cnenaTe BBIBOJ O MpEKpalIeHUH dKC-
TUTyaTalui CKBOXUH U WX JTUKBuparuu [ 1-4].

CKBa)XHHHOE I10JI3EMHOE BBIIICTIAYNBAHHE SBISICTCS
CaMBIM H3BECTHBIM M O€30MacHBIM METOJOM J0OBIYH
ypana. Ero momnst mocturaer 60% B oOmIepoccHiicKoi
no0b1ae aroro Meramia. OTaenbHBIE MPOOIEMBI COOPY-

JKEHHH M 9KCIUTyaTallMi TEXHOJIOTHYECKHX CKBOKHH U UX
Oe3omacHo# paboTHI OMyOIMKOBAaHBI B Pa3MYHBIX pado-
Tax [5-7]. B Hacrosmei pabore aBTOPOM BIIEPBBIC pac-
CMOTPEHBI BOIPOCHl ONPECCOBKH  IKCILTyaTalMOHHBIX
KOJIOHH JOOBIYHBIX CKB)KHH VISl ONPEJESICHUS] KOJIue-
CTBEHHBIX IIapPaMETPOB BO3MOXKHBIX yTeueK pabouux pac-
TBOPOB Yepe3 HErepMEeTHYHbIE YYaCTKH KOJIOHH.

B pabore BrepBbie pacCMOTPEHBI BApHUAHTHI OTIPEC-
coBok DK TeXHOIOTHYECKUX CKBAXKHH KaK ajbTepPHATH-
Ba reo(pU3MYECKUM METOAaM ONpPENeNIeHUs LeIOCTHOCTH
KOJIOHH, TIPEXIE BCEro HarHeTaTeJbHBIX CKBa)KHH, pa-
OoTaromuUx B PeKMME NOJaudl BBINIENAYNBAIOIINX pac-
TBOPOB 1101 U30BITOYHBIM JAaBJICHUEM Ha YCThE.

MaTepua.nLl H METOAbI HCCJICI0OBAHUSA

ITpu mpoBeneHNM TEOPETHIECKUX PabOT MPUMEHSII-
Cs TUAPABINYECKHN aHAIM3 CIIOCOOOB OMNpEICICHUS
repMeTnaHOCTH DK, OIleHKa MPUMEHHUMOCTH Pa3JINIHBIX
OIIPECCOBOYHBIX AareHTOB, pa3pabOTKa BapHaHTOB HX
UCHOJIb30BaHUS.
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ABTOpY HEHM3BECTHBI IMyOJIMKALUK 10 paccMaTpUBa-
€MOMY BOIPOCY, IOCKOJIBKY pa3paboTKa M BHEApPEHUE
Merona ompeccoBkrn DK BmepBple OBUIM BHITIOJTHEHBI
IOJl €r0 PYKOBOJACTBOM Ha OJHOM H3 MECTOPOXKICHHH
PecrryOnmku Kazaxcran u paHnee pe3ynpTaThl paboT HE
mybmukoBanuck. B Poccuu Takue paboTh 1o HacTosIIe-
IO BPEMEHH HE MMPOBONINCE.

Jlo HacTosAmero BpeMEHH Haubolee pacrpocTpa-
HeHHBIMH Ha npeanpusatusix CIIB meronmamu oreHkn
nesiocTHocTH mojuMepHbix DK sBisitoTcst reogusnde-
ckue uccnegoanus (I'MC). MeToasl 31eKTpUYECKOTO
KapoTaxka (UKCHPYIOT yTE€YKH TOKa 4epe3 HapylleHHe
repMetuyHocTH DK, HO HE AalOT NpeACTaBICHUS O YHC-
JICHHOH BENMYMHE yTEUKU. METOX pacxoAOMETPUH MO3-
BoJIsieT (puKCHpoBaTh cocTosiHue DK B pexume cBoOO0 -
HOTO HaJMBa, KOTOPBIM HE BCErZla COBNAAAET C PadOINM
pPSXUMOM pabOTHl CKBa)KHH, HANpUMeEp IIPH IoJade
BEIIIeNaunBatommx pacteopos (BP) B OK narmerartems-
HBIX CKBQ)XHMH IOJ JaBieHHeM. [Ipum 3ToM naBieHue
monayd BP MoeT mpeBbIIIaTh JaBICHHE CTOJIOA KU I-
KOCTH B ckBaxkuHe j0 1,0-1,5 MITA.

