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AHHOTAIIUA

B mepBoii dYacTM JAMIUIOMHOTO TIPOEKTa PAaCCMATPUBAIOTCS MPOOJIEMBI ¢
MECKOIPOSIBJICHUSMHU B CKBOXKMHAX, a TaK K€ OCHOBHBIE METO/bl OOPHOBI C HUMHU.
MOXXHO BBIACIUTH JBa BO3MOXHBIX HAIPABJIEHUS PELICHHUS MPOOJIEMBI:
TEXHOJIOTUYECKHEe M MexaHuueckue. [IpoaHanu3upoBaB 3TH METOAbI, MOKHO
clellaTh BBIBOJ: MEXAHMYECKHE METOJbl SBISIIOTCS HamOojiee NPOCTHIMU H
JOCTYMHBIMHK, TOATOMY TMOJYy4YWJd HauOoinbliee pacnpoctpanenue. K HuM
OTHOCUTCS 00OpyAOBaHHE HE(MTAHBIX CKBAXUH MPOTUBONECOYHBIMU (UIBTPAMHU
pa3nuuHOi KOHCTPYKIMU. COOTBETCBEHHO OHM HYXAArOTCs B Oosiee AeTaibHOM
PacCMOTPEHUHU U3-3a CBOCH MPOCTOTHI, @ 3HAYUT U OOJIBIIIEH pEeHTA0CIIBHOCTH.

Bo BTOpoOif yacTu AMIUIOMHOTO MpPOEKTa NPUBENIEH aHAIW3 KOHCTPYKLMH
¢unbTpoB. PaccMOTpeHbl MX JOCTOMHCTBA M HEIOCTATKU U CHEIaHbl BBIBOJBI:
IpPaBUMHO-3aCBIIHBIE (UIBTPHl O0JAJAIOT CYIIECTBEHHBIMH IPEUMYIIECTBAMU
nepes GuIbTpaMu JPYrUuX KOHCTPYKLUUN: CTaOMIIBHOCTH paboOThl, 00Jiee BBICOKHUE
MOKa3aTelld MPUEMHUCTOCTH 3aKaYMBAIOIIUX U J1€0MTa OTKAUYMBAIOIIMX CKBAKUH.
Oco0eHHO OHM H>(QQEKTUBHBI MpPU HAIUYUU B MPOJYKTUBHOM TOpPU3O0HTE
MEJIKO3EPHUCTBIX TMECKOB. Mcxoas u3 JaHHOrO BbIBOJA, OBLIM MOJIPOOHO
paccMOTPEHbl KOHCTPYKUUU T'paBUKMHBIX (uiabTpoB. CyLIECTBYET JBE OCHOBHBIX
IpyNnbl TPaBUHHO-3aCHIMHBIX (UIBTPOB — CO3/1aBacMble Ha IOBEPXHOCTH U
co3gaBaeMble Ha 3a0oe. HecmoTps Ha Bce mpeuMylIecTBa Mepea OCTaJbHBIMU
BUJaMHU (WIIBTPOB, OHHM TaK K€ UMEIOT CBOM HEJOCTAaTKU. BakHBIM HEAOCTATKOM
TakuX (PUIBTPOB SBIAIOTCS: OOJIbIIME BPEMEHHBIE 3aTpaThl Ha (POPMHUPOBAHUE
¢bunpTpa Ha 3a00€ U HEOOXOIMMOCTb YBEIUYEHHUS [MaMETpa CKBaXXUHBI U
pacimmpenusi (UIbTPOBONW 30HBI CKBaXHUHBI. B CBSi3M ¢ JaHHBIMH BBIBOJAMU
MOSIBUJIACh HEOOXOJUMOCTh B Pa3padOTKE TEXHUYECKUX CPEACTB U TEXHOJOTUM
TPaBUIHON OOCHIMKK MPUGUIBTPOBON 30HBI HE(PTSIHBIX CKBAXHUH, MOAPOOHO O
KOTOPBIX Oy/ET paccka3zaHo B CIEAYIOUICH I1aBe MarucTepCKOM AUCCEePTALIUU.

B Tpetheit vacTu AUTIIIOMHOTO TIPOEKTa pa3padaThiBaCTC:



1. KOHCTpyKUMST  TpaBUU-TUIB3BI, oOnamaromiel  3HAYUTEIIbHON
MIPOYHOCTBI0 M MAJICHBKMMH THUIPABINYECKUMU CONPOTHUBICHUSMHU
IIPU €€ CITyCKE B CKBAKUHY.

2. Pa3paboTka penentypbl pacTBOpa AJisi CKJICUBAHUS TPaBUsl.

Pa3paboTka penentypbl pacTBopa JUisl CKJIEHMBaHUS TpaBus, OCHOBHas 3ajiaya
naHHOW paOoThl. Hayunass HOBM3HA 3akiiodaeTcss B BBIOOpE CKIIEHMBAIOIIETO
peareHTa, a Tak K€ B IOUCKE W anpoOMpPOBAHUU PA3JIMYHBIX PACTBOPUTEIICH,
HAIIPABJICHHBIX HA PAa3pYyLICHUE CKICEHHOW KOHCTPYKIIMH, aJaNTUPOBAHHBIX IOJ
COCTaB oOmpeAeieHHON peuenTypbl. OCHOBOM ISl CKJIEHMBaHUS TpaBUs ObUIH
OpeJIoKEHbl: OUTYMHO-KaydyyKoBasi MacTUKa, OWUTyMHas MacTHKa, OUTyM U
TEPMOPCAKTUBHBIA  OJHOKOMIIOHCHTHBIH  mojuMepusyromuiics ket (bd-2).
Hcnonp3yemble pacTBOPUTENN: yalT-COUPUT, HEPTh, allE€TOH, PACTBOPUTENH 646.
IlocnenoBaTenbHOCTD UCCIICIOBAHMN:

1. OnpeneneHrne TPOLEHTHOIO COJAEpPXKaHUS TpaBHUs M PacTBOpa ISl €ro
CKJICUBAHMSI.

2. IIpoBepka MPOYHOCTHBIX XaPaKTEPUCTUK MOIYICHHBIX 00pa3IIoB.

3. Ilouck pacTBOpUTENEl aJaNTUPOBAHHBIX IOJ COCTaB pacTBopa W
pacTBOpPEHHUE MOJyUYEHHBIX 00pa3loB, ¢ LIEIbI0 ONpPENeICHHs] PACTBOPUTEIS,
KOTOPBIN yJIOBJIETBOPAET SKOHOMUYECKUM TPEOOBAHUSIM.

4. AHanu3 MOJyYEHHBIX pPE3yJbTaTOB M BBHIOOP HAWIYYIIEro COCTaBa ISl

CKIICMBAaHM: I'paBUs.

B derBeproii dacTM TpOBENEH pacyeT SKOHOMUYECKOW d(PPeKkTuBHOCTU
pa3pabOTKM CKJIEMBAIOLIEIO peareHtra Mg JE3UHTETPUPYEMOTO TI'PaBUMHOTO
bunpTpa. B ngaHHOW THaBe OTpakeHbl U TMPOBEJEHBI PACUEThl BCEX BHUJIOB
pPacxoJI0B, HAMPaABJIEHHBIX HAa MPOBEJCHUE HAYYHOTO MCCIIEIOBAHUS U Pa3pabOTKu
CKJICUBAIOIIIETO peareHTa JJis Ie3UHTErPUPYEMOro TpaBUHHOTO QHIIBTPA.

3aTpaThl Ha BBINOJHEHHE HAYyYHO-HUCCIIEIOBATEIILCKOTO MPOEKTAa BKIIOYAIOT B

ce0s1 CIeayroIue AJIEMEHTHI:


file:///C:/Users/epihinav/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/O6VMY2O9/Referat_i_vvedenie.docx%23_Toc405454022
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D0%B9

— 3aTpaThl Ha CICHATLHOE 000pyI0BaHNE U pab0OYNe KOMITOHSHTHI;

— 3aTpaThl HA OIUIATY TPYAA;

— 3aTpaTrhl HA CTPAXOBBIC B3HOCHI B TOCYJAAPCTBCHHBIC BHEOIODKETHBIC
boHabL;

— HaKJIaaHBIC paCXO/bI.

B nmaroii 4YacTM  OUIIIOMHOTO  pabOThl  pacCMOTpEHa  CoLMalibHas
OTBETCTBEHHOCTh pabOTHUKA HedTerasoBoil orpaciu. OnucaHbl BUABI BPEIHOTO
BO3JCHCTBUS HA OKpYyXarllyr cpeay. [IpoBeneH ananu3 BceX OMNACHBIX U
BpeHbIX (aKTOpOoB pabodeil 30HbI, TaKUX Kak: IIyM, METEOPOJOTHUYECKUE
YCJIOBUS, JIIEKTPOMAarHUTHOE U3ITy4YEHUE, BPEIHBIE BEIIECTBA, JIEKTPUUECKUN TOK

U TI0Xap.
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BBEJAEHHUE

AKTYaJIbHOCTb MPO0JIEMBbI

Jlns HOpMalbHOTO (PYHKIIMOHMPOBAHUA OOOpPYIAOBaHUS, HEOOXOAMMO BCEMU
METOJIlaMU OOpOThCA C MecKonposiBiIeHUsAMU. CaboClieMEeHTUPOBAHHBIN TIIACT ¢
OOJBIINM COJIEP)KAHMEM TECKa, YAaCTHIbl KOTOPOro MOTYT TomajaaTh Ha 3a00i
CKB)XWHBI, pa3pyliaTh IUIACTHI, BBI3bIBATH NPOOKH, OOBaibl B CTBOJE. OTH
MOBPEXKIICHUS MOTYT TPHUBECTH K IOJHOMY OTKazy OOOpYIAOBaHHUS , IOITOMY
J00BIEe MECKOTPOSBICHUS HEOOXOAMMO YCTPAHSITh.

MOXHO BBIZICIUTH JBa BO3MOXKHBIX HAIPABICHUS PEIICHHUS IMPOOJICMBI:
TEXHOJIOTUYECKHE U MEXaHUYECKHE.

TexHOmOrnYeckue METOJIbl OCHOBaHbl Ha W3YYEHWHM MEXAaHUYECKHX CBOWCTB
MOpOABl TUTACTa B HAYaJIbHBIX YCIOBHSAX W HMX HM3MEHCHUU TNPU HAPYIICHUH
PABHOBECHOTO COCTOSIHUSI TEPMOTHApPOAMHAMUYECKONM cucteMbl. K gaHHBIM
METOJIlaM MO>XHO OTHECTH PETYJIHMPOBAHHE CO3/1aBa€MOM JCTMPECCHH Ha IIacT B
3aBUCUMOCTH OT HaNpsHKEHHOTO  COCTOSHUS — IUIACTOB, OPHUEHTHPOBAHHE
nepdopalui CKBaKUH, METO]] XOJIOAHON JI0OBIYU BHICOKOBS3KON HEPTH U IpyTHE.
MexaHu4eCcKrue METOIBI SBISIFOTCS HauOoJee MPOCTHIMHU U JOCTYIHBIMH, TO3ITOMY
MOJIYYHJIA HamOoJiblliee pacrpoctpaneHne. K HUM OTHOCUTCS 00OpyAOBaHHE
HEe(DTAHBIX CKBAKUH MPOTUBOMECOYHBIMH (DUIBTPAMU PA3TUYHON KOHCTPYKIUHU. B
JAaHHON paboTe pacCMOTpEeHbl TI'pPaBUUHO-3ACHINHBIE (UIBTPBI, O0IaNarOIINe
CYIIIECTBEHHBIMU TPEUMYIIECTBAMH Tiepe] (PHiIbTpaMu APYTUX KOHCTPYKIIHI:
CTaOMJIBHOCTh ~ paboThl, Ooyiee  BBICOKME  IOKa3aTead  MPUEMHUCTOCTH
3aKaYMBAIONIMX M JeOUTa OTKAYMBAIOIMUX CKBOXHH. OcoOeHHO OHU A()(PEKTUBHBI
PY HATMYUHU B TIPOYKTUBHOM TOPU30HTE MEJTKO3EPHUCTHIX MECKOB.

CymiecTByeT JBE OCHOBHBIX TPYIIBl TI'PaBUHHO-3aCHIMHBIX  (PHIIBTPOB —
co3JaBaeMble Ha TMOBEPXHOCTH M CO3/JaBacMbie Ha 3a0oe. ['paBuiiHble (PHIBTPHI

co3JaBaeMble Ha TMOBEPXHOCTH  (KOXXYXOBbIE, KOp3MHYATHIE, OJIOYHbIE)



OTHOCUTEIBHO MAaJIONPOU3BOAUTENBHBI, JOCTATOYHO OBICTPO KOJIbMATUPYIOTCH,
CJIOXHBI M JIOPOTH TMpPH MPOU3BOACTBE M CIOXKHBI IIPU YCTAHOBKE B CKBa)KUHE.
Kpome Ttoro, mocne cmycka ¢uibTpa B CKBa)XHHY, HEOOXOAMMO IPOU3BOJIUTH
OOCBITIKY BTOPOTO CJOSI TPAaBUTALMOHHBIM CHOCOOOM, 4YTO YBEJIUYUBACT
BpeMEHHbIE 3aTpaThl. ['paBuiiHble (UIBTPHI co3daBacMble Ha 3a00€ MpPU BCEX
JIOCTOMHCTBaX He Bcerza 00ecrneynBaloT BBICOKOIO KaueCcTBA IPaBUNHOM OOCBHIIIKH.
[Ipu sTtomM s oOecriedeHus HEOOXOTUMOM TOJNIIMHBI 3aCBHIKU TpedyeTcs
YBEJIIMYEHUE TUAMETpPa CKBAXKUHBI M PACIIUPEHUS (QUIBTPOBOW 30HBI CKBAYKUHBI.
Bce 3To mpUBOAKT K YBEIMYCHHUIO BpEeMEHHBIX 1 rHaHCOBBIX 3arpar[l]. C nenbto
COKpaIlleHUs 3aTpar Jjisi o0opylaoBaHUs (UIBTPOBOM YACTH MPHU COOPYKEHHH
CKBa)KMH, BO3HMKJIa HEOOXOJUMOCTh B CO3JaHUU U pa3pabOTKe TEXHUYECKUX
CpPEICTB U  TEXHOJOTMH TpaBUMHOW  OOCHIIKM  NPUPUIBTPOBOM  30HBI
IIPOYKTUBHBIX IUIACTOB.

IleabI0 BBIOJIHEHHOW pPAa0OTHI ABISETCA pa3pabOTKa TEXHUYECKUX CPEACTB U
TEXHOJIOTUA TpaBUMHOM OOCHINKM (TpaBUK-TWIIB3a) MNPUMUIBTPOBOM  30HBI
HE(QTAHBIX U Fa30BbIX CKBAYKUH.

Hcxond U3 noCTaBICHHOM 1IEJIH, U B PE3YJIbTATE aHAJIN3a COCTOSIHUS TPOOIIEMBI,
c(OpMyJIMPOBAHBI CIEAYIOLIUE OCHOBHBIE 32124 UCCIICJOBAHMS:

1. TIpoBecTu nuTepaTypHBIi 0030p MO TUIAHY:

1.1. 3agaum, pemaemple NOpU TPABUIAHOM OOCHIIKE MNPUDUIBTPOBON 30HBI
HEe(DTAHBIX CKBAXKHUH.

1.2. O030p TEXHUYECKUX M TEXHOJIOTMUECKUX PEIICHUI IJIs1 TPaBUITHOW OOCBHINKU
npUGUIBTPOBOM 30HBI CKBaKUH PA3JIMYHOIO Ha3HAUYEHHUS.

1.3. 0630p TE€XHOJIOTUI rpaBUNHON 0OCBITIKH, MIPUMEHSIEMBIX
MPOU3BOICTBEHHBIMH OpPraHU3alUSIMH, 3aHUMAIOMIMXCA OypeHHeM He(TAHBIX U
ra30BbIX CKBa)KHH.

2. PazpaboraTh TEXHOJOTUYECKHE pEUICHUs ISl MOBBIIEHUS 3(h()EKTUBHOCTH
I'PaBUITHON OOCHINKY MPUPUIBTPOBOM 30HBI CKBAKHH.

3. IIpoBecTu 3KCHIEpUMEHTAIbHbBIE UCCIIEAOBAaHNUS B 1a00PaTOPHBIX YCIOBUSIX.

4. CchopmynupoBaTh BBIBOJIbI 1 PEKOMEHIALIUU.



MeTtoauka peeHus MOCTaBICHHbBIX 3a/1a4 OCHOBaHA HAa U3YYEHUH U 0000IEHUH
TEOPETUUECKUX 3HAHHUM MO paccMaTpuBaeMou MpodiemMe, MPOBEICHUH OIBITHO-
7a00paTOPHBIX MCHBITAHUM M TOUCKE PAINMOHAIBLHON KOHCTPYKIIMU TPaBUHHOTO

bunbTpa.



1. TEOPETUYECKAS YACTD

1.2 AKTyaJIbHOCTH MP00OJIeMBbI

Pa3paboTka HEYyCTOWYMBBIX IUIACTOB TIPAKTUYECKA BCETAA COMPOBOXKIACTCS
BBIHOCOM I€CKa. DTO MOKET NMPUBECTU K CHUKEHUIO TEMITa 0TOOPa, MOBPEXKICHUIO
o0OpyZ0BaHUSI Ha TOBEPXHOCTH M B CKBOXHHE M POCTY IKCILTyaTallHOHHBIX
3atpar[1,2].

