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IINTAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Koa pe3yabrara

Pe3ysabTar 00y4yenus

Ipogheccuonanvnvie kKomnemenyuu

P1

Hcnons3oBath (hyHI1aMeHTalIbHbBIE MaTeMaTH4eCKue,
€CTECTBEHHOHAYYHEIE, npodeccroHalbHbIC u COLIMAJIBHO-
HSKOHOMMYECKHE 3HAHUS B 00JIaCTH CHEHAIN3alun

P2

[IpumensTe riyOOKHEe 3HAHUS B OOJACTH COBPEMEHHBIX TEXHOJIOTUH
He(TerazoBoro Jena A peleHUs MEXAUCHUILUIMHAPHBIX MHKEHEPHBIX
3a1a4

P3

CraBuTh M pelmIaTh MHHOBALlMOHHBIE M HAYYHO-HCCIIECIOBATEIIbCKHE
3amaun  pa3pabOTKM W OKCIUTyaTalMd HEPTIHBIX W Ta30BBIX
MECTOPOKIECHUI B YCIOBHUAX HEONPEIECICHHOCTH C HCIOJIb30BaHUEM
r11y0OKHX (DyHIAMEHTAIBHBIX M CHEIMATbHBIX 3HAHUH

P4

[IpodeccnonanbHO BHIOMPATh M HCIIOJIB30BATh HHHOBAIIMOHHBIE METOIbI
WCCIICIOBaHMM, COBPEMEHHOE HAaydyHOE W TEXHHUYECKOE O0OpyIOBaHUE,
MpPOrpaMMHBIC CPEACTBA JIJISl PEHICHHS HAyYHO-HCCIICIOBATEIbCKIX
3a/1a4 C y4ETOM HOPUIMYECKHX AaCHEKTOB 3alUThl WHTEIUICKTYaIbHOM
COOCTBEHHOCTHU

P5

HpOBOIII/ITI) TCOPCTUYCCKHUEC W OKCICPUMCHTAJIBHBIC HCCIICAOBAHUA B
obnactu COBPEMCHHBIX TEXHOJOr Ui He(bTel"aBOBOl"O Acia B
HCOMMPCACIICHHLIX U CIIOKHBIX YCIIOBUAX

P6

BHenpsTh, 00CTyXKUBaTh M IKCILTyaTHPOBATh COBPEMEHHBIC TEXHOJIOTHU
HedTerazoBoro Jena, oOecrnedyWBaTh HMX BBICOKYIO 3 (HEKTUBHOCTS,
coOnrofarh ImpaBwia O€30MaCHOCTH TpyAa U OXpaHbl 370pOBbs,
BBINOJIHATH TPEOOBAHMSI 110 3aLTUTE OKPYIKAIOIICH CPeIbl

Ynueepcaﬂbnbw Komnemenuuu

P7

Hcnonb3oBark riyOOKHe 3HaHUS B O0JIACTH NMPOEKTHOTO MEHEIKMEHTa,
HaXOQUThb M TPUHUMATh YIPaBICHYECKHUE pELIEHUs C COOII0JEHUEM
npopeCcCUOHATbHOM 3TUKM M HOPM  BEIEHUS  HMHHOBALIMOHHOM
VHKEHEPHOM JIEATEIIbHOCTH C YUYETOM HOPUANYECKUX aCIEKTOB

P8

AKTHBHO BJaZe€Th MHOCTPAHHBIM SI3BIKOM Ha YPOBHE, IMO3BOJSAIOIIEM
paboTaTh B MHOS3BIYHOM Cpelie, BKItouasi pa3paboTKy AOKYMEHTAIUU U
IIPE3EHTALMIO PE3YJIbTATOB IPOCKTHON U MHHOBALIMOHHOU JESTEIbHOCTH.

P9

O¢ddexTuBHO paboTaTh MHIMBUIYAIbHO M B KAuye€CTBE PYKOBOJIUTEIS
IpyNIbl, B TOM YUCIIE U MEXIYHAPOIHOM, COCTOAIIEH U3 CHELMAIUCTOB
pa3IMYHBIX  HampaBleHUH W  KBanupUKaUui, JE€MOHCTPUPOBAThH
OTBETCTBEHHOCTh 3a paboOTy KOJUIEKTHBA, TOTOBHOCTh CII€I0BaTh
npodeccuoHaIbHOM 3TMKE W HOpMaMm, KOPHOPAaTUBHOM KYJIbTYpe
OpraHu3aluu

P10

JlemoHCTpUpOBaTh  TJIyOOKOE€  3HAHWE  COIHMAIBHBIX, TPABOBBIX,
KYJIbTYPHBIX U 3KOJOTMYECKUX ACIEKTOB MHHOBALIMOHHON MH)KEHEPHOMN
NEeSTeIbHOCTH,  OCBEJOMJIEHHOCTh B BONpocax  0e30MacHOCTH
KU3HEJEATEIbHOCTH, OBITh KOMIIETEHTHBIM B BOIPOCAX YCTOWYMBOTO
pa3BUTHS