B cBs3u ¢ 3TMM BO3HHKaeT BONPOC OMpEIeNICHUsS
repMeTnyHOCTH DK U KOJIMYECTBEHHOH OLIGHKH YTEUKU
KHUJIKOCTH B 3aKOJOHHOE NPOCTPAHCTBO MPSIMBIMU Me-
tonamu. OTHUM M3 TaKUX METOJIOB MOXET OBITH oIpec-
COBKa KOJOHH. BO3MOXHBI clenyromye OCHOBHBIC €€
BapHaHTHl B 3aBHCHMOCTH OT HPUMEHSIEMOTO arcHra:
ra3oM, >KUAKOCTHIO, CHUCTEMOM XHIKOCTh-Ta3. OueHuM
BO3MOJKHOCTb M OOJIACTH NPUMEHEHHS KaKJOro M3 Ie-
PCUNCIIEHHBIX areHTOB C TOYKH 3PEHHS COOTBETCTBHS
YCIOBUI peanbHBIM HAarpy3kaM Ha JKCIUTYaTaIllHOHHYIO
KOJIOHHY B IIpolecce paboTsl CKBa)KMHBI, ONPEACICHHS
3aMepsAeMBIX apaMeTPOB U MOJIYIaeMBIX PE3yIbTaTOB.

[Ipu BBIMONHEHHWHU aHaAJIM3a MPUHUMAETCA TEXHOJIO-
ruueckas CKBakKMHA, oOJiajaromias HauOojiee OOIMMU
XapaKTepUCTUKAMHU:

— HarHeTaTeJbHas;

— paboTaroniast B peXXxuMe NMPUHYIUTEIBHOHN moja-
YH PacTBOPOB MpPH M3OBITOYHOM HaBJIEHUH Ha YCThe Pp
(MITa);

— HapymeHue nenoctHoctn JK pacronoxkeHo B
oOyacTy BBIIIENEKAMET0 KOHTAaKTHOTO BOJOHOCHOTO
TOPU30HTA CO CTATUUYECKUM YPOBHEM HMXKE MOBEPXHO-
CTH ¥ MMEIOIIETO THAPABINYECKYIO CBSI3b C BHYTPHKO-
JIOHHBIM TIPOCTPAHCTBOM.

[Tox KOHTaKTHBIM BOJAOHOCHBIM TOPH30HTOM OyaemM
ITOHUMATh TOPU30HT, UMEIOMINK THAPABINYECKYIO CBS3b
C BHYTPHKOJIOHHBIM NPOCTPAHCTBOM Hepe3 HapyIICHHE
LEIOCTHOCTU KOJIOHHBI.

[IpunsTO, YTO NaBlIEHHE ONPECCOBKM paBHO pabo-
YeMy JaBJICHHUIO JKHJIKOCTH Ha INIyOMHE YCTaHOBKH Ta-
kepa. CpaBHEHHE O3IIOpP BHYTPHUKOJIOHHOTO JaBIICHHUS
CKBaXXMHBI B pab04eM pPEeKUME M IIPH OIPECCOBKE ra3oM
(puc. 1) mokaspIBaeT, YTO 3TOT BApHAHT HE COOTBET-
CTBYeT pealbHBIM HAarpy3kaM Ha KOJIOHHY B pabodem
PEKIME CKBAXKHHBI.