Bormpocamu 60prObI ¢ MECKONPOSIBICHUEM 3aHUMAIUCh MHOTHE BUJHBIC
poccuiickue u 3apyoexHbie ydenbie: A.H. Anonun, A.Jl. Amupos, B.A.Amuss,
I''A. babansan, ®@. bozeman, B.B. I'ompmmreiin, C.B. M36am, B.C. Mcromuna, K.
Ko6epmu, P.U. Kotaxos, C.M. Kynues, M. Macker, U.11. Macnog, JI.C. Menuk-
AcnanoB, A.X. Mup3amxkanzazae, [I.M. Munn, A.H. [1atpames, A.M. [lupBepsiH,
O.M. PycramoB, A.b. Cyneiimanos, H.H. Illanerun, A.A. Ilaxnazapos, I0.M.
[IlexT™Man u apyrue.

[Touck perreHus AaHHOW MPOOJIEMbl UMEET JaBHIOW ucTopuio. Co BpeMeH

CTPOUTEIBCTBA MEPBBIX BOJASHBIX KOJOJLEB JIIOAW 3ayMbIBAIACH HaJ T€M, Kak
OPOJINTh CPOK MX pabOThl, 00ECHeUnTh CTaOMJIBHOCTh JHA U CTeHOK. C 3Toil
LEIbI0 MX CTaIM YKPEIUIATh KaMHSMHU. YK€ TOr/Jia BBIHOC TNOPOABI U IEcKa
OIpEENSUICS KaK HETaTUBHBIN (DaKTOpP, COMYTCTBYIOUIUI IKCILTyaTallui KOJIOALIEB.
Hanuune B3BEHMIEHHBIX B BOJE IECUMHOK YXYJIIIAJIO €€ KaueCTBO, OIPAaHUYUBAIIO
npuUMeHeHue B ObITy, TpeOOBaJo €€ IOMOJHUTEIbHOW O4YUCTKU. EcrecTBeHHAs
NOTPEOHOCTh YeJIOBEKa B MOBBIIMIEHUH KOM(OPTHOCTH U3HU 3aJI0KUJIA OCHOBY
JUISl TIOMCKAa pElIeHHs] NMpoOieMbl BbIHOCA MECKa, W JelaeT ee akTyalbHou. C
pa3BuTHEeM He(TeqO0ObIYM, C YBEJIMYEHUEM IIIyOMHBI OypsIMXCS CKBAaXXWUH 3Ta
npobiieMa MOJy4ywia eimie OONbIIyI0 aKTyalbHOCTh, O YE€M CBHUAETEIbCTBYET
OTPOMHOE YHCIIO MyOJIMKAIM U TEXHOJOTUH Ha TEMY NMPEJOTBPAILEHUS BbIHOCA
necka ¢ mnpoaykinued ckBaxkuH. BeiHoc mecka (BII) w3 mpuszaboiiHON 30HBI
CKBOXMH TIpU OKCIUIyaTalldd COIPOBOXKJAeTcs 00pa3oBaHUEM  KaBEpHBI.
Cy1iecTBYIOT TEOPETUUYECKHE MPEANOCHUIKH, MO3BOJISIIOIINE CUUTATh 3TO SIBJICHHE
MOJIOKHUTEIbHBIM (dakTopom, CHOCOOCTBYIOLIUM MOBBIILIEHUIO
TUAPOAMHAMUYECKOTO COBEPILIEHCTBA CKBaXKMHBI. OHaK0, 00pa30BaHUE KaBEPHbI
BBI3BIBAET U PSIJI OTPUIIATENIbHBIX SIBJICHUHM, TAKUX KaK HapyIIEHUE TePMETUYHOCTH

3dKOJIOHHOI'O IIPOCTpPAaHCTBA, CMATHUC KU IIOPLIB BKCHHyaTaHI/IOHHOﬁ KOJIOHHBI. K
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HETaTHUBHBIM  TIOCIIEACTBUSM BBIHOCA TIECKA W3 CKBOXWH MOXXHO J00AaBUTH M
3aKyNOpUBaHWE  TOp  TMpUJeraromed K  CTEHKaM  CKBaXHUHBI  4acTu
He(TEHACHIIIIEHHOTO KOJIJIEKTOPA MEJIKUMH B3BEIIICHHBIMU YaCTUIIAMU TIECKA.

[Ipy HU3KHX CKOPOCTAX MOABEMA KUIKOCTU MO HACOCHO-KOMIIPECCOPHBIM
tpybam (HKT) nHaOmomaeTcs TpaBUTAIMOHHOE OCAXJACHUE YaCTHI[ TECKa Ha
o0opyaoBaHue U 320011 CKBaXUHBI. ITO MPUBOJIUT K MPEKICBPEMEHHOMY BBIXOIY
U3 CTpOsi 000PYyIOBaHUS W OOPA30BAHUIO MECUYAHBIX MTPOOOK, BHI3BIBAET MPUXBATHI
HKT, npuBomuT K YCIOXKHEHHUIO U YAOPOXKAHHMIO peMoHTa. BosHukaer
HEOOXOJMMOCTh TPOBEJCHHSI BHEIJIAHOBBIX PEMOHTOB, a CIJIEIOBATENbHO, U
JOTIOJTHUTENBHBIX 3KOHOMHUYECKMX 3aTrpaT. BeiHOC mecka HamOoliee XapaKTepeH
JUTSL MOJIOJIBIX TPETHUYHBIX OTJIOKEHUM: TUTMOLIEHOBBIX U, 0COOEHHO, MUOIIEHOBBIX.
3a pyOexom »dTa mpobOsiema akTyalbHa [ HeTenoObIBAOIMIMX palioOHOB
Kanmudopuuu n Mekcukanckoro 3anuBa (CILA), Kanaasl, Benecyainbl, 3amnaaHoit
Adpuxku. B Toit wimu unoMt crenmenu BII comyrtcTByeT pazpaboTke mr000T0
MecTtopoxaeHus. OcoO0eHHO OCTpo mIpoOiemMa NpOosBIAETCS Ha 3aBepLIAOLIEH
cTajuu pa3paboTKU, KOTJja 0OBOIHEHHOCTh MPOAYKIIMK U CTENEHb Pa3yIJIOTHEHUS
nopoJbl koyuiekTopa BbicokM. Ha 6Gamance OOO «PH-Kpacnomapuedreras»
HaxoauTcs Oonee 60 HePTSIHBIX MECTOPOXKACHHM, OOJIBIIMHCTBO U3 KOTOPBIX
paspabatsiBatoTcsi ¢ 50-60-x ro0B MPONUIOTO BeKa. XapaKTepHOW 0COOEHHOCTHIO
DKCIUTyaTallMM 3TUX MECTOPOXKIECHUN SIBISIETCS MACCOBBIM BBIHOC II€CKa C
MPOYKIIMEH paboTaronMX CKBaKuH. [IpobiieMa MMeeT Takyro *e JaBHOCTh, KaK U
camMa UCTOpUd HX OHKCIUTyatanuu. FIMeHHO mo3ToMy ¢ caMOoro Hauajia
AKCIUTyaTallMM JaHHBIX MECTOPOXKJACHUN TOSBWIACH KpaWHsIsT HE0OXOIUMOCTh
60prOb1 ¢ BII ¢ 1menpio mpenoTBpalieHus NpexaeBpeMEeHHOTO BBIX0/Ia U3 CTPOS
BHYTPUCKBOKMUHHOTO W TOBEPXHOCTHOTO OOOpYJOBaHUS, YMEHBIICHUS YHCIIA
BHETJIAHOBBIX PEMOHTOB CKBAKMH W COKPAIEHUSI PACXOJI0OB, C HUMH CBS3aHHBIX.
[To »TOif mpuuMHE HA MOCTOSHHOW OCHOBE OCYUIECTBIISICS MOAOOpP HOBBIX H
COBEPILIEHCTBOBAHNUE CYILECTBYIOIIUX METOJOB M TEXHOJOTUN MpPeqOTBPAILICHUS
VI YMEHBIIEHUS BBIHOCA TIECKA C MPOAYKIIMEH IEeHCTBYIOIMNX TOOBIBAFOIIMX

CKBa>XUH. HGKOTOpBIe MCCTOPOKIACHHUA I10 IpaBy MOJKHO Ha3BaThb
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«UCTIBITATEIbHBIMUA TIOJUTOHAMI» OOpPHOBI C MECKOIMPOSABICHUSAMHU, K UX YHCIY
OoTHOCcATCS AHacTacueBCKO-Tpounkoe, AXThIpcko-byryHabipckoe, KiroueBoe u
np. Ha pucynke | npuBeneHa Kpyrosas AuarpaMMa, Ha KOTOPOM ITOKa3aHO
cpeaHee 3HayeHUe KosimuecTBa B3BelleHHBIX yactull (KBY) mo HexoTopbiM

MecTopoxaeHusm Kybanu.

0 Y0emencoe,

380 Ubs“

B Knioyesoe;

# [liw (Matikon);

W LLentansckoe;

B Cesepo-Hedraxoe,

B Janaano-Anacracuencuoe;
B AHacTacuescko-TpouLKoe,
W Xonmcxoe;
 AXTHIPCHO-BYryHAbIpCKOE,
B AGUNHO-YKpanHCKoe,

# 3ui03a [ nyGokmi ap;

¥ HuKonaescKoe;

Hoso-[AMHTpHEBCKOE,

Pucynok 1 — Cpennee 3Hau€HHE KOJTMYECTBA B3BEIICHHBIX YaCTHIL

(KBUYcp,mr/n) Ha auTp 100BIBAEMOI1 JKUIKOCTH IO HEKOTOPHIM MECTOPOKACHUSIM

Ky6anu na 01.01.2016r.

B Hacrosiiiee Bpemsi naHHas mpoOsema SIBISETCS OCOOCHHO aKTyalbHOM.
3HauuTenbHas BhIpabOTKA 3amacoB HEPTH, BHICOKAsT OOBOJHEHHOCTh JOOBIBAEMO
MPOIYKIINK, Majas He(TEHACHIIICHHAS TOJIIMHA CYIICCTBEHHO YCIOXKHIIOT M
YIOPOKAIOT MpoIecc J00bIYr HEPTH, MOBBIIAIOT TPeOOBaHUS K d(PPEKTUBHOCTH U
YKOHOMUYECKOW PEHTa0ETbHOCTH METOJOB TPEJOTBPAIICHUS WM YMEHBIICHHUS

BBIHOCA IIECKA.

1.3 Peutenue npoo6jieM BbIHOCA MEeCKA M3 MPOAYKTUBHBIX CJI0€B

MoxHO BBIJICJIMTL JBa BO3MOJKHBIX HAIIPAaBJICHUA PCHICHUA HpO6J’IeMBI:
TCXHOJOTHYCCKHUEC N MCXAaHHUYCCKHUC.
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TexHoaornyeckne MeTo1bl OCHOBAaHbl Ha U3YYEHUU MEXaHUYECKHX CBOMICTB
NopoAbl IUIACTa B HA4YaJbHBIX YCJIOBHSX W HMX HM3MEHEHUW MNpPU HAPYILICHUH
PABHOBECHOI'O COCTOSIHUS TEPMOTHAPOIMHAMUYECKON cucTeMbl. B nanHOM citydae
TaKO€ HapylIEHUE PABHOBECHS MPOUCXOAMT IPH SKCIUTyaTallMM CKBaXuHbL. K
JAHHBIM METO/IaM MOKHO OTHECTH PEryJIMpOBaHME CO37aBAaEMOM JEIpeccHH Ha
IJIacT B 3aBHCHUMOCTU OT HANPSsDKEHHOTO COCTOSIHUS IUIACTOB, OPUEHTUPOBAHHE
nepdopaiyy CKBaXXUH, METOJ] XOJIOTHOM T0OBIYM BBICOKOBSI3KOM HEPTH U APYTHUE,
KOTOpbIE YCIIEUIHO MpUMEHSIOTCS B PoccuM M HEKOTOPBIX MECTOPOKICHUSIX
3apyOexHbIX cTpadH. K Mexanudyeckum merogaM OOpbObl ¢ MECKOMPOSBICHUSIMU
OTHOCATCSA HCIOJb30BaHUE 3a00MHBIX (PUIBTPOB, CHELHAIBHBIX XBOCTOBHUKOB B
y3J1€ 3aKaHUYMBAHUS CKBAXKUH, PA3JIMYHBIX IE€COYHBIX SKOPEH, 3aBUXPUTEIIEH,
CETOYHBIX (UIBTPOB PA3NUYHONM MOJU(DUKAIUU, YCTPOMCTB T'PABUTALMOHHOM,
LHEHTPOOEKHOM U aKyCTUYECKOH cemapaluy, YCTaHaBIMBAaEMbIX Yy Ipuéma
HAaCOCHOM yCTaHOBKHM. MeXaHMYECKHE METOJbl SBJISIOTCS Hanbojee MPOCThIMU U
JOCTYIIHBIMHU, TO3TOMY MOJXY4YWIM HauOonbluee pacnpocTpaHeHue. K Hum
OTHOCHUTCSI 00OpYyJIOBaHUE HEPTSHBIX CKBaKUH NPOTUBOIECOYHBIMU (PHIIBTPaAMHU
paznuuHoi KoHCTpykuuu [3,4]. B »aTux cpeactBax Haubosiee BaXHBIMU
KOHCTPYKTUBHBIMHM TNapaMeTpaMH SIBJISIOTCS pa3Mephl IEJel MO OTHOIICHUIO K
JMaMETPy YaCTULl BBIHOCUMOTO IJIACTOBOTO IecKa. Pa3mepbl mieneil mpoeKTUPYIOT
Tak, 4YTOObl O00ECNEeYMBAIOCH TIOJHOE TPEKpAllleHHEe BbIHOCA TIECKa MpHU
JOIMYCKaeMOM NPOU3BOJUTEIBHOCTH CKBXHMHBL. OJTa 3ajJada pelaercs IyTeM
BHIOOpA ONTUMAJIBHOTO COOTHOIICHUS pa3MepoB Iiened u mnecka. llenbro
He(TeT0ObIBAIOIIMX KOMIIAHUNA MHOTUX CTpaH sBJsSeTcs 0O0OpyJoBaHUE HH3a
CTBOJIA CKB@KWHBI TaKMM O00pa3oM, YTOOBI MOXKHO OBUIO KOHTPOJHUPOBAThH
NECKOIpOsiBIeHUE 0e3 CHMXKEeHMs leOuTa. BIHOC mecka Ha MOBEPXHOCTh 3aBUCUT
OT cienyomux (HaKTOpoB: WHTEHCUBHOCTH J0OBIYM (urowma, OT TOpPOJ
oOpa3yronux MPOAYKTHBHBIM IIJIACT, TUMa Jg00bIBaeMoro (iroonma, TOPHOTO
nasnenuss U ap. CoBpeMeHHble OypoBble paOOThl HANpPABICHBl HAa CO3JAHUE
TOPU30HTAJIBHBIX CKBAYKUH, MPOJAYKTUBHBIE TOPU30HTHI KOTOPHIX 3aKaHYMBAIOT O€3

0o0CaJHOH KOJIOHHBI. OJTO CBf3aHO CO CHIDKEHHEM 3aTpaTr, CIOKHOCTBIO
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LIEMEHTUPOBAHUS M TOJY4YEHUS BBICOKOM NIPOAYKTUBHOCTH. [ OpU3OHTAIBHBIN
CTBOJI CKBaKMHBI 3aKaHUYMBAIOT (QuibTpoM. OH 3alMIIaeT OT 3PO3UH, BBIHOCA
MEXaHUYECKUX YaCTHULl HA TIOBEPXHOCTh, COXPAHSAET U 3AIMUIIACT KOHCTPYKIIHIO U

000pyZI0BaHNE TOPU3OHTAIBHOTO CTBOJIA.

1.4 Mexanu4eckue MeTOAbI 00PbOBbI ¢ MECKONPOSABICHUSIMH

OUIBTP — ATO CHEIUATBHOE YCTPOHCTBO, MOHTHPYEMOE B CKBAKHHE B MECTE
BOJIOHOCHOTO JHM0O HE(PTEHOCHOTO TOPWU30HTA, YTO TapaHTUPYET HE3aBUCHUMBIN
JOTTYCK BOBHYTPh CKB&)XHHBI OUYWINEHHOW BOJBI, HEPTH M B TO K€ BpeMs
IPEIOXPaHSIET CTBOJI CKBRKUHBI OT OOPYIICHHUS.

[IpakTrka TOKa3bIBAC€T, YTO YyJAOBIETBOPHUTEIbHAS pabOTa CETYATHIX H
Ipyrux GUIbTPOB M, CJEIOBATEIbHO, YBEIWYEHUE [OJITOCPOYHOCTH pPabOThI
HACOCHOTO 00OpY0BaHMS, JIOCTUTACTCS JIUII IPU UX aIPECHOM HUCITIOJIH30BaHUHU B
OTIPEICTICHHBIX TEOJIOTHUYECKUX YCIOBUSAX, C MOAXOASAIIAMH MEXaHUIECKUMH
CBOMCTBaMHU MOPOJIbI — KOJUIEKTOPA.