OTO CBSI3aHO € TEM, UTO JABJIEHUE Ta3a MpU OIpec-
COBKE OJMHAKOBO AJISi BCErO MHTEpBalla KOJOHHBI, 3a-
MOJTHEHHOTO Ta30M, BKJIOYas yJacTOK HapYIICHUS Iie-
JOCTHOCTH. B peanmpHBIX jX€ YCIOBHAX cOOIIOnacTcs
CIIEyIOIIee COOTHOILICHNUE:

P,=00lp, -H+P,, @)

rae Py — BHYTPUKOJIOHHOE AaBJICHHUE XXUIKOCTH HA TIIy-
ounre H, Mlla; H — rimyOuna onpeneneHus JaBICHAS OT
YCTbSI, M; Py — IUIOTHOCTh XKHIKOCTH B IKCILTyaTal[HOH-
HOM KOJIOHHE, r/em’.

TakuM 00pa3oMm, ra3 HE MOXKET OBITh UCTOIH30BAH
Ui oryderns wmHpopmamuu o repMmerudHocTH OK B
pa60qu PEXKUME CKBaXWHBI U IJId KOJUYCCTBCHHOI'O
OMPEACIICHUA BCIWMYHUHBI YTCUCK IJKHUIAKOCTU YE€pPE3
HAPYIICHHUS [[EJIOCTHOCTH KOJIOHH.

IIpu co3maHum Ha yCThe CKBA)XKMHBI HM30BITOUHOTO
JaBiaeHus P, mo cxeMe, NpUBEIEHHONW Ha pPUC. 2, MOKHO
BBI3BaTh BHYTPHUKOJIOHHBIC HArPY3KH, COOTBETCTBYIOIIUC
HATrPY>KCHUIO KOJIOHHBI B pabodyeM pexume. B cioydae
€CJIH TePMETUYHOCTH KOJIOHHBI OICHUBACTCS MOomadeit
(hUKCHpOBaHHOTO 00BEMa KHIKOCTH W CO3JAaHHEM Ha
yCThe U30BITOYHOTO JaBIICHUS Pp C TOCICIYIONIINM H3ME-
PEHHEM ero MmajaeHUs, He MPEICTaBIACTCS BO3ZMOKHOCTH
KOJIMYECTBEHHO OLICHUTH YTEUKH >KUIKOCTH Yepe3 Hapy-
IICHHE ILEJIOCTHOCTH KOJIOHHBL. JTO OOBIACHACTCS TEM,
YTO BENMYMHA YTEUKU TPH TAaKOM CIIOCOOE IMPOBEACHUSL
paboT OymeT 3aBHUCETh OT MEPEMEHHOI0 3HAYCHUS JaBJie-
Husl, cHWxarouierocst ot Pp 10 0. Kpome toro, nocie na-
JCHUA OaBJICHUA Ha YCTbE CKBAXXWUHbBI 10 0 IIOHMXCHU S
YPOBHA KUAKOCTU BCJICIACTBUE HEPASPBLIBHOCTU IOTOKA
MIPOUCXOJUTHh HEe OyAeT, TO €CTh KOJIOHHA OCTaHETCs 3a-
MOJTHEHHOW JKUJIKOCThIO. BcrnencTBue 3Toro BeIOOp B
Ka4yeCcTBE 3aMepseMOro mapamerpa IMOJOKCHHS YPOBHS
KHUJIKOCTH B KOJIOHHE HEIPAaBOMEPEH.

TakuM 00pa3oM, OIIPECCOBKA KHUIKOCTHIO MO3BOJISI-
€T clenaTtb BBEIBOJ O COCTOSHHH T€PMETHYHOCTH IKC-
IUTyaTallMOHHBIX KOJOHH IO TAaJCHUIO JaBICHUS Ha
YCThe CKBaKHHBI M HE MO3BOJIICT KOJMYECTBEHHO OTIpe-
JISIATH YTEUKY AJIs pabodero pekuMa CKBa)KUHBI, KOT/1a
Py = const u AQ = const.