OUIBTPHI MOHTUPYIOT TOJIBKO JIUIIH B CHITYYHUX U HEYCTOWYMBBIX MOPOAAX.
B ckBaxuHy OmMycKaloT KOJOHHY C (PHIBTPOM, KOTOpasi MOJpa3JeisieTcss Ha Hal
(GUIBTPOBYIO YacTh, PaOOUYIO0 YacCTh U OTCTOMHHK C TPOOKOM. OTCTOMHHK CeiIaH
JUTSL OCXKICHUS TPOIIEAINX dYepe3 padodyio 4acTh (UIBTPA YACTHIl TOPOJIBI.
AHanmu3 ONBITHBIX JIAHHBIX T[IOKa3aj, 4YTO HUMeEIoIMecs GUIbTPhl HENb3s
UCIIOJB30BaTh B 3ajie’ax BBICOKOBS3KMX HedTel, mpu “XomoaHoMm™ crmocode
TO0OBIYM M3-32 HECOBMECTHMOCTH TeNI (QUIBTPYIOMET0 000PYIOBAaHUS M CaMOTO
crocoba mo6brun. I[lpu Hanmuyme OCHOXKHSIOMUX (PAKTOPOB B BHUAE OOJBIIOTO
CONlep KaHUsl TJIMHHUCTBIX COCTABIISAIOMNX, ac(albTEeHOB, COJIiEH CYIIECTBEHHO
YBEIMYMBAET CKOPOCTh 3aMiIMBaHus GUIBTPa, CHIDKAs pecypc paboThl Hacoca. Jljis
MPENOTBpAICHUST OTKA30B B TAaKWX CKBAXWHAX MPUXOJUTCS TMPUMEHSITh
WHTHOWTOPBI, YTO CYIIECTBEHHO CHWYKAET MPEUMYIIECTBO KOHCTPYKITUH.
CrnenoBaTenbHO, TpPU  ONPEACICHHBIX T'COJIOTUUECKUX YCIOBUSAX, JaHHBIC

KOHCTPYKIIMU UMEIOT PsiF HEAOCTATKOB[S].
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1. YacTuiisl moposl, eCOK (ITPOIITAHT) OCTAIOTCS Ha 3a00€ U 3aCOPSIOT €ro,
OrpaHU4MBasi IPUTOK.

2. 3acopsisach, GUIBTP OTPAHUYUBACT MPUTOK KUAKOCTH B HACOC.

3. OuabTp HE MOXKET OBITH OYMIIEH B IPOLIECCE IKCILTyaTaI[|H.

4. OuibTp HE COXpPAHSET CTPYKTYPY HPOAYKTUBHOIO TOPU30HTA, YTO HE
rapaHTUPYET JJIMTENbHYIO SKCIUIyaTallMi0 U BCIEJCTBUE ATOTO BBICOKHI OOIIMii
NeOuT.

5. ®OunbTp ABIAETCS HEPA3OOPHBIM U HE TIOJJICKUT PEMOHTY.

6. @UIbTP HE MPEAYNPEXKIAECT U3HOC CTYIEHEN U MPOTOYHOM YaCTH HAcoca.

2. AHAJINTUYECKAA YACTb

2.1. AHaJIU3 KOHCTPYKUMil pUiIbTpPOB

Tunsl puiabTpoB
K OCHOBHBIM THIIaM KOHCTPYKUUN (PUIBTPOB MOKHO OTHECTHU CJEAYIOLIHE:
1) ceTyatbie GUIBTPHI
2) NpoBOJIOYHBIE (PUITBTPHI
3) meneBbie GUIBTPHI

4) rpaBuiiHbIe PUIBTPHI

2.1.1 CeTuarslii puiabTp

B cetuateix punbrpax GuibTpylomas moBEpXHOCTh, HHOTJIAa MHOTOCIOWHAS,
BBITIOJTHEHA B BUJIE CETKU (CM. puc. 2). JlaHHbIe QUIBTPHI TO3BOJISIIOT 3aA€PKUBAThH
OCTaTOYHO MeJKue 4YacTuilbl (10 50 MKM M MEHee), OITOMY JOBOJBHO YacTO
MPUMEHSIOTCS] B TEX CIydasx, KOrja HEOOXOANMMO OOECIIEYUTh BBICOKYIO CTETICHb
OUYUCTKA CKBLKMHHOW mpoayKuuu. M3 HEZOCTaTKOB ClEAyeT BBIACIUTH
CPaBHUTEJIHHO OOJIBIITNE BXOJIHBIEC COMPOTHBIICHHS HA CETUATHIX (PUIIBTpaX W UX
HU3KYIO PEMOHTONPUTOJHOCTh B Cilydyae TOBPEXKICHUS WM  3aCOPCHUS

(GUIBTPYIOMINUX IEMEHTOB.
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Pucynok 2 — CeTuatsiii puibTp.
a) OOmwuit Bua ¢punsTpa 0) geranu ¢punsTpa B) 1 — onopHbIi Kapkac, 2 —
MOJIKJTAIOYHAS CETKA, 3 — POBOJIOYHAS CITUPab, 4 — QUIbTpAIMOHHAS CETKa, 5 —

HaKJIaJHBIC IINTAaHKH

2.1.2 IIpoBos10o4HbIi GUILTP
OCHOBHBIM 3JIEMEHTOM MPOBOJIOYHBIX bunbTpOB SIBIISIETCS

npouIMpoBaHHas MPOBOJIOKA, KOTOpasi HaMaThIBAETCS Ha KapKac, COCTOSIIIMX U3
napajuleJbHBIX cTepkKHed. Mcnosb30BaThCsi TPEyrojibHbIE NPOGUIM HPOBOJIOKH,
IPUYEM OJIHA W3 BEPIIMH TPEYTOJbHUKA HANpaBIJIaCh BHYTPh (puibTpa, a JBE
JIpyrUe pacrhojiaraliiChb Ha €ro BHemHeW ctopoHe. [IpoBosouHb QUIBTP
BKJIIOUAET: TEpEIJIECTEHHbIE MEXIy c000i oTpe3ku mpoBojoku (1), KoTopbie
BBIIIOJIHEHBI B BHUJIE CMEILIECHHBIX Pyl OTHOCUTENIBHO Apyra psioB cnupanei (2),
P TOM KaXK]IbIH psiz crivpaseit (2) cMmerieH mo ropuzonTanu (3) u Beptukanu (4)
¢unpTpa (5), a mo TommuuHe (6) psAapl crnupaneil (2) BBINOJHEHbI 00XKaThIMHU,
npudeM oTpe3ku (1) MOTYT BBIMONHATH C HaxjecTKaMu (7), a HapyKHBIC PSJIbI
cnupasieit (8) BbINOJIHEHBI ¢ MIockuMu (packamu (9), a Bayrpennue (10) Taxxe
umeroT 1iockue dacku (9). Crnupanu (2) umeror nomnepeuHble kaHaBku (11),
KOTOpbIE pacrnoiaratot B I10CKOCTAX[9].

B IMpOIECCC OTKAYKHU TIaCTOBOM KHUAKOCTHU C TBEPABIMH HaCTHUIAMHU IMTOBECPXHOCTD

16



TaKHuX IHGJ'IGFI HC CHOCO6CTByeT OEMCHTAllMU U YIINIOTHCHUIO IIOPOJbI, 4 HAIIPOTUB,
CTUMYJIMPYCT BbBIHOC YaCTHL, MCHbBIIMX II0 pa3sMCcpy MCIU, MW OYHUIICHHUC

npoUIBTPOBAHHOM 30HBI OT HIJIaMa, MEJIKUX (PpaKIUil U KOJIbMATaHTOB.

» 00 J)

0 0 o)+ O

Pucynok 3 — I[IpoBonounbiii GpuiabTp(BHI ¢ OOKY U CBEPXY)

2.1.3 lleseBbie GUIABLTPBI

Konctpykius 1mieneBbix (0€3MpOBOJIOYHBIX) (UIBTPOB HUMEIOT MHOIO
OOIIEro ¢ KOHCTPYKIMEH MPOBOJIOYHBIX (UIBTPOB (CM. puc. 4), TOCKOJIBbKY U B
TOM U B JPYrOM Cly4dae IUIACTOBAasl MXUJIKOCTb M MEXaHWUYECKUE MPUMECH
GUIbTpyIOTCS uYepe3 Y3KHe Ieiu (JOBOJIBHO YacTO MCIOJb3YeTCS Ha3BaHUE
MIPOBOJIOYHO-1IIENIEBON GuiIbTp). B oTinuyme oT mpoBosioyHOro (priibTpa MIUpPUHA
menu  JUis meneBoro  (uibTpa Beerga crporo  ¢ukcupoBaHa. OCHOBHBIM
HEJIOCTATKOM KJIACCUUECKHUX IIETEBBIX (DUIBTPOB SIBISETCS UX HU3KAsI CKBAXKHOCTD
— OTHOIIIEHHWE CYMMapHOU TuIoaan GUIbTPYIOMUX OTBEPCTHHM K OOIIIEH MIIoIaau
MOBEPXHOCTH PuiabTpa. s yBeIUUEeHHUs] CKBAXKHOCTH B COBPEMEHHBIX IIEJIEBBIX
bunbrpax (Hampumep, BMT®) wucnonp3yeTcss TEXHOJOTHS, aHAJIOTHYHAs TOM,
KOTOpasi MPUMEHSIETCSl JJISI MPOBOJIOYHBIX (UIBTPOB, KOTNAa MPOGUINPOBAHHBIE
AJIEMEHTHI (KOJIbI]a WJIM CTEP KHU) MPUBAPUBAIOTCA K OMOPHBIM KOHCTPYKIIHSIM.
DTO MpenaTcTByeT CMATUIO (QUIBTPA B IMPOIIECCE CITYCKO-TIOABEMHBIX OIepariuit
Ha CKBAXHHE, JIEJIAI0T €r0 KOHCTPYKIUIO YCTOMUYMBOM MO OTHONIEHHIO K BHEIIIHUM

BO3JIEUCTBHUSM.

17



FE2 i

b o
[ 552 TE

S———

= —

= F 7

|
j

—— —t — L i } ._+_. - |
T FTFETFR
A RSy 1 e i e

r T T

1

Pucynok 4 — [lleneBbie GUIABTPHI. @) MIETH PACTIONIOKEHB CHMMETPUYHO, 0) IIeTn
pPacnoJIOKEHbI B IIAXMATHOM MOPSAIKE, B) ABOMHBIE HIENH, T') TOPU30HTAIIbHBIE

mCJIn

2.1.4 I'paBuiiHblil GUILTP

K rpaBuilHbIM  OTHOCATCA  (QUIBTPBI, y KOTOPBIX IOBEPXHOCTH,
KOHTaKTHPYIOLasi C NOPOAOH, COCTOUT M3 HCKYCCTBEHHO BBOJHMMOIO T'paBuS,
PaCIOJIOKEHHOTO BOKPYT OMOPHBIX (PUIBTPOBBIX KapKacoB. I'paBuiiHble (QUIBTPHI
COOMPAIOTCS HA YCThE CKBAKUHBIL, JINOO HAMBIBAIOTCSI HEMIOCPEACTBEHHO Ha 3a00¢€.
OCHOBHBIM NPEUMYIIECTBOM I'PaBUMHBIX (PUIBTPOB MO CPABHEHUIO C (PUIIbTPaAMHU
JIPYTUX KOHCTPYKUHUU SIBJISAETCS TO, YTO OHM MOTYT YCHEIIHO MPUMEHSTHCA MPHU
001b1110}1 HEOAHOPOJHOCTH YACTHUL] KOJIJIEKTOPA.

AHanM3 ONBITHBIX J@HHBIX [IOKa3aJ, YTO Haubosiee NepCleKTUBHBIM
METO0M OOpbOBI C BBIHOCOM MEXAaHWYECKMX YacTHI], B HACTOALIEE BpeMS,
SBJIIETCSL CO3/laHUE TPABUMHBIA (UIBTPOB B IPOLECCE 3aKaHYMBAHMS CKBa)KUH
OypenueM. Ilo cpaBHeHHIO ¢ ApYrUMHU BHJIaMHU (QUIBTPOB OHM SIBISIIOTCS OoJjee

HaOCKHBIMU U JOJITOBCYHBIMU.

2.2 I'paBuiiHbIA PUIBTP

['paBuitHblii GUIBTP COCTOUT U3 (PHIBTPYIOIIEH MOBEPXHOCTH, TPABUINHON
HAOMBKH W OIOPHOTO Kapkaca. ['paBuifHas HaOMBKa TIPEACTABISIET COOOM

MEXaHUYECKUE YaCTULIBl Kpyrjiod ¢(opMmbl M pazMepamu OoJibllie JUaMeTpa
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rpaHyJIOMETPUUYECKOT0 COCTaBa BBIHOCUMBIX YacTull. [l03BOJISIET yBEIUYUTH
panuyc (GuUIbTpa CKBaXHMHBI, pa3Mep MNPOXOAHBIX OTBEPCTHH, KakK CIEICTBHE
YBEJIMYMBACTCS CKBOXKHOCTh Kopmnyca (unbrpa. ['paBuiiHas HaOMBKa yMEHBIIAET
CKOpPOCTH (JIIOMAA Ha BXOJE, TOSTOMY YBEIHUMBAETCS CPOK CIykObI punptpa. [1o
croco0y co3/laHus TpaBUiiHbIe (UIBTPHI AIATCA HA QUIBTPHI: U3TOTABIMBAEMbBIC
Ha TOBEPXHOCTH, KOTOpPbIE YCTAHABIMBAIOT B CKBaXMHBI B TOTOBOM BHUJE U
CO37aBa€Mbl€ BHYTPU CKBAKHMH ITyTEM 3aCHIIIKH WJIM 3aKAYKHU rpaBusl Ha 3a00il 1o
MEXKOJOHHOMY MpocTpaHcTBy (puc.5). [logpazaenenue rpaBuitHeix GUIBTPOB HA
JIBE OCHOBHBIE IPYIIIbI JAET TOJBKO 00IIee MPEACTAaBICHUE O METOAAX YCTPOMUCTBA
Y YCTaHOBKHU (DMIIBTPOB B CKBAXKUHBI[§].

[Ipumenenue  rpaBUMHBIX  (UIBTPOB  OOYCIOBJICHO  CIEAYIOIIUMHU
MPEUMYIIECTBAMU:

I. Manplii rpaaMeHT TUIPABINYECKOTO COMNPOTUBICHUS II0 TOJIIUHE
buIbTpa U HU3KAsA UHTEHCUBHOCTh KOJIbMATAIIMOHHBIX MTPOIIECCOB;

2. Manoe compoTHBIEHHUE Kapkaca (uibTpa BCIEICTBHE BO3MOXKHOTO
YBEIIMYEHHUSI pa3MepoB oTBepctuid B 6-10 pas;

3. IIpocToTa KOHCTPYKIIMH, PABHOMEPHBIE CBOMCTBA IO JJIMHE W TOJIIIHMHE,
PaBHOMEPHBIN MPUTOK MO JJTMHE PUIBTPA;

4. BoicoKasi MPOHUIIAEMOCTh I'PaBUsl B CPABHEHUH C IIECKOM MPOIYKTUBHOTO
J1acTa, OTCYTCTBUE TYMUKOBBIX OIOD;

5. HeorpanuuenHas moBepXxHOCTh (PHIIbTpAIIMU U J00ast popma 3armoaTHeHUs

rpaBUCM KaBCPHBLI.
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PucyHok 5 — A — rpaBuitHbIN (GUIBTP U3TOTOBJISIEMBI BHYTPU CKBaXKUHBI; b -

(UIBTP € MpeABaApPUTEIBbHON I'PaBUMHON HAOMBKOM.

['paBuitHble GUIBTPHI HAUOOJIEE MTOJTHO OTBEYAIOT CJIEAYIONUM TPEOOBAHUSIM:

- IOCTaTOYHAsI MEXAHUYECKASI TPOYHOCTH;

- crabwibHas pabOTOCIOCOOHOCTH B TMEPUOJI BCEro CpOKa JKCILTyaTalluu
CKBa)KHHBI;

- CKBOXXHOCTh (PUJIBTPOB JOJKHA OBITH IOCTATOYHA JJIS MPOIYyCKa HEOOXOAUMOTO
KOJINYECTBA PACTBOPA B E€IMHUIY BPEMEHU MPHU JOCTATOYHO MAJIBIX BXOIHBIX
CKOPOCTSIX Y TUAPABINYECKUAX COMPOTUBIICHUSIX;

- «MEeCKOBaHUE» (PUIBTPOB JOMMYCKAETCS TOJILKO B MEPUOJ MPOOHBIX M OMBITHBIX

OTKa4YCK

2.2.1 Buasbl rpaBuitHbIX pUIbLTPOB

2.2.1.1 ®uabTpbl KOKYXOBbIE ¢ TPABUMHBIM 3aI0JTHUTEIEM

K rpaBuitHbiM GuiIbTpaM, U3roTOBISIEMBIM Ha TTIOBEPXHOCTH 3€MIIU, CIIEIYET
OTHECTH KOpP3UHYATHIC, KOXKYXOBbIe W OJiouyHOTO THMA. 3 Ha3BaHus (GUILTPOB
MEPBBIX JABYX THUIOB CIEAYyeT, YTO PhIXJiasg TpaBHitHas OOCKHINKA yJIEepPKUBACTCA
BOKPYI KapKacoB MpPW TMOMOIIM KOP3MHOK WM KOXYXOB. Pe3ynbrarsl
MIPOU3BOJICTBEHHBIX UCIIBITAHUNA OTEUECTBEHHOI'O OIbITa OYpPEHUS U SKCIUTyaTalluu
CKBOXHMH C Kop3uHYaThiMu GunbTpamMu Ha Boponexe, Mo3sbipe u apyrux
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noKa3ajah, 4YTO OTH  KOHCTPYKIMH  MaJIOMPOU3BOIUTENBHBI,  OBICTPO
KOJIbBMATUPYIOTCS; OHU CJIOXKHBI B MPOU3BOJACTBE U NPU YCTAHOBKE B CKBAKHUHBI.