PaccMoTpruM BO3MOYKHOCTH BBIITOJIHEHHUS OMPECCOB-
KU C UCIIOJB30BAHUEM CUCTEMBI KXKHUIAKOCTbh-Ta3. 3Ta CHu-
cTeMa TMpeanojaraeT 3amojHeHue HmkHeld dactn DK
JKUJKOCTBIO, 4 BEpPXHEH — ra3oM IOJ JaBICHUEM Pp.
IIpu npoBencHuH pabOT C HCIOJIH30BAHHEM CHCTEM
KUIKOCTh-T'a3 BO3MOKHBI CIICAYIOUINEC BAPpHUAHTHI:

— coznaHue U30BITOYHOTO pabovero JaBJICHUs raza
Ha yCThe 0€3 IMPeaBapUTEIHLHOTO IOJHBA KHIKOCTH B
KOJIOHHY BBIIIEC CTATUYCCKOTO YPOBHA KOHTAKTHOI'O BO-
JIOHOCHOTO ropu3oHTa (puc. 3);

—  co3JIaHue U30BITOYHOTO pabovYero AaBIICHUS Ta-
3a C JIOJIMBOM JKHJKOCTH JO YCThs IKCIUTYaTallHOHHOM
KOJIOHHBI (pHc. 4).
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Puc. 1. OnpeccoBka dKCILTyaTal[MOHHBIX KOJIOHH ra3oM: a — pacueTHas cxema: 1 — ckBaxuna; 2 — OK; 3 — punbtp;
4— OTCTOﬁHHK; 5— MaTepual ruApOU30JIALINN, 6— pa306mafomaﬂ MaHXXETa, 7 — MecTO HapyICeHUs HEJIOCTHOCTU
3K; 8 — MpOIyKTHBHBIN TOPU30HT; 9 — KOHTAKTHEIA BOAOHOCHBIH TOpU30HT; 10 — BHYTPUKOJIOHHKIA pa300IIaroHit
makep; 11 — onpeccoBounas rosoBka; 12 — manoMmetp; H,; — riTyOHHA CTaTHYECKOTO YPOBHSI KHUIKOCTH
MPOAYKTUBHOI'O U KOHTAKTHOI'O BOAOHOCHOI'O TOPU30HTA OT TOBEPXHOCTH, M; HnJT — Hanop XUJAKOCTHU
MMPOAYKTHUBHOI'O U KOHTAKTHOI'O BOAJOHOCHOI'O TOPU30HTA HAJ KpOBHCﬁ, M, Hn — FJIy6I/IHa YCTaHOBKHA
BHYTPUKOJIOHHOT'O Pa300IIalolero nakepa ot moBepxXHOCTH, M; Hy, — riryOrHa HapylIeHust HEeIO0CTHOCTH
3KCHHyaTaHI/IOHHOﬁ KOJIOHHBI OT MOBEPXHOCTHU, M; 6 — AuarpaMMbl BHYTPUKOJIOHHBIX }IaBJ'IeHI/If/'IZ
| — mpu onpeccoBke, |l — rugpocraTueckoe napnenwue; |11 — B skcIuTyaTallnOHHOM peXUMe

Fig. 1. Pressure testing of production strings with gas: a is a design scheme: 1 is a borehole; 2 is a production string;
3is afilter; 4 is a sedimentation tank; 5 is a waterproofing material; 6 is a separating gasket; 7 is a break
of tightness of the production string; 8 is a productive horizon; 9 is a contact aquifer; 10 is a string isolation
packer; 11 is a test head; 12 is a pressure gauge; H,, is depth of a static fluid level of a productive and contact
water-bearing horizon from the surface, m; H,, is liquid head of a productive and contact water-bearing horizon
above the roof, m; H,, is depth of installing a hook wall isolation packer from the surface, m; H,, is depth
of breaking of integrity of a production string from the surface, m; 6 is string pressure diagrams:
| is during pressure testing, 1 is hydrostatic pressure; Il is in an operation mode