[To M npuynHaM Takue GUIBTPHI HE MONTYUYWIH PA3BUTHSL.

OuIbTphl, Yy KOTOPBIX TpaBUHHBIE OOCHIIKH YIEPKUBAIOTCA NPHU MOMOIIH
KOXYXOB, M3IFOTOBIIEMBIX M3 METAUIMYECKMX W CHHTETUYECKUX CETOK,
NPUMEHSIOTCS B Hameld cTpaHe U 3a pyOexom. Kak mnpaBuio, KOXKyXOBbIE
(GuUIbTPBl YCTAaHABIMBAIOTCS JUIsl OTOOpa HEPTU M3 MEIKO3EPHUCTHIX IECKOB U B
TUX CIy4asx IOCJE CIyCKa KO0XXYXOBOrO (PHIIbTpa B CKBaXMHY MPOHU3BOAUTCS
OOCBITIKa BTOPOTO CJIOSl TPABUTALMOHHBIM CIIOCOOOM. B HEKOTOpBIX ciydasx ams
riTyOOKHX CKBaXMH (DUIIBTPBI YCTAHABIMBAIOTCS 0€3 JOMOJHUTEIBHON rpaBUNHON
oOchInku. OCHOBOU NIl KOKYXOBOr0 (MIIBTPAa MOTYT OBITH TpyOudaThle ONOPHBIE
KapKacel, U3 IPOCEYHOIO JIUCTA, a TaKXKe KapKacHO-CTepyKHEBble. K0XyxoBble
(GuUIbTPEl  YCTAaHABIMBAJIUCH IPU CTPOUTEIBCTBE JPEHAXKHBIX CKBAXHUH B
VYaesHoBcke, Kamenke-/[HEMPOBCKOW U B APYTUX MECTAX.

JIns ycTpolcTBa KOXKYXOB B HAIllEd CTpaHE NPUMEHSAETCS CTPOUTENIbHAS CETKa U3
IIPOCTOM CTAJIM KBAJIPaTHOTO IUIETEHHs C pasMepoMm suerku 1X1 wmm 2X2 MM u

penko 6oJiee.

2.2.1.2 ®OuabTphl 0J104YHBbIE

[Ipu OypeHuu CKBaXUH MaiblX U cpeaHux rayoun (mo 100 M) ycmemHo
NPUMEHSIOTCSI TPaBUMHBIE (PUIBTPHI C PBIXJIOW OOCBHINKON, KOTOpas CO3AaeTcs
NyTeM 3achbIIKM MM 3aKaukKd TpaBUsl B MEXTpyOHOe mpocTpaHcTBo. B OGoiee
rIIyOOKMX CKBOKHMHAX C HEOOJBIIMM KOHEUHBIM JHAaMETPOM, a TakXke TMpu
BCKPHITMH HAMOPHBIX HEPTEHOCHBIX TOPU30HTOB, CAMOM3JIMBAIONIMXCS Ha
MOBEPXHOCTh 3€MJIM, YCTPONCTBO TaKUX TPABUUHBIX (UIBTPOB 3aTPYJHEHO, a B
HEKOTOPBIX CITydasx HEBO3MOXKHO.

Kpome TOro, mMpoOM3BOJACTBO PHIXJBIX OOCHIIOK TpeOyeT HEOOXOIUMBIX
TEXHUYECKHUX HABBIKOB y OypoBbIX MacTepoB. [loaToMy Obutd co3maHbl QPUIBTPHI

0JIOYHOTO THUMA, Y KOTOPHIX TpaBUiiHAs OOCHIIIKA CBSI3aHA Pa3IUYHBIMU
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CKJICHBAIOUIMMH M IIEMEHTHUPYIOIIMMHU BemecTBaMu. OCHOBHAs Hes CO3JaHUS
GUIBTPOB ASTONM KOHCTPYKIIMU 3aKIIOYAaeTCs B TOM, YTOOBI HE MPOU3BOJAUTH
onepanuid Mo moaoopy (UIBTPOB U OOCHINKH, & YCTAHABIMBATHL UX B TOTOBOM
Buje. M3roToBneHHbIe MOPUCTHIC OJIOKM HA/EBAIOT UM HAKJICUBAIOT Ha OTIOPHbBIE
KapKachl M3 CTAJIbHBIX WJIM aCOECTOLIEMEHTHBIX TPYO U OIMYCKAaIOT B CKBaXXUHY B
TrOTOBOM BHUJIE.

['paBuiinpie QUIBTPHI OJIOYHOTO THUMA JAOKHBI OTBEYATh CIIECAYIOIIUM
TpeOOBAHUSM:

o OJIOKM, HaJeBaeMble HA CTaJbHBIE KapKachl, TIOCKOJbKY HEIUJIOTHO
OPUJIETalOT K TUIOCKOCTH TPYOBI U, CJIEI0BATENbHO, BOCIHPHHHMAIOT Ha ce0s
ropHOo€ U (UIBTPALMOHHOE JIaBJICHHE, JAOJDKHBI COXPaHATh HEOOXOIUMYIO
IPOYHOCTh, WJIM OHAa MOXKET CHWKAThCSI B TAaKOW CTETMEHH, YTOOBI OCTATOYHAs
MPOYHOCTH ObLIA JJOCTATOYHOW B TEUEHHE CPOKA PAOOTHI COOPYKEHHS,;

o CKJICHBAIOLINE BEUIECTBA JOJKHBI OBbITh YCTOWYMBBIMHM IO OTHOIIECHHIO K
KOPpO3UU M D3pO3UH, HEU30€KHO BO3HHUKAIOUIMM MpU (UIBTpPALMU  BOJBI
Pa3IMYHOTO XUMUYECKOTO COCTABA,

o CKJIEHBAIOLIME BEIIECTBA HE MOTYT COAEpX aTb B CBOEM COCTaBe
XUMHUYECKUX KOMIIOHEHTOB, BPEIHBIX Ul 370pPOBbs 4eNOBEeKa(AJsl CKBaKUH
MUTHEBOTO THUIIA);

o (GuIbTPHl OGJIOYHOrO THUMA JOJKHBI MMETh JOCTAaTOYHBIE pa3Mepbl MOp U
MOPUCTOCTH, 00ECIIEYNBAIOIINE HEOOXOANUMBIN MPUTOK BOBI K CKBAKUHE.

I'paBuitHble  (UABTPHI OJOYHOIO THUNA MOTYT OBITh JBYX BHJIOB:
MOHOJIMTHBIE U ITyCTOTENbIE.

MoHonuTHbIE (UABTPHl HMMEIOT CIUIOIMIHOE TI'PaBUWHOE 3aroJIHEHUE:
bunbTpansa KUAKOCTH dYepe3 HEero MPOUCXOAWT IO MEPUMETPY, a BBIXOIUT
KUJKOCTh Yepe3 BEpXHUU TOPIOBBIA KOHEI. B mycroTensix pumbTpax 0I04HOTO
tuna QuibTpanus (GIrouga MPOUCXOIUT MO MEPUMETPY Yepe3 TPaBHIHOE KOJIBIIO,
a BBIXOJUT (hITIOU]T Yepe3 CTBOJ, OOpPa30BaHHBIN MyCTOTEIBIMHU OJIOKaMU MO BCEH

uHEe QUIIbTpa, JTMOO0 Yepe3 TpyOUaThlil KapKac, Ha KOTOPBIA HAJEThI OJIOKH.
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B nameit ctpane 11t CBSI3U TPaBUIHBIX 4aCTHUIl B OJIOKH MPUMEHSIIUCH Pa3IMYHbIC
CKJICMBAIOIINE U [IEMEHTUPYIOIINE BEIIECTBA: KJIEH PE3UHOBBIN, CUIIMKATHBIN, bD-
2, b®d-4, OGakenuTOBBIM JaKk Mapku-A, OUTYM, IIEMEHT, SIMOKCHUJHAs CMOJIA U
JpyTHe BEUIECTBA.

B Hacrosimiem paszene He paccMaTpPHUBAIOTCS MOAPOOHO KOHCTPYKIUHU (UIBTPOB
0JIOYHOTO THIMA, TTOTOMY YTO OHHM HE TOJYYMUIIM MACCOBOTO MPUMEHEHHS TpPH
00opyaoBaHUYU OYPOBBIX CKBAKUH Ha HE(PTH.

B pesynbrare 1abopaTOpHBIX M TMOJEBBIX HCCIEIOBAHUN BBISIBUIUCH OCHOBHBIC
NPUYUHBI HEYIOBICTBOPUTENHHOM paboThl (GUIBTPOB OJIOYHOTO THUIIA:

o OObpa3zoBanne MEXaHWYECKOTO M XMMHYECKOTO KOJbMaTa)ka Ha BHEITHEH
MOBEPXHOCTH (QUIBTPOB W XUMHUYECKOTO KOJbMaTaka Ha BHYTPEHHEH
MOBEPXHOCTH BCJIEICTBUE MPOHUKHOBEHUS MPOAYKTOB KOPPO3UH, 00Pa3yIOIIUXCS
IIPU pa3pyIICHUH CTATBHBIX OMOPHBIX KApPKACOB.

o BBeneHue CKIEHMBAIOIIMX BELIECTB B MacCy TIpaBusi MPUBOAUT K
00pa30BaHMIO TYNMHUKOBBIX IOP, B CBSI3U C YEM B OJIOKAX 3a/J€p>KMBAIOTCS MEJIKUE
YacTHIIBI HEPTEHOCHBIX MOPO/JI, YTO PE3KO MOBBINIAET BXOIHBIE COMPOTUBICHUS B
¢unbTpax W CHIXKAET NPOU3BOAMTEIBHOCTh CKBAXKHUH. OJTO OCOOEHHO pE3KO
NPOSIBIISIETCS B GUIIBTPaX, M3TOTOBICHHBIX U3 MEJIKOTO TPaBUs U MecKa.

o 3HayuTeNIbHbIE MOBPEXKICHUS MIPU MEpeBO3KaxX. B HEKOTOPBIX OpraHU3aLusIX
oot punbTpoB mocturan 40—60%. Ilpu ycranoBke GUIBTPOB B 3UMHEE BpEMsI
HaOJI0JaTMCh TOBPEKICHHUS OJIOKOB BCIIECTBUE 3aMEP3aHHUs U PACIIUPEHUS BOJIBI
B TIOpax.

o CxBaxuHbl, 000py0BaHHBIE GUIBTPAMH OJIOYHOTO THIA, IO CPABHEHHUIO CO
CKBOXXKMHAMH, OOOPYJOBaHHBIMH (DUIBTPAMHU C PBHIXJION TPaBUMHOW OOCHINKOM,
MEHEe MPOW3BOJUTENbHBI W MEHEE YCTOWYMBHI K TpOIleccaM XUMHYECKOTO
3apacTaHus U KOJbMaTaxa.

o OunbTp-07109YHOTO THUMA TIPU BOCCTAHOBICHUH TPOW3BOIUTEIHHOCTH
CKBOXMH C TIOMOINBIO B3phIBA JIETOHHUPYIOIIETO IIHypa paspymiaroTcs. [lpu
KHCIIOTHBIX 00paboTKaxX TpaBUUHBIX (UIBTPOB C HCHOJb30BaHUEM Kiess bD-2 u

b®-4 pe3ko mMoOHMKAETCS MeXaHWYecKas NPOYHOCTh OJOKOB. [Ipu KHCIOTHBIX
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oOpabotkax  QuibTpoB  OM0oyHOrOo THUmMa (KEPAaMHYECKHMX U KIIECBBIX)
BOCCTAHOBJICHHE ITPOU3BOJUTCIILHOCTH MeHee 3(PQPEKTHBHO IO CPaBHEHHIO CO
CKBR)XMHAMH, O0OOPYJIOBaHHBIMH (DUIBTPAMH C PBIXJIBIM KOHTYPOM TpaBUIHOMN
OOCBITIKHY.

Bce ykazaHHOE BbINIE NMPHUBEIO K TOMY, YTO B HACTOSIIEE BPEMs MPOHM3BOJICTBO
(GWIBTPOB OJOYHOTO THIIA U MX BHEIPCHUE B MPAKTUKY OypeHHsI B HAICH CTpaHe

MOBCEMECTHO MPEKPALLEHO, OAHAKO 3a PyOEKOM 3TH KOHCTPYKLUU TPUMEHSFOTCSL.

2.2.1.2 ®uabTphbl, cO31aBaeMble HA 3200€ CKBAKUH

B otnuuue ot rpaBuitHbIX (PUIBTPOB, KOTOPHIE M3TOTOBJISIOTCS HA MOBEPXHOCTU
3eMJId M OIYyCKAalOTCS B CKBa)XUHBbI B TOTOBOM BHJIE, MPUMEHSIOTCS TpaBUHHBIE
bunbTphl, coopyxkaemble Ha 3a0oe ckBaxuH. CymiecTByer JBa cmoco0a
COOpPYKEHUSI (PUIBTPOB TAKUX KOHCTPYKIIMIA:

1. Cnoco06 rpaBUTalMM, PU KOTOPOM TPaBUM OCAXIaeTcs BOKPYr (PUiIbTpa
npu CBOOOJHOM TMaJ€HWU YacTHll Ha 3a00i B MexTpyOHOM IIpoctpaHcTBe moj
JNEUCTBUEM CHJI TSIKECTH.

2. Cnoco0d npUHYIUTENBHOTO OCAKIEHHUS I'PaBUs IyTEM 3aKauyKu €ro Ha 3a00H
NIOTOKOM  IPOMBIBOYHOM  JKMJKOCTH  C  HCIOJIB30BAHUEM  Pa3JIUYHBIX
PUCTIOCOOJICHU.

OOBIYHO TPABHUTAIMOHHBIN CIOCOO MPUMEHSIETCS B CKBaXKMHAX, TIyOWHA
koTopbix He npesbimaeT 100 m. [Ipu yctanHoBKe (HDUIBTPOB HA IKCIUTYaTAIIMOHHOM
KOJIOHHE, TOJIIMHA TIPaBUHHON OOCHIIKM OOBIYHO HEBEJIMKA W HAXOAMUTCS B
npenenax 50—75 mMM. 3a HIOKHHUM Mpeaen MPUHUMAETCS TOMIKUHA 00CHITKH 50
MM, TaK KaK [PU MEHbIIEH pa3HUIIE MEXAY TUaMeTpaMu (PUIbTPOBOM U 0OCaAHON
KOJIOHH I'paBUMHBIE OOCBHINKU MOTYT ObITh HE HAJC)KHBI.

B Menko3epHHCTBIX NOpoJax, a TaKXKe B IOpoAax, NPEICTaBICHHBIX
CPEIHE3EpHUCTHIMU (PPAKIUSAMU, HEOOXOUMO MPUMEHATH JABYXCIOMHYIO U pexe
TPEXCIONHYI0 OOCHIKKA. B OmMUCaHHBIX BBINIE YCIOBUAX TpaBHifHash OOCHITIKA

yJIydinaeT (puibTpaIuio Kak B Mpu3adoitHOM 30HE, TaK U B caMOM (PrIibTpe.
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JomyctuMm, 4YTO HE(PTEHOCHBI TOPU3OHT NPEACTaBICH IMeCKaMH C TIpe-
obOnanatomum guametpom dvactuir 0,1 MM, BOABI 3TOr0 TOPU30HTA HMEIOT
HEYCTOMYMBBIA XUMHUYECKUN cocCTaB. Eciaum COOTHOILIEHHWE [auamMeTpa 3€peH
TpaBUIHON OOCHITIKA M JUaMeTpa HEeBBIMBIBAGMBIX dacTHI] paBHO 1 : 10, pazmep
3epeH TIpaBUNUHON OOCHIIKMU JIOJDKEH cOCTaBiATh 1 MMm. s mpemynpexaeHus
BBIMBIBaHUSI TPAaBUMHOM OOCHITIKK. TOIMHONM 50—75 MM pa3mep Iened Ha
¢unbrpe gomkeHn ObiTh 0,9— 1 mMm. B nmanHOM ciydyae B TOJHOW Mepe
oOecrieunBaeTcs HOpMasbHas padoTa (UIBTPOB 0€3 MECKOBAHUSA U Pa3pyILICHUS
rpaBuifHON 00ChIMKU. OAHAKO Y3KHE MIETU U MEJKUE MOPHI B TPAaBUITHON 0OCHITIKE
ITOABEPKEHBI 3aPACTaHNUIO B KOPOTKOE BPEMSI.

['paBuitHbie  QUIBTPHI cO3/laBacMble Ha TMOBEPXHOCTH (KOXKYXOBBIE,
KOp3WHYaThle, OJOYHBIE) OTHOCUTEIBHO MAJIONPOU3BOJUTEIbHBI, JIOCTATOYHO
OBICTPO KOJBMATUPYIOTCS, CJIOKHBI U JJOPOTH MPH HMPOU3BOACTBE U CIOXKHBI MIPH
ycTaHOBKEe B ckBaxuHe. Kpome Toro, mocie cmycka (uibTpa B CKBaXHHY,
HEOOXOJIMMO MPOU3BOJIUTH OOCHIIIKY BTOPOTO CJOSI TPABUTAIMOHHBIM CIIOCOOOM,
YTO yBEIMYHUBAECT BPEMEHHBIE 3aTpaThI[7].

['paBuitHble QUIBTPBI CO3/1aBacMble Ha 3a00€ MpPU BCEX JTOCTOMHCTBAX HE
Bcerja 00ecreyrBaloT BHICOKOTO KauyecTBa I'paBUMHOM 0OChINKuU. [Ipu sTom mist
obecrnieyeHrss HEOOXOAMMOM TOJNIIMHBI 3aCBhINKH TPEOYETCsl yBEIMUEHUE JUaMeTpa
CKB&)KMHBI U paclIupeHus (UIbTPOBOM 30HBI CKBAXKUHEIL. [1]. Bce 3TO nmpuBoauT K
YBEJIMYECHHUIO BPEMEHHBIX U (DMHAHCOBBIX 3aTpar.

C uenplo cokpauieHusi 3arpaT Ajig 000pylnoBaHUS (PUIBTPOBOM YacTu
CKB&)XMHBI, BO3HUKIJIa HEOOXOJAMMOCTb B CO3JaHUU U Pa3pabOTKE TEXHUYECKUX
CpPEICTB U TEXHOJOTUW TpaBUMHOW  OOCHIIKM  MPUGUIBTPOBONM  30HBI
NMPONYKTUBHBIX IacTtoB. [lpm omnmcanum mnpouecca CO3JaHUASA TEXHUYECKHX
CPEIICTB ¥ TEXHOJIOTHI TPaBUITHONM OOCHITIKA BBEJICH TEPMHH ‘‘IC3UHTETPUPYEMBIH
rpaBUdHBIN PUIBTP” JI1 TOro, YTOOBI MOAYEPKHYTh OCHOBHYIO OCOOEHHOCTH
ATOTO crocoba JAOCTaBKM TpaBusi Ha 3a00M CKBakMHBI. TeXHOJOTHS MeToAa U
OCHOBHBIC TPEUMYIIECTBA TMepe] IPYyrMMU BapHaHTaAMU TPABUHHON OOCHIIKH

paccMOTpEHBI B CIIEAYIOIICH TIIaBe.
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2.2.1.3 le3uHTerpupyemMblii rpaBUiiHbIN PUIALTP

C unenbto yBenuueHuss 3PGHEKTUBHOCTH OOYCTpoHCTBa (UIBTPOBOM YacTH
CKBQ)KHHBI, TIPU COOPYKCHUH CKBAKUH MTPOBOIUIIUCH UCCICIOBAHUS 110 CO3/IaHUIO
U pa3pabOTKe TpaBUU-TUIB3BI JJsi  oOecredeHuss TpaBUHHONW  OOCHITIKH

npuGUIBTPOBOM 30HBI MPOAYKTUBHBIX TIACTOB [7].

OCHOBHBIE MPEUMYIIECTBA NPUMEHEHUs TPaBUU-TWIB3bl MEped  APYrUMHU
BapUaHTaMU I'PaBUITHONU OOCHITIKU:
- HaJIS)KHOCTh JIOCTaBKU TPaBUIHOTO (PUIIBTPA;
- IUIOTHAasT W PAaBHOMEpPHAs YycCaJKa TpaBHUs 1O BBICOTE U IEPUMETPY
BOJIONIPUEMHON YacTu puibTpa (MpeaoTBpallleHue 00pa30BaHUs MyCTOT);
- HEBBICOKAsi CTOUMOCTb M POCTOTA U3TOTOBJICHNUS,
- CHIDKEHUE TPY103aTpaT Ha COOPYKEHUE CKBAKUHBI.
OcHoBHas 3a/1a4a dKCIepUMEHTAIbHON yacTu: Pa3paboTka HECKOJIBKUX pELEnTyp
COCTaBa JJIsl CKJIICMBAHUsI TPABHsl B TPABUM-TUIIb3€E, UX aHAJIN3 U CPABHEHHUE.

Jle3uHTerpupyemMblii rpaBUMHBINA (QUIBTP — W3JEIHE, NMPEACTABIAIONIEE U3
ceOsl cMech TpaBHs, CKJIEHBAIOIIErO peareHTa U YyAepXKUBarouleil 000J10YKH,
3aKpeIIEHHOE Ha (PUIBTPOBOM TpyOe, KOTOPOE MO UCTEUEHUH 3aJAHHOTO BPEMEHU
pacTBOpsieTCs C IOCIEAYIOIIUM OCBIIAHUEM TIpPaBUsA B 30HY IIPOJYKTHMBHOIO
I1acTa.

TpeOGoBaHus, MpeAbSBISIEMbIE K KOHCTPYKIIUHU:
- pacTBOopeHue ¢GuiIbTpa AOKHO JOCTHrathcs B mpeaenax 5—10 vacoB mocine
Hayaja CIyCKa B CKBaXXUHY;
- KOHCTpYKLHMs (UIbTpa HE JIOJDKHA HApyIIaThCsl B MpoIlecce cIycka oOcaaHOiM
KOJIOHHBI;
- obOecrieueHHEe MUHUMAJIbHBIX THAPABIMYECKUX COMNPOTUBJICHUN MpPU CIIyCKE
¢uIbTpa B TEXHOJOTUYECKYIO CKBAXKHHY;

- BO3MOKHOCTb JIETKOW HaJIexHOU cOOpKHU puiabTpa ¢ 00CaTHON KOJIOHHO;
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- OCYILIECTBJICHHE KAa4eCTBEHHOTO OJHOPOJHOTO YIUIOTHEHUA (QUIbTpa B

(bUIBTPOBOM YaCTH CKBAYKUHBI.

3. 3KCIIEPUMEHTAJIbHAA YACTb

Tak  kak  KOHCTPYKUMH  (UIBTPOB  MaJONPOU3BOAUTEIBHBI,  OBICTPO
KOJIbMaTUPYIOTCSl, OHM CJIOKHBI MPU MPOU3BOJACTBE M YCTAHOBKE B CKBa)KWHE,
HEOOXO0MMMO pa3paboTaTh ONTHUMAJIBHBIA METOA JOCTAaBKH TpaBus Ha 3a00M,
JUIICHHBIA TaHHBIX HejocTaTkoB. Hambomee mpueMsaeMbiM BapuaHTOM CO3JaHUS
(GUIBTPOBON YaCTH TEXHOJOTHYECKUX CKBAKUH SIBJISICTCS CIIYCK MAayKW TPaBHsl B
CBSI3AHHOM COCTOSIHMH, KOTOPBIA PACTBOPSIETCS B YIJIICBOJOPOJHON Cpeie WU B
JOPYTUX M3BECTHBIX HAyKe pacTBOPUTENSX, HpPU HSTOM HMEIOLUN MPOYHYIO
CTpYKTYpYy. Takoil puibTp Ha3bIBAETCS — NE€3UHTETPUPYEMBII IPaBUIHBIA QPUIBTP.
[TpeumymiecTBa MPUMEHEHUSI JTaHHOW TEXHOJIOTWU Mepes APYTMMU BaphaHTaMHU
rpaBuitHON 00chIKH [30-34]:
* Hafge:xHOCTh JOCTAaBKU IPABUITHOTO (PUIIBTPA.
* IlpenorBpamieHre oceqaHusl TIpaBHsl BbIlle (QUIBTPOBOM 30HBI (B
TpelMHaX, KaBepHaX U CYKEHUSIX CTBOJIA CKBAKUHBI).
« IlnoTHass u paBHOMEpHas ycajaka TpaBUs IO BBICOTE U TEPUMETPY
BOJOTIPUEMHON yacTu (QuibTpa (IpeaoTBpalieHue o00pa3oBaHUs
MyCTOT).
* CHMKAIOTCS TPY103aTPAThl HA COOPYKEHUE CKBAKHUHBI.

* BosmoxuocTs nuddepernuanuu  ¢pakuuid rpaBURHOTO (GUIBTpA IO

pasmepy.
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3.1 Pa3zpa0oTka KOHCTPYKUMHU IPABUH-THJIb3bI

TpeboBanusi, mpenbsiBiasieMble K KoHCTpyKuuu [T

° pactBopenue I'T momkHO pocturatbes B mpeaenax 4—8
4yacoB nociie Hayana cinycka ['T' B CKBaxuHYy;

° I'T momxHa BBIAEPKUBATH BEC KUCIOTOCTOMKOrO TPaBUs,
CHJIBI TPEHUSI O CTEHKM CKB&XHUHBI, a TaKXKe JICHUCTBYIOIIUE
TUPABINYCCKHUE CHIIBI B IPOIECCE CITycKa 00CaHOM KOJIOHHBI;

° I'T momxHa 001a1aTh JOCTATOYHBIM 3HAYEHHEM aJre3UU
¢ o0caTHOM KOJIOHHOM;

° obecricueHNe MUHUMAJIBHO BO3MOKHBIX THJIPABIMUECKUX
conpoTuBieHu# npu cimycke ['T' B TeXHOIOTHYECKYIO CKBaXXUHY ((hopMma

WJIM COOTHoIIeHrEe quamMeTpoB [T U CKBaXUHBI);

° BO3MOXXHOCTh JIETKOM HajexHoi coopku I'T ¢ oOGcamHoit
KOJIOHHOM
° OCYILIECTBIICHUE Ka4e€CTBECHHOTO OJIHOPOJTHOTO

YILUIOTHCHUS FpaBI/IfI-FHHB3BI B (I)I/IJIBTPOBOI\/’I JaCTH CKBAXUHBI.

3.1.1 Pazpadotka ¢opmsbl 1 pazmepoB I'T" 1i1s1 yMeHbIIEHHS THAPABIHYECKUX
conporuBJieHui npu cnycke I'l' B ckBaxuHy
Bo3moskHbIe (OpMBI THIIB3BI:

- cmiomHoOM mwmwmHAp (puc. 6, a) — TMPOCTOTAa U3TOTOBJICHHUS;
MaKCHUMAJIbHBIA MoJIe3HbIM 00beM ['T; BO3SHUKHOBEHHE BBICOKHX THAPABIMYCCKUX
COIIPOTHUBIICHUM.

- UWIUMHAP C TNOpOJdoJbHBIMU peOpamu (puc. 6, 0) — CHUXKEHUE
TUAPABINYECKUX COIMPOTHUBIICHHUM, O00O€CIeueHrne JIAMUHAPHOTO HAMPABICHHOTO
JBWDKCHUSI KUJKOCTU, YCIOXKHEHHWE KOHCTPYKIIMH; YMEHBIICHUE T0JIE3HOTO

00bEMA TUJIB3HI.
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- xarcyna (puc. 6, B) — CHWKEHUE TUAPABIMYECKHX CONPOTHUBICHHUN 32
cuet o0TekaemMon (POpPMBbI; YMEHBIIICHHE TIOJIE3HOTO 00heMa THIIb3bI, 0COOCHHOTO B
MeCTaX KpEeIUIeHUs APYT K IPYTY;

- OWIMHAP C TPOMOJBHBIMH OTBEPCTHSIMH B Telle I TMPOTEKAHUS
KHUAKOCTH (pUC. 6, T) — CHIDKCHHE THUIPABINYCCKUX COMPOTHUBICHUHN; pE3Koe
CHIDKCHHE TIPOYHOCTH KOHCTPYKIIMM THJIB3Bl; YCIOKHEHHUE  MPOIETypHI
W3TOTOBJICHHSI THITB3EI.

- UJIUHAP TIEPEMEHHOTO auaMeTrpa (puc. 6, 1, €) — CHIKCHHE TOJIE3HOTO

o0BeMa I'AJib3bl; THAPOUMITYJIILCHOC BOSHCﬁCTBHC Ha THIb3Yy, YCIOXHCHHC

N

IIPOLIEAYPHI U3TOTOBJICHUSI.

TN
(=

S ot

£ - (
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Pucynok 6 — Boamoxusie ¢popmel ['T: a — crtomHoi nuusap; 6 — UIMHID ©
IPOJOJIBHBIMU PEOpaMu; B — Karcynia; I — [MWIHHJP C NPOAOIbHBIMU OTBEPCTUSIMHU

B TCJIC IJIA IIPOTCKAHUA X XKUAKOCTH; I, € — HUJIMHAP IICPEMCHHOI'O IUAMETpPA

Psan yBenuueHust CI0)KHOCTH U3TOTOBJIEHUS (CTOMMOCTH) TUJIb3bI: LIMIIMHAP
CIUIOIIHOM — Kamncyja — IIIMHAP CO CIUIOIIHBIMU pedpaMu — UWIMHIP C
NIEPEMEHHBIM IHaMETPOM — HUJIUHAP € IPOJOJIBHBIMU OTBEPCTHIMM.

IIponecc  mpoOeKTUpPOBaHWMA  KOHCTPYKIMM M T€OMETPUYECKUX
XapaKTEPUCTHK TPABUI-TUIIB3bl 00JIaJa€T TPAaHUYHBIMH YCIOBUSMH, KOTOpPBIE
00yCIIOBJIEHbl BO3HUKHOBEHHEM THAPABINYECKUX COMPOTUBICHUN IPU CIyCKe
KOMIIOHOBKH B CKBa)KHHY.

B nanHoM cnyyae BaxkeH He OOBEM BSHEpruu, 3aTPAueHHON Ha CIIyCK
KOMIIOHOBKHA B CKBQ)XHHY, 3aIIOJIHEHHYIO JKMJIKOCTBIO, @ HAIpPsKCHUsA, KOTOpbIE
BO3JICMCTBYIOT HA I'PABUK-TUJIB3bI U IUIACTHI TE€OJIOTHYECKOTrO pa3pesa. Ilockonpky
3TH BEJIMYUHBI OOYCIABIMBAIOT JAPYr Apyra M HPONOPLHUOHAIbHBI (YEM BBILLIE
TUAPABINYECKHE CONPOTUBIICHUSA, TE€M OOJBIIME HANPSKEHUS BO3HUKAIOT Ha
IPAaHULIAX pa3zelia «TPaBUK-THIIb3a — KUIAKOCTb» U GKHJKOCTh — IUIACT»), TO IS
y00CTBa MPOBEACHUS PAacYETOB MCIIOJIB3YIOTCS U3BECTHBIE METOAMKHU U3 TEOPUU
ruapoa’pomexaHuku 0ypenus [10].

B caydae mpeBbllleHHs ~ MaKCHUMQJIbHO  JOIYCTHUMBIX  3HAYCHUMU
TUAPABINYECKUX CONPOTHUBICHUN BO3MOYKHBI HWXKECIEAYIOIIME HEraTUBHbBIC
MTOCJIEACTBUSA:

- nedopmanusi, paspylieHUE, OTPbIB TPaBUU-TUIB3bl OT KOJIOHHBI
o0caiHbIX TPYO;

- TIPEXJIEBPEMEHHBIN IPO3MOHHBIA W aOpa3WBHBIN WU3HOC TPaBUN-THIIH3BI
IIOTOKOM PacTBOPA, 3aIOJHAIOIIETO CKBAKUHY;

- BO3HUKHOBEHHE 3(P(eKTa «IOPIIHEBAHUS» MPHU CIIyCKE KOMIIOHOBKHU
00CaJlHOM KOJIOHHbI B CKBaXXUHY M, KakK CJEJICTBUE, THIPABIMYECKUN pa3phiB

IJI1aCTOB C MOCJICAYIOIUM ITOTJIOICHUEM KUJIKOCTH, SaHOHHHIOIHCfI CKBAXKXHHY,
30



- TIOBBIIIEHHBIM MW3HOC CTEHOK CKBaXXMHbI ITIOTOKOM IIPOMBIBOYHOMU
KUJKOCTH, HAPYIICHHE HMX YCTOWYMBOCTH, OCBIIM M OOBajbl C BO3MOXKHOCTBIO
3aTSHKEK M MOAKIMHOK 00CaJHOM KOJIOHHBI, OCOOEHHO, B MHTEPBAJE YCTAaHOBKHU

OEHTO- ¥ IPaBUK-THIIb3.

3.2 Pa3paboTka peuentypbl pacTBOpa AJf CKJICHBAHUA IPAaBUS

[IpyHATO BBIAEHATH JBAa OCHOBHBIX YPOBHS HAYYHOIO ITO3HAHMS:
OMIIMPUYECKUN M TeopeThudecknid. KaXaoMy ypOBHIO COOTBETCTBYIOT CBOU
METOJbI HccienoBanus. JlaHHas HayyHas paboTa MoJpa3yMeBaeT UCIOIb30BaHUE,
KaK METOJIOB SMIIMPUYECKOMN TPYIIIbI, TAK U METOJIOB TEOPETUUYECKOM.