[lpu mpoBemeHMU PabOT MO MEPBOMY BapHaHTy HPH
HAJIMYHUN THAPABIMYCCKON CBSI3U MEXIY BHYTPHKOJIOHHBIM
MPOCTPAHCTBOM W KOHTaKTHBIM BOJIOHOCHBIM TOPHU30HTOM
co3/laHne M30BITOYHOTO JABJICHHS Ta3a Ha YCThE COMPOBOXK-
JIaeTCsl IOHIKEHHEM YPOBHS KUJKOCTH B KOJIOHHE, KOT/a
Ha TpaHuIle paszzena (a3 naeieHue P, co CTOPOHBI Ta3a Oy-
JIET YPaBHOBCIIMBATHCS [ABJICHUEM KHUAKOCTH P, KOH-
TaKTHOTO BOJIOHOCHOTO TOPHU30HTA, TO €cTh Py = P, AHa-
JIU3 ATOTO BapHaHTa MOKA3bIBaeT, YTO TMOCHe cTabMIM3aIn
MOJIOXKEHUSI YPOBHS >KUAKOCTH B IKCILUTyaTalIMOHHOM KO-

74

JIOHHE M3-32 OTCYTCTBHS IIEPETOKOB XKUIAKOCTH Yepe3 Hapy-
IICHUSI LIEJIOCTHOCTH JABJICHHE Ta3a He OyJeT CHIKAThCS.
[ToaTomy ompenenuTy T€pMETUYHOCTH KOJIOHHBI IO Tajie-
HHIO JIABJICHUSI ra3a MocJje ero cTabiiIn3aliu Py MOCTOSH-
HOM Harope >KHIKOCTH KOHTaKTHOTO BOJOHOCHOTO T'OpH-
30HT2 HEBO3MOXKHO. B 3TOM ciiyuae 3amojHeHHBIH ra3zoM
BEPXHUH y4acCTOK 3KCIUTyaTallMOHHOW KOJIOHHBI IPENICTaB-
JseT co00M BO3IYIIHBIN ieMIdep C MOCTOSHHBIM JJABIICHH-
eM raza (0e3 ydera M3MEHEHHI BCIIEACTBHE €TI0 PACTBOPH-
MOCTH B JKHJIKOCTH U TEMIIEPATYPHBIX KOJICOAHMIA).
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Fig. 2. Pressure testing of production strings with liquid (the legend is the same as in Fig. 1)
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Puc. 3. OHpeCCOBKa CHCTEMOU JKHJIKOCTh-Ia3 0e3 3aI0JIHEHHS OKCIITYaTallMOHHBIX KOJIOHH KUAKOCTBIO 10 YCThA
(0603Ha‘l€HI/Iﬂ TC KE, YTO HaA pHC. 1 ) P"JT — IJIACTOBOC NABJICHHUEC XXUAKOCTH KOHTAKTHOI'O BOJOHOCHOI'O

TOPH30HTA Ha TpaHHMIle pa3zaena $a3 ra3-Kuakocts, MIla)

Fig. 3. Pressure testing with the liquid-gas system without filling the production strings with liquid to the mouth
(the legend is the same as in Fig. 1; P, — reservoir pressure of a contact water-bearing horizon
on the gas-liquid phase boundary, MPa)
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Puc. 4. OHpeCCOBKa OKCIITYaTalMOHHBIX KOJIOHH CHUCTEMOH JKHUIOKOCTbh-Ta3 C 3aII0JJTHCHUEM KOJIOHHBI ) KUAKOCTBIO
10 ycThs (0003HaYCHHS Te XKe, 9TO U Ha pHc. 1; 13 — mpoOka ¢ MepHOil peiKoii)

Fig. 4. Pressure testing of the production strings with the liquid-gas system with filling the strings with liquid
to the mouth (the legend is the same as in Fig. 1; 13 is a plug with a gaging rod)

[IpoBeneHNEe OMPECCOBKH IJIsI pAaCCMOTPEHHOTO BapH-
aHTa HE COOTBETCTBYET pEALHBIM YCIOBHSAM PaOOTHI
CKBa)XWHBI. [IpIMEHATH €ro MOXHO TONBKO IUIA TpyOoit
OIICHKH COCTOSTHHS TePMETUIHOCTH KOJIOHHEI IIPU CcOOITFO-
JICHUU CIEIYIOMNX YCIOBHL:

— KOJIOHHAa CUUTAeTCs TEePMETUYHOM, €Clu TpHu
HAYaJIbHOM CO3/IaHMU HW30BITOYHOTO JABJCHUS rasa He
HaOJI07aeTCsl €ro MajieHue, TO €CTh YPOBEHb JKUAKOCTH B
KOJIOHHE HE MTOHMKAETCS;

— TEPMETUYHOCTb KOJIOHHBI MOXKHO OMPEIEISATH IO
3aMepaM TOJIOKEHHUSI YPOBHS JKUAKOCTH B CKBaXXHHE [0
Havyajla OIPECCOBKH M Yepe3 MPOMEXKYTOK BpeMeHH At
MoCJIe CO3MaHMs W30BITOYHOTO JABIICHHS Ta3a, MpUYeM
3aMep YpPOBHS JKHIKOCTH JOJDKEH MPOBOAUTHCS O3 CHH-
JKCHUS JaBJICHUS Ta3a.

[Ipu BapmanTe, mpUBEACHHOM Ha pHC. 3, H30BITOU-
HOE BHYTPUKOJIOHHOE JABIICHHE >KUAKOCTH, CO3J]aBAEMOC
TIOCTOSTHHBIM TOZJIEp)KaHUEM JaBJICHUS ra3a P, cOOTBeT-
CTBYEeT BHYTPHKOJOHHBIM Harpy3kaM pabodero pexmuma
CKBKHHBI IO MECTa YCTAHOBKH Pa300IIaoIIero BHyTPH-
KOJIOHHOTO OTaKepa.

ComnocraBiieHHe C paHee NPHUBEICHHBIMH CXEMaMU
MTOKa3bIBAET, YTO TAaKOW BapHWaHT OIPECCOBKH MOXKET
OBITh WCTIOJB30BaH JJIsI KOJIMYECTBEHHOTO OTpEeIICHUs
yTeUeK KHUIKOCTU 4epe3 HapylleHus uesnocTHocTu K.
Korna xonoHHa 3anoiaHUTCS KHUAKOCTBIO, HA YCThE CKBa-
KUHBI CO37aeTCsl TOCTOSHHOE W30BITOYHOE JIABJICHUE
raza P,. Ilocne BblepKUBaHUSI CKBAaXXUHBI B TAKOM pe-
JKUME B TEUEHHUE ONPEJEICHHOro BpeMeHu Al naBieHue
ra3a pe3Ko CHIKAeTCs 10 HYJISl U IPOU3BOJUTCS MTOBTOP-
HBIM 3aMep ypPOBHS KHJIKOCTH B KCIUIyaTallMOHHOW KO-
JIOHHE, HaIPUMEp C UCTOJIh30BaHUEM MPOOKU ¢ MEpPHOM

pEeNKoO#l, YCTaHOBJIEHHON Ha ONPECCOBOYHOM TIOJIOBKE.
[TpoomKUTENFHOCTE ONpecCOBKH Al IpH 3TOM MOJXKeET
OBITh MUHUMAJBHOW (B Tpenenax HECKOJNbKHX MHUHYT) U
OTIpEZICTISIETCST WHTEHCHBHOCTBIO yTedkn AQ — dem
MeHbIIe AQ, Tem Oosbie At.

3Has 00bEM IOJIOCTH SKCIUTYyaTAlHOHHOW KOJIOHHBI
AV, M®, MeKITy 3aMepsSeMbIMH HAYATBHBIM W KOHCUHBIM
YPOBHSIMH JKHJKOCTH TIPH ONIPECCOBKE MOCTOSHHBIM W3-
OBITOUHBIM JIaBJICHHEM Ta3a Pp B TeueHHne BpeMeHu At, c,
BEIMYMHY YTEUKH KMIKOCTH 4Yepe3 HapylleHHe IIeJI0CT-
HOCTH KOJIOHHBI B paboueM pexume ckBaxkuHbl AQ, 1/c,
MOJKHO OTIPEJICJIUTh U3 COOTHOIICHUS

AQ:%¥- @)

OTcyTcTBHE TIAJICHUS YPOBHS KHUJIKOCTH B KOJIOHHE
MIPY MIPOBEJIEHUU OMPECCOBKH M0 3TOMY BapHaHTy Oyjaer
CBHJIETENLCTBOBATh O T€PMETUIHOCTH KOJIOHHBI B pabo-
9eM PEeKUME PAOOTHI CKBAYKHHEL.