[TepBoHavaNbHBIA BHIOOP CKJICUBAIOIIUX PEAr€HTOB MPOU3BOIMIICS IMyTEM
aHalln3a CBOWCTB PAa3JIMYHBIX W3BECTHBIX PEAreHTOB M TEOPETUUYECKOTO
MOJICIMPOBAHUSl pe3yJibTaTa MX MNpuMeHeHusa. [lociie Teopernyeckoro BbIOOpa
CKJICMBAIOIINX PEAreHTOB OCYIIECTBIUICSA MEPEXOJ HA SMIUPUYECKUAN YPOBEHD
UCCJICIOBaHMSI, BKJIIOYAIOMMA B ceOs  IUIAaHUPOBAaHUE U TMPOBEJCHUE
DKCIIEPUMEHTOB.

3.2.1 Bb10op 1 000CHOBaHHE CKJICHBAKIIHNX PEAreHTOB

B nannoit paboTe OBUIM PAaCCMOTPEHBI CIEAYIOIIHUE CBA3YIOLIUE
MaTepuabl:

Macmuxka OumymHno-Kayuykoeas — MOJMKOMIIOHEHTHAs] MAacTHKa
XOJIOJIHOTO TIPUMEHEHHs Ha OCHOBE He(TsSHOro OuUTyMa M OPraHUYECKHUX
pactBopuTenied ¢ J00aBlEHMEM PE3MHOBOW KPOIIKH MENKON  (pakmuw,
CUHTETUYECKOTO TEPMOIIJIACTUYHOTO OJIOK-TIOIMMEPA U CMOJISTHBIX KUCIIOT.

bumymnaa macmuxa — Ha OCHOBE BBICOKOKAYECTBEHHOI'O KPOBEJIBHOIO
OuTymMa, OpPraHMYECKOTO paCTBOpUTENA, IUIACTU(UKATOpA, HAMOJHUTEIS U
repOUIIMAHON T100aBKHU.

bumym — TBEpABIE WM CMOJIONOJIOOHBIC TPOIYKTHI, MPEICTABISIONINE
co0Ol CMECh YTJIEBOJIOPOJIOB U MX a30TUCTBIX, KUCIOPOIAUCTBHIX, CEPHHUCTBHIX U
METAJJIOCOIEPKALIUX MPOU3BOAHBIX. BUTYMBI HEpaCTBOPUMBI B BOJIE, TOJHOCTHIO
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WM YaCcTHYHO pPACTBOPUMBI B O€H30iie, XJopodopMme, cepoyriiepoae H p.
OpPraHUYECKUX PACTBOPUTEIAX; MIIOTHOCTHIO 0,95—1,50 1/cM3.

Knen b®d-2 — TEPMOPEAKTUBHBIN OJHOKOMITOHEHTHBIN
NOJINMEPU3YIOIIHUICS K€ ¢ BO3MOXKHOCTBIO ~ MPUMEHEHHS KaKk  IPOCTOrO
BbIChIXarolero kies. [locne ropsuedt moammepu3aluy co3AaéT ManodI1acTUUHbBIN
moB ¢ TtepMocToiikocThio 10 180 °C. IlpencraBisier coboil  rycryio
IPO3PAYHYIO KUAKOCTB JKENTOTO, KpacHOTO WIH OypO-KOpUYHEBOTO
ugera. Kneit b® He nojBepkeH THUEHUIO U KOPPO3UOHHBIM BO3JEHCTBUSM, CTOCK
K JeiicTBuIO aTMocdepsl, BoJIbl, Macia u 6en3una. Kineit b® oruneomnaces.
[IpencrasisieT coboit dhenondopManbaeruIHyIO
CMOJIy Y TIOJIMBUHUIIALIETAb WM TIOJUBUHIIOYTHPAIIb, pacTBOpEHHBIE
B OTWJIOBOM  CIIUpTE, anieTone uiM xjaopopopme. Hudpa mnocne OykB «bD»
O3HauaeT MPOLEHTHOE COJAEpkKaHUE MOJIMBUHWIOYTHpasid B cyxoM BemectBe. C
YBEJIIMYEHUEM KOJMYECTBA BUHUJIOBBIX JOOABOK PACTET 3JIACTUYHOCTH IIBA, HO

YMEHBIIAETCS TPOYHOCTb.

3.3 MeToabl HCCJI€JOBAHUM

3.3.1 MeToauka noaroToBKu 00pPa3unoB rpaBHii-THJIb3bI
B pabGore paccMarpuBajioch HECKOJBKO BO3MOXKHBIX  BapHaHTOB

KOHCTPYKIIMU IPaBUNU-TUJIB3: C pACTBOPUMOM 000JIOUKOM; C IpaBUEM, CKICECHHBIM
CBSI3YIOIIMM COCTAaBOM; CO CBSI3YIOIIIMM COCTaBOM U PAacTBOPUMOI 000Jsi0uKkoi. B
CBSI3M C ATUM METOJMKA MOATOTOBKUA OOPA3IOB JUIsl JIAOOPATOPHBIX UCIBITAHUM C
UCIIOJIb30BAHUEM  Pa3JMYHBIX COCTABOB CBS3YIOIIET0 M OOOJIOYKM  Oblia
VHIUBUYyaJIbHOM.

B o6miem Buge MeToaMKa MOATOTOBKH OOPA3IOB BBITIIAAETA CICTYIOITIM
oOpazoMm. [lns wu3roroBnenuss [T mnpuroraBiuBaiiach cMecChb U3 TpaBUS H
CKJICUBAIOIINX PEareHTOB U pac(hacoBhIBaIaCh B METAJUIMUECKHUE U TIACTUKOBBIC
dbopmer  (puc. 12). UYepe3 ckBo3HOE oOTBepcTHe B (opMe mpoIycKaics
METAJJTHYECKUN  CTEP)KEHb, HUMUTHUPYIOIIUK (QUIBTPOBYIO KOJIOHHY. 3aTeM

rpaBuitHasi CMECh yTPaMOOBBIBAIACH.
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https://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%BE%D0%BB%D0%B8%D0%B2%D0%B8%D0%BD%D0%B8%D0%BB%D0%B0%D1%86%D0%B5%D1%82%D0%B0%D0%BB%D1%8C&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%BE%D0%BB%D0%B8%D0%B2%D0%B8%D0%BD%D0%B8%D0%BB%D0%B1%D1%83%D1%82%D0%B8%D1%80%D0%B0%D0%BB%D1%8C&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%AD%D1%82%D0%B8%D0%BB%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%BF%D0%B8%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D1%86%D0%B5%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%BE%D1%84%D0%BE%D1%80%D0%BC

Pucynok 10 — Meramnuueckue Gopmsl a1t uzrorosierus [T

3areM oOpas3nbsl noMemanuch B cymmibHbil mkad 1IC-80-01 Tuma
CHOJI (puc. 11), rme BbAEPKUMBAIMCH MpPU 3aJaHHOM TeMIlepaType [0
MOCTOSTHHOW Macchl, 4YTO TOBOPUJIO O BBIXOZE BOJBI U3 00pa3La.

du3nko-MexaHNYECKUN CBOICTBa TPaBUN-TUIIb3bI OIPENIEIAIOTCS
BPEMEHEM  BBIICPKKM M TEMIEpaTypa CYIIKM, a TaK € MU COCTaBOM U
KOHLIEHTpalMil CKJIEMBAIOLIEr0 areHra. Bce 3T mapaMerpsl MCCIEI0BAIUCh
AKCIEPUMEHTAIILHO.

JUist  ompeneneHuss TOYHOIO NPOLEHTHOTO COOTHOLIEHUS TpaBusi M
CKJICHBAIOIINX PEAareéHTOB HCIIOJIh30BAIMCH JIabopaTtopHble Bechl Mapku BK-600
(puc. 12).

IIpu uccienoBaHUM TPYAHOPACTBOPUMBIX PEAr€HTOB ISl IPHUTOTOBIICHHUS
CBSI3YIOLIETO BENIECTBA MPUMEHSUICS BBICOKOYACTOTHBIM MuUKcep. B  psne
DKCIIEPUMEHTOB IPUTOTOBIISIEMBI  PAacTBOP MOJABEPraJiCd HAarpeBaHUIO IS

YCKOpPEHHsI IIPOoIiecca pacCTBOPEHUS PEareHTOB.
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Pucynok 11 — Cymunsasiit mkag HIC-80-01 tuma CHOJI

Pucynox 12 — JIaGoparopusie Becbi BK-600
B psane omeitoB [T mocime BBIAEPKKM B CYHIMJIBHOM  IIKady
JIOTIOJIHUTEIBHO MOKpPBIBAJIACh 3ALIMTHON O0O0JIOUKOW M IMoMellajgach OOpaTHO B
CYIUMJIBHBIN IIKad 10 3aTBepAeBaHHs OOOJIOYKH, €CIU HCCIEN0BAIACh MOJENb
«cBs3yromee + obonoukay. Ilocne mpocymku I'T B cymmnsHOM mikady, oHa

U3BJIEKATACch U3 (DOPMBI U OCTYXKAJIACh 10 KOMHATHOM TeMIepaTyphl.

3.3.2 MeToanKa UCNbITAHMHA 00pa30B rPaBUM-THJIb3bI
JIist  OCyIIECTBICHUSI BU3YyaJIbHOW (DUKCAIIMKM TIPOIECCa PACTBOPECHUS

HCIIOJBb30BAJIMCh CTCKIIIHHBIC MCPHBIC HUJIMHAPBI EMKOCTBIO lJI, BBICTYIIAIOIINC B
Kadye€CTBEC MOACIN CKBAXXHHBI. HI/IJ'II/IHJIPBI 3aI0JIHSAJIMCh TEXHUYECKOU BOHOﬁ 401041

paCcTBOPOM KHUCJIOTHBI. BHYTpB noMeImajaInucCh 1oAroTOBJICHHBIC I10 BLIIHCYKaSaHHOﬁ
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meroauke oOpasier [T (puc. 13). Ilpomecc pacTBOopeHUs 3amuchIBajiCS Ha
U(QPOBYIO BUICOKAMEDY.
JlabopaTopHble UCTIBITAHUSI IPOBOJMIINCH IIPU CIAEAYIOUINX YCIOBUAX:
1. HcnpiTanuss mpoBOIMINCH 0€3 ydera JCUCTBYIOUIMX Ha

I'T rupgpaBIUYECKUX CHJI TIPU €€ CITYCKE B MOJENb CKBAXKUHY.

2. HcnplTaHuss OpoBOAMINCH B BOJE, a HE B OypoBOM
pacTBope.

3. He yunTeIBanace CKBa)XMHHAs TEMIIEPATYPA.

4. I'T wucnoeiTeiBanu 0€3 OMOpPBI, MNPUCYIIEH TEXHOJIOTHH

dbopMupoBaHus (QUIBTPOBOM UYACTH TEXHOJIOTHUECKUX CKBAXKUH C
IBYMsI OEHTOTMJIb3aMH.

Opnako BBIOOp TakOro MeETOJa JIA0OPATOPHBIX HCIBITAHUN HAa TEPBOM
3Tarne OOOCHOBBIBAETCS MPOCTOTON M JIEHIEBU3HOM NMPOBENEHUS SKCIIEPUMEHTOB,
YTO TO3BOJISIET MPOBECTH WX OOJIBLIOE KOJIMYECTBO B KpaTdaiiliee BpeMs, BbIOpaB
OCHOBHBIE PEareHThI I JATbHEUIITNX SKCIIEPUMEHTAIbHBIX UCCIET0OBAHU.

HcnpiTanue TakuM ciocoOOM MO3BOJISIOT ONPEACTUTS!

o BpeMs paznoxenus [T
o KOJIMYECTBO OCAJKOB CKJIEHBAIOLIETO peareHTa IMocie

pasznoxenus [T

Pucynok 13 — Vcnbitanue I'T B 1a00paTOpHBIX YCIOBUSIX
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3.4 PeBy.IIbTaTbI IKCIICpUMEHTAJ/IbHbIX I/ICCJIe,ZLOBaHI/Iﬁ

bumymno-Kayuykosaa macmuka

bb110 IpoBeieHo HcclieJOBaHNE MPUMEHEHHS] OUTYMHO-KayuyKOBOM MacTUKU JJIs
cBsA3bIBaHMs  rpaBus.  OcCHOBHas  3ajada  HCCIAEAOBAHMS:  IOJYYECHHE
MPOYHOCBSI3aHHOW CTPYKTYpPHI JJIE BO3MOKHOCTH TPAHCIOPTHUPOBKU Ha 3a00ii
CKB2KMHBI, & TaK *€ CIHOCOOHOCTh PAaCTBOPEHHUS B YIJIEBOJAOPOIHON cpele WM
WHBIX PACTBOPUTEIISX.

JlanHasi perienTypa He YJOBJIETBOpUJA TpeOOBaHUSAM K TEXHOJOTHH T.K. MpHU
J1000M MIPOLIEHTHOM COJICPKAHUU peareHTa, KOHCTPYKLHMS (PUIbTpa UMeNa BA3KUN
cocras. [IpH YBEIMUYCHNN TEMIIEPATypbl 3aCHIXaHHs NaHHOH perentypsl 10 53 °C,

CTPYKTYypa CTaJIa PHIXJION.

Kneu b® -2
bruto mpoBeneHo wuccnenoBaHue NpuMeHeHus kineds b — 2 gusd CBsA3bIBaHUS
rpaBus. (OCHOBHas 3ajadya HCCICAOBAHMS: IOJYYEHHUE MPOYHOCBI3AHHOU
CTPYKTYPHI IS BO3MOXKHOCTH TPAHCIIOPTHPOBKH Ha 3a00M CKBa)KHUHBI, a TaK KE
CIIOCOOHOCTh PACTBOPEHMS B YTJIEBOJOPOJIHON Cpe/e WM HMHBIX PACTBOPUTEIISX.

KonnenTpalus KOMIOHEHTOB IIPEeACTaBISHbI B Ta0M. 5.

Ta6numa — 5 KoHrieHTpaiys KOMIOHEHTOB

Ne | CocTtaB
KoHueHTpayuma KomnoHeHToB, %
cmecu
1 | FpaBui 97,4 96,15 93,75
2 |b®-2 2,6 3,85 6,25

[Tocne mombopa ONTUMANBHBIX KOHIEHTPAIM W TMOATOTOBKH OOpaslioB B

crenuanbHbIX (opMax, ObLIM NPOBEEHBI UCTIBITAHUS Ha CxkaTue (puc. 21).
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MpouyHocTtb peyentypbl (BP-2)

=
o

- -
// ——Pspl

—

KoHueHTpauma %
O R N WU N 0 W

3 3,5 4 4,5 5 5,5 6
NPOYHOCTb Ha CXKaTue Krc/cm2

Pucynok 21 — Ipounocts penentypsi (bD — 2)

[Tocne wucneiTaHus o0Opa3IOB HaA CXKaThe, HEOOXOAUMO OBLIO OINpeaeTUuTh
ONTUMAJLHBIA PACTBOPUTEIL IS JAHHOM perenTypbl. PactBopurensmu ObLIN
BBIOpaHBI CJIEIYIONINE BEIIECTBRA:

1. Hedrs;

2. Yaiit — Cnupur;

3. AneroH;

4. PactBopurens 646.

CKOpOCTI) PaCTBOPCHHUA B KaKIOM M3 BBIHICIICPCUHUCICHHBIX BCIICCTB 0T06pa>1<eHo

B Ta0uIe 6

Tabnuia 6 — ckopocTh pacTBopeHust bd — 2

PactBoputens HedTh Yautr-Cniuput |Aneron PacTBopuTenn
646

Bpewmst PactBopenust He | 2 M 3m45c 2m30c

PAaCTBOPEHHs [OCJIEN0BAJIO
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BriBoa:
JIaHHBIN CKJIEUBAIOIIWIA pEareHT YJIOBJIETBOPSIET TpeOOBAaHUSAM K KOHCTPYKLHUHU
JE3UHTETPUPYEMOTO TPABUMHOTO (DUIIBTPA, HO C YCIOBHEM 3aKauyKH B CKBAXKUHY

OJTHOTO U3 PACCMOTPEHHBIX PACTBOPUTEIIEH.

bumymnasa macmuxa

boilo  mpoBeneHO MccleOBaHUE MPUMEHEHUs OUTYMHOM MACTUKU IS
cBsA3bIBaHUs  rpaBus.  OcCHOBHas  3ajada  HCCIEAOBAHMS:  IOJyYECHHE
MPOYHOCBS3aHHOM CTPYKTYpPbI JJIsI BO3MOXKHOCTHM TPAHCIOPTUPOBKH Ha 3a00i
CKB)XMHBI, & TaK K€ CIIOCOOHOCTh PACTBOPEHMS B YIJIEBOJOPOJHOU Cpeie WIH
WHBIX PACTBOPUTEIISIX.