Br16op B KauecTBe H3MEPSIEMOTO IMapaMeTpa MaICHHs
JABJICHUS Ta3a Ha yCThe NpPH Mojave (pUKCHPOBAHHOTO
o0beMa raza B MpOIECCE NPOBEICHHS OIPECCOBKU IIO
paccMaTpruBaeMOMY BapHaHTY MO3BOJISIET CYIUTh TOJBKO
o repmeruyHoctd OK. OTCyTCTBME mMajieHusi AaBJICHUS
OyJeT CBUAETEIHCTBOBATH O €€ TePMETHYHOCTH, & HaJH-
9yHhe TaJIeHUs NaBJIeHUS — O HApPYIIeHUH KOJOHHBI. OHa-
KO YKa3aHHBIH MapaMmeTp He TO3BOJSET OMPECNIUTh KO-
JUYECTBEHHO BEIMYWHY YTEUKH JKHIKOCTH 4Yepe3 Hapy-
IIeHUEe KOJIOHHBI B paboveM pexkuMe.

OmnpeccoBka MOXKET OBITh BBIIOJIHEHA C UCIIOJH30Ba-
HUEM Pa3’KUMHOI0 Makepa, MpUHLIUIINAIbHAS CXeMa KOTO-
poro npuBeeHa Ha puUc. 5.
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UsaHoe A.T".

Puc. 5. PazxumHoi nakep: 1 — moABHKHBIH LITOK;
2 — yIpyTHiA YIUTOTHUTENEHBIN JIEMEHT;
3 — nepexoanas Mmy(dra; 4 — ymopHas raika;
5 — mepexoHUK

Fig. 5. Expansion packer: 1 is a movable rod;
2 is an elastic sealing element; 3 is an adapter
coupling; 4 is a thrust nut; 5 is an adapter

[Makep cmyckaercs B cOCTaBe KOJIOHHBI OYpPHIIbHBIX
Tpy0 BHYTpH JK. IIpn mocraHoBKe OyPIIIHHON KOJIOHHBI B
OTCTOWHMK (ribTpa moj AeiicTBHEM Beca TPyO, Haxos-
IIMXCS BBIIIE MaKepa, MPOUCXOIUT Pa3KUMaHHEe yIPyroro
YIDIOTHUTENBHOTO 3JIEMEHTA 2. DTHM JOCTHIAeTCsl HaIexK-
Hasl W30JALMS HaJIIaKePHOTO MPOCTPAHCTBA OT CKBaXKUH-
Horo ¢umieTpa. [locme 3TOro BHYTpH OypHIBHBIX TpPYyO
cOpachIBaeTcs IIapuK (Ha cxeMe He TMoKas3aH) Ui Tepe-
KpPBITHSI KaHalla B NO/IB)KHOM INTOKE 1. YCThe CKBaKHHBI
MOYKeT OBITh 3aTePMETH3NPOBAHO JIFOOBIM U3BECTHBIM CIIO-
co00oM, B TOM YHCJIE U C IOMOIIIBIO Pa3’KUMHOTO MaKepa.

HOJ’ly‘leHH])le peE3yJbTaThl U UX 06cym)1e}me

1. IIpumenenue razoB ais onpeccoBkn DK Bo BceM
MHTEpBaJIe OT YCThSl CKBRKMHBI /10 TIIyOWHBI yCTaHOBKH
BHYTPHUKOJOHHOTO NaKepa He MO3BOJSET CO3/1aTh BHYT-
PHUKOJIOHHBIE Harpy3Kd, COOTBETCTBYIOIIME pabouemy
PEXXUMY CKBAXKHHBI, U ONPENEIUTh BEIUYHUHY YyTedeK
yepe3 HapyIIeHHE IeJO0CTHOCTH KOJIOHHBL.