JlanHas perienTypa He YJIOBJIETBOpUJA TpeOOBaHUSAM K TEXHOJOTHH T.K. MpHU
J1000M IIPOLIEHTHOM COJIEP’KAaHUU peareHTa, KOHCTPYKLHMS (PUIbTpa UMeNa BA3KUN
cocras. [IpH yBEIMUYCHNN TEMIIEPATyphl 3aCHIXaHHs JaHHOMH perentypsl 10 53 °C,

CTPYKTypa cTajla PHIXJIOH.

bumym
bbi10 mpoBeieHO HCClieIoBaHUE MPUMEHEHUs OWTyMma JjIsl CBSI3bIBAHUS TPaBUSL.
OcHOBHAas 3a/1a4a UCCIIEIOBAHUS: MOJYYEHUE MPOYHOCBA3AHHOU CTPYKTYpPBI JJIs
BO3MOYKHOCTH TPAaHCIIOPTHUPOBKH Ha 3200 CKBAXKHUHBI, a TaK € CIIOCOOHOCTh
pPacTBOPEHUS B YTIIEBOJOPOIHON CpeJie WM MHBIX pacTBopuTensax. KoHueHTpanus

KOMITOHEHTOB TIPEJICTaBJIEHbI B Ta0II. 3.

Ne | CocTtas
KoHUeHTpaums KOMMNOHEHTOB, %
cmecu
1 | FpaBui 97,1 95,8 94,34
2 | butym 2,9 4,2 5,66

[Tocne wucnbpiTaHus 0Opa3OB Ha CXKaTHe, HEOOXOAUMO OBLIO OINPEIACITUThH
ONTUMAJIbHBIA PAaCTBOPUTENH JUIsl JAHHOM pernentypsl. PacTBopurtensmMu ObLTU

BBIOpAHBI CJIEYIONINE BEUIECTBA!
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Hedrs;

AneTon;

> e

VYaiit — Ciupur;

PactBopurens 646.

CKOpOCTB PaCcTBOPCHHUA B KaXKJAOM H3 BbIIICIICPCUYUCIICHHBIX BCIICCTB

oToOpakeHo B Tabmutie /

Tabnuua 7 — CKOpoCTh pacTBOPEHMs 00pa3iia CBI3aHHOTO OUTYMOM

PactBoputens | Hedtpb Yaur- AneToH PactBoputens
Crnupur 646
Bpewms 25 ™ 4 m PactBOpenue aY:
pacTBOPEHHUS cinabo
BBIPAXKEHO
BriBona:

JlaHHBIN CKJIEHBAIOLIUI peareHT YIOBJIETBOPAET TPEOOBAHUSIM K KOHCTPYKIIUU

JE3UHTETPUPYEMOTO TpaBUHOTO (GUIbTpa MPU

YCJIOBHH HCIIOJIb30BAHUA B

HG(bT}IHBIX CKBa)KMHAX, B IIPOTHUBHOM CJIy4dac H€O6XO,Z[I/IMa 3aKadyka OJHOI'0 H3

pacCMOTpEHHBIX pacTBoputeneil. [laHHas penentypa He pPEKOMEHIYyeTcs i

HCIIOJIB30BAaHMA B CKBAJXMHAX APYTI'Or'O THUIIA 110 CICAYIOIIUM ITPUYNHAM!

1. Bonbmiast Tpyao€MKOCTh M3TOTOBJICHUSI TEXHOJIOTMH, YEM B PELENType C

kieeM bD — 2;

2. bombiue 3aTpaThl BpEMEHHU Ha PACTBOPEHUE;

3. Bbonbmime 3aTpaThl BpeMEHU Ha CBSI3BIBAHUE TPABUSL.
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Gravel Packing

According to Saucier, a gravel pack is a downhole filter designed and used to
prevent or block the production of unwanted formation sand and solid. Saucier
added the formation sand is normally being held properly in a place by gravel pack
sand which is held in place with a sized screen. In order to determine the needed
gravel pack size, a core sample from the formation and sand formation must be
examined with a view to determine the median grain size diameter and grain size
distribution [10]. There have been a number of publications detailing the best
possible option to be used in selecting gravel pack size to control the production of
sand formation.

When the median grain size of the gravel-pack sand, D50, is no more than six
times larger than the median grain size of the formation sand, D50. The upper case
D refers to the gravel, while the lower case refers to the formation sand. The basis
for this relationship was a series of core flow experiments in which half the core
consisted of gravel-pack sand and the other half was formation sand. The ratio of
median grain size of the gravel-pack sand and median grain size of the formation
sand was changed over a range from 2 to 10 to determine when optimum sand
control was achieved. In carrying through this experiment, the procedure provides
measuring the pack permeability with each change in gravel size and comparing it
to the formation’s initial permeability. In this, if the final permeability is equal to
the initial permeability was the same as the initial permeability, we could say that
effective sand control achieved. On the other hand, if the final permeability was
less

than the initial permeability, it suggests that the sand formation was invading and
plugging the gravel pack permeability. This provides that sand control could be
achieved under this condition. But at the same time, it would decrease the well
productivity [9].

Frac- Pack
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Frac-Pack is a mixture of hydraulic fracturing, and gravels packing, that is why it
IS

called frac-pack stimulation. The frac pack treatment pumped down the tubing and
into the crossover tools. The crossover tools direct the flow into the space between
the casing and the pipe, called the annulus. The slurry flow down the screens and
the casing into the perforated zone, this treatment fit the conventional high
permeable treatment, with the exceptions that the treatment is designed to
screenout at the end of the stage to ensure the maximum re-stressing of the

formation [6]. Frac-pack completion components are illustrated in Figure 1 Below.

Tubing

Packer Elements

Slips

Crossover Tool

Blank Pipe
Proppant

Figure 1: Typical components of a frac completion [7]

History of Gravel Pack

It is important to trace, briefly the history of gravel pack and its application. The
gravel pack’s first frac-pack projects were conducted in the Gulf of Mexico in the
early 1980s. These treatments of the gravel pack were similar to hydraulic
fracturing in its design and execution. The gravel pack result longer, narrower

fracture, which not similar to the wider shorter fracture off frac pack treatment.
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This method was not accepted by the operators because of the fact that the initial
production result was not encouraging or economically viable.

The first and successful tip-screeout (TSO) gravel pack pumped in the late 1980s,
this pumping was done in sandstone formation. These early TSO treatments placed
short, wide fractures. Further advances by companies including BP and Pennzoil
led to equipment and technique innovations that helped to extend the length and
width of the fractures to give much higher sustained production rates than were
typically seen in gravel-packed wells [7]. Early frac packs were pumped at about
10 bbls/min with proppant concentrations up tol2 Ibm/gal to give total proppant
quantities up to 40,000 Ibm.

However, industry demands for increased pump rates, higher proppant volumes,
and the move to the more-abrasive ceramic proppant materials led to increased
erosional forces on downhole crossover tools [9].

Service companies and scholars has over the years came up with significant
technical progress and tools that can comfortably carry through and cope with the
gravel pack technology.

Presently, drilling industries do places frac packs at 50 bbl/min, with 12 lbm/galUS
proppant concentrations and a total proppant quantities in excess of 200,000
Iom[12]. Initially candidates selected to be treated by frac pack technique were
screened using different qualifiers to help ensure that success is achieved in
carrying through the job. There are advantages associated with the Net Present
Value (NPV), reservoir management, time period for commercial production,
reduced intervention, and lower operating costs which quickly became clearly seen
to operators to accepted to use this technology [9]. Operator commonly use frac
pack as their completion case and in doing this, they must have arrived at a certain
conclusion that using the sand control technique is significant in this frac pack
process (Ray & Mariano (2007). Part of the advantage of the later opinion of the
operators was that the frac-pack technique helps to solve some of the problems and
risk associated with the stability of a formation and near-wellbore positive skin or

damage, water production and water injection for pressure maintenance [9]
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Figure 2 shows the relative sand face areas for gravel packing, high-rate water
packing, and frac-packing.

Gravel Pack X;=0.9m High-Rate
—1 Water Pack

Xi=6m Frac Pack
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Figure 2. Relative Sand Face Areas for Gravel Packing, High-Rate Water Packing,
and Frac Packing [8]

Sand Control
In this process, the first step to be taken in completion design in an

unconsolidated or weak sand formation is the necessity to have knowledge of the
formation’s strength. The sand grains in general could move due a number of
factors especially forces due to coupled drag. There are other factors that could
influence formation strength, which could amount to six different phases.
For example, pressure, and drag forces, which are commonly believed that they
could influence formation strength, such as drilling and completion; clean up;
initial production at maximum rates; shutdown, start-up and production at pressure
depletion [5]. Normally gas well operations is known and used in minimizing sand
movement that focused on the prevention of flux rates so as to control erosion,
thereby limiting the chance of high production in the initial production rate loads at
a startup to reduce the invasion of screen or gravel pack by fines or formation
solids [5].

The need for gas control for gas wells is important concern that would over
time grow as the exploration is gradually moving into complex formation

especially coal and shale. Gas control for gas wells is a critical concern that will
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grow as the exploration is increasingly driven into more complex formation such
as coal and shales. King and O’Connell suggested that the best way to effect sand
control is to achieve the sand control without introducing any mechanical
obstruction such as gravel and screens. King and O’Connell added that production
skins in sand control completions range as low as 0-3 for open hole gravel pack
and frac-pack, to skin of 10 to 15 for cased hole gravel packs with gravel interface
outside the casing. Figure 3 illustrates the type of sand control completion methods
being used in the industry, such as external or open hole gravel pack, cased hole

gravel pack, screen only, internal, and frac-pack [9].

T

A B
Figure 3:Sand control completions methods: A. Screen only External C. Open hole

gravel pack internal or cased hole gravel pack D. High-Rate gravel pack E. Frac-
pack. [9]

ALLPAK
A new and superior gravel packing method called ALLPAK™, for alternate path
gravel packing, is reported here. It has been found that gravel packing problems
associated with formation of sand bridges in the annulus outside the screen can be

eliminated by adding alternate flow paths for slurry flow. The alternate paths are
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provided by perforated shunts or secondary piping placed in the annulus, usually
by attaching the tubes to the screen. Laboratory gravel pack simulator tests indicate
that essentially complete annulus packs can always be obtained, even in cases
where current methods provide very poor pack efficiencies. This paper describes
the laboratory experiments and field tests which verify the advantages from this
new concept.

A new completion method is described which solves the classical problem of
sand bridging in conventional gravel packing. Provision of properly designed
alternate slurry flow paths, through shunts or secondary piping placed in the
annulus, eliminates almost all of the voids seen with common gravel packing
procedures. The results from laboratory testing done on a 30-ft full-scale gravel
pack simulator indicate 95-100% gravel pack efficiencies as compared to 65-80%
obtained with conventional procedures, where both efficiencies are estimated by
visual observations. In addition to providing superior gravel packs, the new
method, called ALLPAK, for alternate path gravel packing, also permits wider
ranges in slurry rheology and pumping rates.

Field test results from U.S. Gulf Coast offshore wells validate and extend the
laboratory observations. The classical problem in gravel packing occurs when
premature sand bridges form in the annulus between the sand retainer screen and
the casing wall, for an in the casing gravel pack, or the formation, for an open-hole
gravel pack. The bridges usually form either at the top of the screen or adjacent to
zones of higher permeability. Once a bridge forms, slurry flow past that point
ceases, leaving an incomplete pack below the bridge. Many mechanical variations
for gravel packing apparatus have been developed or proposed for avoiding sand
bridging , and a large body of literature exists reporting studies of the effects of
gravel packing variables such as fluid rheology, pumping rates, sand density and
concentration, etc.

However, major problems still exist, especially where long intervals and\or
highly deviated wells are involved. This work describes apparatus and

methodology for alternate path gravel packing which can eliminate bridging
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problems. The key to the new approach is the addition of alternate paths for slurry
flow adjacent to the screen. These could either be inside or outside the screen,
although the mechanical assembly is much simpler if the alternate paths are placed
in the annulus. The alternate paths consist of small separate tubes or pipes attached
to the screen and perforated with small holes every few feet. Slurry can either be
injected directly into the tubes, or the tubes can be left open at the top of the
annulus to act only as shunts.

Figures 4 and 5 illustrate the concept. Ultimately, injecting the slurry
directly into the tubes may prove to be the preferred arrangement because this

would provide a more orderly, controllable, and predictable process.

Figure 4 ALLPAK (Alternate Path Gravel Pack) Mechanism [10]
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" SHUNT " TOP VIEW OF WELLBORE WITH "SHUNT"

Figure 5 Schematic of ALLPAK™ Assembly [10]

LABORATORY TESTS ALLPAK™ A series of tests were run on Baker Sand
Control's 6.2 in. The 18-ft perforated length simulates 12 shots/ft, with each 0.7 in.
I.D perforation backed by a 2.5 in. long 0.7 in. I.D. tube packed with 20/40 mesh
sand to simulate the formation.

The simulator can vary in inclination between 0 and 90° but most of the runs
were made in a horizontal position to provide the most difficult packing conditions.

Pertinent results are summarized in Table 1 [10].

47



Table 1 - Summary of ALLPAK™ Testing on Gravel Pack
Simulator [10]

Spmmary of ALLPAK™ Testing on Gmayel Pack Skoolsior

Test Mooof Comments Pack Shast Hole  Hole Pack
Shumts Twpe Size S Dengity Eifchency

) ) {in) {an} -}
1 1] w circulasion 75
2 ] w circuladpn  QLE24 ¥ig  Fperl Lo

3 ) W Wueess 024 ¥ie Tperl 10
4 () n cimpglasion By
k] 1) SjueeTE L
& 2 cicalafion 073 18 lperl o0

) 2 Si]aE 28 Q.75 I lper 1 100
E i w el aton 0824 18 l per 2 a5
9 2 ® circulston 0824 LR lper > a5
o F ¥ CrrTulEtn 0,52 13 lper oS
i1 i x E]ue-cine 65
12 4 elreulatan LXos A& 1 per o5
1% 4 cleuladon  1XGS 332 1 per T ol
14 4 Bue-cins 1X0.5 352 I per T 4
15 4 L1 sgue-cire 1Xos 3™ | per 2 ol
16 4 ] wirculaten 1X05 126 1 per 4 L]
17 4 E sque-che 1X0.5 Ifa 1perd 95

The first set of experiments listed in Table 1 were the initial experiments
made in an attempt to verify the alternate path concept. The base case was
previously known to provide incomplete packing and was repeated here for
comparison purposes. Although the shunt runs were relatively successful, the
packing mechanics were haphazard with slurry running in and out of shunt holes
almost at random. From this it was surmised that the shunt holes were too large
and that there were too many holes. [10]

In the second set of experiments, the goal was to investigate the use of 36#
XC/1000 gal. clarified gel rather than 40# HEC/1000 gal. and to improve shunt
hole designs. The two base cases were run to provide comparisons for both
squeeze and circulation positions. As an afterthought, one run was made using
water as a carrier fluid with approximately the same results. The use of 0.75” 1.D.
tubes rather than 0.824” I.D. occurred because the 0.824” tubes were not
immediately available. The small size variation did not alter results in any

noticeable way.
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The final set of experiments were made after a field apparatus design was
tentatively identified. Rectangular shunts were chosen in order to maximize the
clearance in the annulus while still retaining substantial shunt tube cross sectional
area for slurry delivery. The squeeze-circulation experiment was chosen as a
standard in order to simulate use of a differential valve. Four shunts set at right
angles were chosen to assure that two shunts would always be at the top of the
apparatus. The runs with 40/60 sand were made to study the effects of settling on
the packing mechanism. The smaller holes were investigated to find how small the
holes can be with minimal possibility of plugging.[10]

A separate set of tests were run where up to 300 ft long shunt tubes were laid

out on pavement and slurry was injected directly into the tubes. From these tests, it
was found that the XC gel and 40/60 sand can be delivered several hundred feet at
shunt flow rates of less than 0.2 bbls/min.
FIELD TESTS ALLPAK™ Two U.S. Gulf Coast offshore wells were chosen for
the first field tests. Each well provided a specific challenge for the new method.
Well #1 was only inclined at 45° from vertical but had two productive zones
separated by more than 50 feet of shale. The upper 18-ft perforated zone was much
more permeable than the lower 9 ft zone, and the lower zone's estimated reserves
were too small to justify a separate completion. Well #2 was inclined at 64° and
had 190 feet of perforations in a 220-ft zone of highly variable quality [10].

The ALLPAK™ design for Well #1 included three joints of 2 3/8 inch
screen with four half inch by one inch rectangular shunts attached and perforated
every three feet with 3/32 inch holes. One joint of blank pipe with blank shunts
was placed above the top of the screen. The connectors between individual screen
joints are key elements in obtaining shunt fluid transmission continuity. Figure 6

provides an external view of the connectors.
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Figure 6 Field Type Shunt Connectors [10]

An internal O-ring assembly at each end of each connector assures a good
pressure seal. Failure of a seal ends a shunt's effectiveness below that location. A
connector is attached to the end of each shunt tube and the short length of shunt
tube between the two end connectors allows for adjustment to slightly variable
shunt and screen combinations. Additional installation time required to run an
ALLPAK™ assembly has been about 15 minutes per joint. Most of the extra time
Is associated with making the connections.