2. Wcronp30BaHMe JKUIKOCTH ISl OTPECCOBKU BO
BCEM HMHTEpBaJe OT yCThS 0 TIyOWHBI YCTAHOBKU BHYT-
PHUKOJIOHHOTO TMaKepa MO3BOJIIET ONMPENeNIUTh TepPMETH-
HOCTh KOJIOHHBI IIPH BBIOOpE B KadecTBE H3MEPSIEMOTO
rmapameTpa MajeHus JaBICHUS KHUJIKOCTH Ha yCThEe CKBa-
MHMHBI ¥ 1a€T BO3MOXHOCTb OIPEJEIUTh BEIMUUHY yTeu-
KH HJIKOCTU Yepe3 HapyIIEHUE LIEJTOCTHOCTU KOJIOHHBI B
paboyeM pexume CKBayKHHBI.

3. [IpumeHeHne CUCTEMBI XHMIKOCTb-Ta3 0e3 J10MBa
JKUJIKOCTH BHYTPb KOJIOHHBI BBIIIE CTATHYECKOTO YPOBHS
KOHTAaKTHOT'O BOJOHOCHOT'O TOPH30HTA HE IO3BOJISET CY-
IUTh O TePMETHYHOCTH KOJIOHHBI IOCIE CTaOMIN3aluH
JaBiIeHUs (UKCHPOBAHHOTO O0BEMa Tra3a B KOJIOHHE.
DTOT BapHaHT CHCTEMBI HE IO3BOJISIET CO31aTh BHYTpPH-
KOJIOHHBIE Harpy3KHd, COOTBETCTBYIOLIME paboueMy pe-
JKHMY CKBa)KHUHBI, 1 MOXET OBITH HCIIONB30BaH TOJBKO
Jusl TpyOO#l OLIEHKH COCTOSHHSI KOJIOHH MO Iapamerpy
NaJIeHns AaBJICHUs OT HA4aJIbHOTO M30BITOYHOTO JIaBlie-
HUSI OINPECCOBKM WJIM MapaMeTpy IIOJIOKEHUS YpPOBHS
JKHJIKOCTH B KOJIOHHE B MIPOLIECCE OMPECCOBKH.

4. IIpuMeHeHne CUCTEMBI JKHJIKOCTb-Ta3 C JIOJIHBOM
JKUJIKOCTH JIO YCThSI CKBOKUHBI JIa€T BO3MOXKHOCTB OlLie-
HHUTb repMeTHYHOCT DK M KOJIMYECTBEHHO ONpPEACIUTh
BENIMYMHY yTeUeK >KUIKOCTH 4epe3 HapyIICHHUS LeI0CT-
HOCTH B KOJIOHHE IIPH CO3JAaHUH BHYTPHKOJOHHBIX
Harpy3oK, COOTBETCTBYIOIIMX pabodeMy pEeKHMY CKBa-
xuHBL. [lpy 3TOM H3MepseMbIM IapaMeTpOM JOJDKEH
OBITh YPOBEHB KHAKOCTH B CKBXHHE IIPH MOAJCPIKAHIH
B TCUCHUC BCCTO MEpruoga ONMpECCOBKU BEJINYMUHBI OaBJIC-
HHS ra3a Ha YCThe CKBAXKMHBI, COOTBETCTBYIOLIEH H30bI-
TOYHOMY JaBJICHUIO MOJIau¥ pabOYHX PacCTBOPOB.

3akJaouenue

TakuMm 00pa3oM, aBTOPOM BIICPBBIC U3yUCHBI Pa3JIHy-
HBIE METOJbI OIMPECCOBOK JKCILUTYyaTAI[MOHHBIX KOJIOHH
TEXHOJIOTUYECKUX CKBOKHH CKBXMHHOTO MO/3EMHOTO
BBIIIEIAYMBAHKS YpaHa U pa3paboTaHbl PEKOMEH/IAIUH 110
UX TPUMEHEHHUIO MPU UX COOPYKEHUH U IKCILTyaTalluH B
Pa3IMYHBIX TOPHOTEOJIOTHYECKUX YCIOBUSIX, TPUBOAUMBIX
B pa3nu4HbIX UcTouHuKax [8-10].
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