Well #1 was initially packed at 3.S bbls/min with 8 Ibs/gal 40/60 sand, and a
40 cp, nearly Newtonian fluid. A lower tattletale and 300 psi differential valve
were used. Since the packing pressure was at approximately the fracture gradient,
fracturing apparently occurred and a second batch of slurry was required. The
second batch was pumped at approximately 1.S bbls/min and a 2500 psi sand-off
was soon achieved. The total amount of sand placed behind the pipe was
approximately 0.6S cu ft/ft of perforated interval, much above the 0.2 to 0.2S
normally expected for a superior gravel pack. It is currently speculated that the
shunts facilitate fracturing along the entire perforated length when the fracture

gradient is exceeded. Work is underway to exploit this advantage.
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Figure 7 Well #1 with ALLPAK™ [10]

Figure 7 shows a silicon activation gravel pack log for Well #1. Although a
standard analysis indicates some possible small voids, this is misleading, since no
known mechanism exists to provide voids at and slightly above the very top of the
upper screen. The most likely situation is that the added steel of the shunt tubes
and normal statistical variations in silicon activation logs account for the
occasional log interpretations of deviations from 100% packing efficiency. In
addition, the shunt tube stand-off from the screen is not uniform and occasionally a
shunt will lie directly against the screen. This also will tend to cause variation in
the silicon activation log. The vertical line on the log indicates the position of the
almost certainly packed zone at the top of the screen. In all probability, the annulus
was completely packed. The apparatus design for Well #2 varied primarily in that
two of the shunts had 3/32 inch holes at 5-ft intervals over the entire length and the

other two had holes every 5 feet only over the bottom 100 feet of the perforated
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interval. Holes were offset so that at least one hole occurred every 2.5 feet across
the pay zone. This design followed long tube experiments which showed that
unperforated shunts provide excellent slurry transport along the unperforated
length.[10]

Well #2 was packed with the same methodology used for Well #1, except
that 36 #XC/ 1000 gal. clarified gel was used as the carrier fluid. It was felt that the
high inclination angle and excessive length required a longer sand settling time
than was needed for Well #1. No problems were encountered either in running the
screen or pumping the slurry for Well #2. One noteworthy occurrence was that
approximately 10 minutes after the slurry reached the crossover, a rapid 300 psi
pressure rise was observed. At that point, the pump rate was dropped to 2.25
bbls/min and the pumping pressure stabilized at approximately the initial value.
Pumping continued at this rate and pressure for another 8 minutes, at which time
pumping pressure began to rise again, with a high pressure (2600 psi) sand-off
occurring 3 minutes later. It is speculated that the first pressure rise indicated
formation of a complete annulus bridge near the top of the completion interval, and
the later somewnhat steady rise indicated dehydration of the pack for this relatively
viscous carrier fluid. Figure 8 shows a silicon activation gravel pack log covering
the top 145 feet of the 220-ft screen. [10]
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Figure 8 Well *2 with ALLPAK™ [10]
The previous comments regarding packing efficiency once again apply. The
logging tool wouldn't slide below this level and was not forced lower for fear of
retrieval problems. Once again, within our evaluation capability, the pack appears
to be complete over the logged interval. Approximately 0.24 cu ft of sand was
placed per foot of perforated interval.

Both test wells were put on production and flowed efficiently with little
drawdown. As a result of these successful completions, reserves not otherwise
available were added for Well #1 and the cost of breaking the zone into two
completions was saved for Well #2. Following these excellent test results, the new
procedure was adopted as a standard operation. Six more zones have since been

completed with packing results similar to the test wells.

Premium screens Premium screens were originally developed for stand-alone

installations in horizontal wells rather than a gravel-packed completion; however,
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this type of screen has been installed in several wells worldwide in combination

with a grave pack. Proprietary designs are premium designs that surpass the

performance of either a standard wire-wrapped screen or a prepacked screen in

their ability to resist plugging and erosion and are equipped with torque-shouldered

connections to permit rotation. These screens have a single layer or multiple layers

of woven wire mesh, sometimes sintered, forming a resilient filter and providing

weld integrity and mechanical stability. Mesh screens maintain their strength

during installation without altering the filter pore openings. With drainage layers,

and an optimized design of basepipe perforations, these screens evenly distribute

flow across the full area of mesh and reduce the risk of plugging at the screen face.
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Figure 9 Premium screen [4]
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These type of screens have increased inflow areas to as much as 30% of the surface
area of the screens which is significantly more than wire wrapped screens. The
materials used and the designs differ from conventional wire-wrapped screens.

They consist of various designs like:

e Lattice

e Dutch weave

e Porous membrane

e Sintered metal

e Corrugated weave

Parametric sensitivity studies of gravel packing — Master thesis by Rune Bergkvam
25 Commonly used weave pattern are:
e Plain square (fig 10, A)

e Plain Dutch (fig 10, B)

e Twilled squared (fig 10, C)

e Twilled Dutch (fig 10, D)
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Figure 10 Weave patterns for premium screens [5]

The logic used in these designs was that they were better than wire wrap screens
because these screens have inflow areas of about 30% compared to about 5% to 10
% with wire wrapped screens.

Alternate path screens

The classical problem in gravel packing occurs when premature sand bridges form
in the annulus between the sand retainer screen and the casing wall, for a cased
hole gravel pack, or the formation, for an open-hole gravel pack. The bridges
usually form either at the top of the screen or adjacent to zones of higher
permeability. Once a bridge forms, slurry flow past that point ceases, leaving an

incomplete pack below the bridge.
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Figure 11 Expandable screens [13]

Many mechanical variations for gravel packing apparatus have been developed or
proposed for avoiding sand bridging, and a large body of literature exists reporting
studies of the effects of gravel packing variables such as fluid rheology, pumping
rates, sand density and concentration, etc. However, major problems still exist,

especially where long intervals and/or highly deviated wells are involved.
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Figure 12 Gravel pack with alternate path technology [16]

A way to solve this issue is to use alternate path gravel packing which can
eliminate bridging problems. In this system, there is an additional alternate path for
slurry flow adjacent to the screen. This path could either be inside or outside the
screen, although the mechanical assembly is much simpler if the alternate paths are
placed in the annulus. The alternate paths consist of small separate tubes or pipes
attached to the screen and perforated with small holes every few feet (shunts).
Slurry can perforate through small holes every few feet and overcome a potential
bridge between the screens and the open hole. This system also accepts high losses
during the gravel pack operation which also could be a big challenge when running
a standard setup. Some of these systems requires a viscous carrier fluid for the
gravel pack.

The methods of monitoring sand production

Whatever sand exclusion method that is adapted, it cannot be guaranteed that they
will work indefinitely. Consequently, it is essential that the sand content of the
produced fluids be monitored so that if a well starts producing sand it can be shut-

in before subsurface or surface equipment becomes blocked or damaged. The
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methods of monitoring sand production can be batch, probe or downhole sand
detection. The batch monitoring system is the cheapest method of sand monitoring.
It involves periodically taking a sample of produced fluid from the well head,
filtering out and washing the sand, drying it and weighing it [4, 5]. Unfortunately,
this method can be inaccurate because of the random nature of sand production,
particularly if the well is slugging or on intermitted pump. However, if a greater
weight of sand is collected over a longer sampling period after passing a known
quantity of produced fluid through a filter, better accuracy may be obtained. The
probe monitoring involves a continual monitoring and leads to a greater accuracy
than periodic observation. Sand probes may be used to shut in a well or to monitor
and record the quantity of sand produced [5]. These probes can be mechanical
probe, sonic probe or piezo-electric probe. The downhole sand detection uses a
system known as SANFLOG, which operates on the same principle as the SAFLO
detector [5] to detect sand influx in a dry or wet gas wells or single liquid phase
wells. The system can also be used as a listening device operating on audio signals
between 0.3 and 10 KHz [6]. This dual capability allows the operator to use the
tool to listen for flow from producing interval while simultaneously recording sand
impacts. If only part of the producing formation is contributing to sand production,
the operator may elect to selectively treating the specific zone.

Open hole gravel pack

Gravel packing is a commonly applied technique to control formation sand
production from open-hole oil and gas wells. In a gravel pack completion, a screen
is placed in the well across the productive interval and specially sized, high
permeability gravel pack sand is mixed in a carrier fluid and circulated into the
well to fill the annular space between the screen and the formation. The size of the
gravel pack sand is selected to prevent formation sand invasion and the size of the
screen openings are selected to retain the gravel pack sand. A complete gravel pack
in the open-hole/screen annulus creates a very stable, long lasting downhole
environment where only well fluids (not formation sand) are produced. Gravel

packing has been successfully applied in conventional wells for several decades,
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and increasingly, the technique is being applied in extended-reach open-hole
horizontal wells. Horizontal gravel packing is process intensive and requires
special attention to drill-in fluid selection, well displacement and service tool
operation to ensure successful gravel placement and well productivity. Specialized
downhole tools facilitate circulation of the gravel pack sand in place. The tools
create a circulating path for the gravel slurry down the workstring, out into the
annulus below a packer and down the annulus outside the screen. The screen
retains the gravel and the carrier fluid flows into the screen, up the washpipe, out in
the annulus above the packer and back to surface. The washpipe extending down
inside the screen directs the point of fluid returns to the end of the screen. As well
deviation increases, large washpipe becomes a critical factor in achieving complete
gravel fill around the outside of the screen. Test data and field experience show
that the washpipe OD to screen ID ratio needs to be approximately 0.8. The large
OD washpipe restricts the amount of carrier fluid that diverts into and flows down
the screen/washpipe annulus. The gravel is round natural or synthetic material that
is small enough to exclude formation grains and particles from production, but
large enough to be held in place by screens. Gravel packs are operationally
challenging to install, however, when successfully installed, they prevent the
formation from collapsing. Skin effects is a challenge for gravel packs (both open
hole and cased hole). This dimensionless factor is calculated to determine the
efficiency of the production by comparing the actual conditions with the theoretical
conditions. A positive skin value means that it exist some kind of effect that is
impairing the well productivity, while a negative value means enhanced
productivity. Placement of gravel-packs can lead to high positive skin values in a
well. This is often due polymer based carrier fluid invading the formation or
insufficient cleanup of wellbore prior to gravel palcement, which may lead to a
detrimental pressure drop between the formation and the well. Open hole gravel
packs can be subdivided into two main forms: circulating packs and alternate path
(shunt tubes). Both can be used with wire wrapped screens and mesh (premium)

screens. Figure 14 shows a schematic of an openhole gravel pack
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Packer

Figure 14 Open hole gravel pack with pre packed screens [4]

Cased hole gravel pack

Cased hole gravel pack use similar techniques to open hole gravel packing. This
includes using similar tools, similar rates and they have the same desire to be able
to squeeze and circulate. In cased hole gravel packs it is desired to be able to
squeeze and circulate. If pure circulation is done, it will lead to the perforations not
being packed. To achieve squeezing, the BOP is closed to restrict the return flow.
However, circulation will assist in getting the gravel to the toe of the interval for
long intervals. Further, pre-packing the perforations prior to running the screens
can aid in the placing of gravel into the perforations. Tubing conveyed guns in the

hole can be used for pre-packing.
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Figure 15 Invasion of gravel into an open perforation [6]

Disintegratable gravel pack
Since the designs of the filters are not very efficient, they are complex in
production and installation in the well, it is necessary to develop an optimal
method of gravel delivery to the downhole without these drawbacks. The most
suitable option for creating a filter part of technological wells is to lower a bundle
of gravel in a bound state that dissolves in a hydrocarbon medium or in other
known solvents, while having a strong structure. Such a filter is called a
disintegratable gravel filter. Advantages of using this technology over other
options of gravel dumping [30-34]:
* Reliability of gravel pack delivery.
* Prevention of sedimentation of gravel above the filter zone (in cracks, caverns
and narrowings of the wellbore).
* Dense and uniform shrinkage of gravel along the height and perimeter of the

water intake of the filter (prevention of voids).
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* The labor costs for the construction of the well are reduced.
* The possibility of differentiating gravel pack fractions by size.
After carrying out the search for the gluing reagents and analyzing their properties,
possible formulations of a gluing reagent for the manufacture of a disintegratable
gravel filter have been modeled, which were to be investigated by the experimental
method.

CONCLUSION
An analysis was made of the existing technology of gravel packing in the filter
zone of the well, the requirements for the design of the gravel filter, as well as the
scheme of operational faces with its use were developed.
Experimental studies have the following conclusions:
1. Based on the results of the experimental studies it was found that bitumen-
rubber mastic do not meet the requirements for gluing gravel. Because of the
presence of plasticizers do not give a strong structure. At high temperatures, the
structure becomes loose.
2. Construction bitumen completely satisfied the requirements, to create a solid
structure of the disintegrated gravel pack, and also demonstrated a long, but
complete dissolution in all of the above solvents.
3. BF-2 glue showed the best results in the production speed, dissolution rate, as
well as in strength characteristics. A significant disadvantage is the complete
immunity to such solvents as oil and white spirit. However, in certain solvents
(acetone, 646), the dissolution rate is times higher than bitumen.
4. It is impossible to single out the best of the two binding materials unequivocally,
but it is possible to separate these prescriptions according to the application
specialization. So bitumen is ideal for use in oil wells. It does not require the
injection of an additional solvent (the hydrocarbon medium serves as a solvent).
BF-2 is also preferably used in gas wells. It is necessary to pump the solvent, and
in such conditions, BF-2 will show a better dissolution rate and a more economical

assembly of this technology from the point of view of time.
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5. The optimum solvent for formulations that meet the requirements is - solvent
646. He demonstrated the best dissolution rate and the most economically

advantageous
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3AK/IIOYEHUE

bbl1 mpoBeneH aHalW3 CYIIECTBYIOIIEH TEXHOJOTMU OOCBIIKH TI'PABUEM
OpUQUIBTPOBON 30HBI CKBAKMHBI, pa3pabOTaHbl TPEOOBAHUS K KOHCTPYKLIHHU
TpaBUfHOTO (UIbTPA, a TaKXKE CXEMbl OKCIUTyaTallMOHHBIX 3a00eB C ee
UCIIOJIb30BaHUEM.

DKCIepUMEHTANIbHBIE MCCIIEIO0BAaHUS IO3BOJIMIN CHAENaTh CIEAYIONINe
BBIBOJIbL:

1. Ilo pe3ynpTaTam NPOBEAECHHBIX AKCIEPUMEHTAIbHBIX HCCIEAOBAHUN OBLIO
YCTaHOBJIEHO, YTO TAKUE PEAreHThl, KaK OUTyMHas U OUTYMHO-Kay4yyKOBas
MaCTUKH, HE yIOBJIETBOPSIIOT TPEOOBAHUAM JJIsl CKIIEUBAHUS TPAaBUS T.K. U3-
3a HAJIM4MSl TIIACTU(PUKATOPOB HE AAIOT MPOUHYIO CTPYKTYpY. IIpu BeICOKHX
TEeMIIepaTypax CTPYKTypa CTAHOBHUTCS PBIXJIOi.

2. CTpouTenbHbIHI ouTym IIOJIHOCTBIO YIOBIIETBOPUII
TpeOOBaHUAM, ISl CO3JaHUS TPOYHOH CTPYKTYPhl JE3UHTETPUPYEMOTO
rpaBUHOrO (QUiIbTpa, a TaK >X€ MPOJEMOHCTPUPOBAI JJIMTEIBHOE, HO
IIOJIHOE PACTBOPEHUE BO BCEX BBIILEIEPEUUCICHHBIX PACTBOPUTENIAX.

3. Kneit Bb®-2 mnpomeMOHCTpHpOBaN Jy4IIME€ pE3yJIbTaThl B
CKOPOCTH U3TOTOBJIEHHUS, CKOPOCTH PACTBOPEHUS, a TAK K€ B IPOYHOCTHBIX
xapakTepucThkax. CylnIeCTBEHHbII MUHYC — IOJHBI MMMYHHUTET K TaKUM
pacTBopuTeNIM Kak HedThb W yailT-cnuput. OpHako B ONpeAeEHHBIX
pactBoputensax (ametoH, 646), CKOpPOCTh PACTBOPEHUS B JECITKH pa3
MPEBOCXOIUT OUTYM.

4. OJHO3HAYHO BBIACNHUTH JYYIIMHA M3 JBYX CBSI3YIOLIUX
MaTepUaJIOB HENb3s, HO BO3MOXKHO pa3/ieJIEHUE JAaHHBIX pELENnTyp II0
crenuaiu3aldd TNpuMeHeHus. Tak OuTyM WuAealbHO MOAXOAUT JIs
UCIIONIb30BaHUSl B HEPTIHBIX CKBaXHHAaX T.K. HE Tpedyercs 3aKkauka
JOTOJHUTEIBHOTO pPacTBOPUTEIIS (pacTBOpHUTENIEM MOCITYKUT
yrieBojopoaHas cpena). bd-2 ke mOpeAnouTUTENIbHO MCMOJIb30BaTh B

I'a30BbIX CKBa>XHMHaX T.K. HOHaI[O6I/ITC$I 3dKa4Ka PaCTBOPUTCIIA, a B TaKHX
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ycrnoBusix b®-2 mokakeT JydlIyl0 CKOPOCTb pacTBOpeHUsi u Oonee
SKOHOMHYHYIO C TOYKM 3pEHHsS BPEMEHHBIX 3arpaT COOpPKY JaHHON
TE€XHOJIOTHH.

5. OnrumManbHbIM pacTBOpUTEIIEM JUISL peuenryp,
YIIOBJIETBOPSIOLINX TPEOOBAHUAM, SIBISIETCSI — pacTBOpUTENb 646 T.K. OH
IPOJAEMOHCTPUPOBAJI JIYUIIY0 CKOPOCTh pacTBOpPEHUs U Hauboisee

BBITOJHBIN C SKOHOMUYECKON TOYKH 3PCHMUSL.
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