P11

CamocrodaTenbHO npUOOpeTaTh 3HAHUS W YMEHUS U HENPEPBIBHO
TIOBBIIIATH KBaJIM(DUKALIHIO B TEUYEeHUE BCETO nepuoja
poeCCHOHATLHOMN J1eATEIbHOCTH
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‘ CpoK c/1auul CTYJIEHTOM BBITIOJTHEHHON paOOThI: ‘ 25.05.2017 |

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIE K padoTe

JlutepatypHble HUCTOYHUKM U (DOHIOBBIM MaTepua,
MaTepuainbl, IOJY4YeHHbIE B  XOJI€  HAy4HO-
MIPOU3BOJICTBEHHOM MPaKTUKU Ha MECTOPOXKACHUH,
TaKH€ KaK: MECSYHBbIE CBOAKHU IO IPEIOTBPALICHUIO
COJICOTJIOKEHUHN, TEXHOJIOTMYECKHE PEKHUMBI pabOThI

CKBa)KUH, MEpPOTIPHUATHS o 3aIuTe
MTYOMHHOHACOCHOTO 000py10BaHUS oT
COJIEOTIIOKEHHUM.

NPOEKTHPOBAHUIO "
BOIIPOCOB

l'[epequb nmoaJiekalmux uccJie10BaHuIo,

pa3padorke

JluteparypHbiii  0030p (aKTOpOB, BIUSIOMUX Ha
o0Opa3oBaHHe OTIOXKEHUN KapOOHATHBIX COJIEH TpHU
no0b19e HEPTH;

AHanuTuueckuif 0030p CHOCOOOB TMpPenOTBPAICHUS
o0pa3oBaHMsl  OTJIO)KEHHUH  KapOOHATHBIX  COJIeH;
Onucanne 00beKTa U METOJIOB UCCIIEIOBAHUS,
®akTOpoB W  TPOTHO3  YCIOBUU  OOpa3oBaHUSA
COJICOTIIOKEHUM

Pe3ynbrarhel 1 uX 00CyXIeHUE,;

DUHAHCOBBII MEHEKMEHT, pecypcoddHEeKTUBHOCTL U
pecypcocOepekeHue;
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PEDEPAT

Brimycknas kBanudukanuonHas pabora 120 c., 22 puc., 24 Tabn., 21
HUCTOYHUK, 3 TIPHUIIL.

KiroueBbie croBa: MecTOpoxieHHe, qo0bua, HedTh, BOJA, OCIOKHEHUE,
coseo0pa3oBaHue, MPOTHO3, CONCOTIOKEHUS, CKBAXKMHA, MEKPEMOHTHBIN MEPHO/I,
yCIIOBUSL, (PaKTOPBI, MpeayNpeKIeHUE, KalUUISIPHBIN 3J1eKTpodope3

OObekTOoM wuccienoBanus sBsAoTcsa npoOeBaromue A04, A02, A07 u
HarHeTaTelbHas ckBakuHa b02, mpoObl momyTHO-I0OBIBAEMOW M HarHeTaemou
BOJIbI C COOTBETCTBYIOIIMX IKCILTYyaTALIMOHHBIX CKBAYXKUH.

Lenpr pa®OThl — yBETWYEHUE MEXPEMOHTHOIO MEpPHOJa SKCILTyaTaluu
CKBKMH 3a CUET NPEJOTBPALICHMs Ipolecca cojJeo0pa3oBaHUs B IMOA3EMHOM
000py/10BaHUY CKBaXKUH.

B nponecce uccienoBanus NpoBOJAUINCh aHAJIU3bl XMMHYECKOIO COCTaBa
HOMYTHO J0OBIBAEMOW W HArHeTaeMol BOJbI, OIpPENEICHHE THUIla IUIACTOBOM,
MOMYTHO AO0OBIBAEMOIl M HarHeTaeMoM BOJbI, U3YYEHUE BHYTPEHHEH CTPYKTYpHI
COJICOTJIOKEHHS, CAENaH MPOrHO3 BEPOSTHOCTU OOpa30BaHUs COJICOTIIOKECHUN B
MOJ3€EMHOM OOOpPYIOBAHMM CKBAXMH, AaHAIM3 SKOHOMHUYECKON 3(PPeKTHUBHOCTU
HKCILTyaTAllMM CKBAKMH 3a CUET UBMEHEHUS MX MEKPEMOHTHOIO Meproa padoThI.

B pesynbrare wuccinenoBaHusi ONpPENENEH TUIT TOMYTHO J0OBIBAE€MOM,
IJIaCTOBOM M HArHeraeMol BOJbl — XJIOpKanblMeBblil. MccinenoBan oOpaszen
COJICOTJIOKEHUH, OTOOpaHHBIN C TIyOMHHOTO OOOPY/OBaHUS CKBAXXHUH, METOJIOM
UHPPaKpaCHON CHEKTPOCKONUU W YCTAHOBJEH KJacC MHUHEpajla — KapOOHaTHlI.
Jlana mnporHo3Hasi OLIEHKAa BO3MOXXHOCTH BBINMAJICHUS KapOOHATa Kajblus IO
riyoune poObiBatomux ckBaxkuH Ne AO04, AO2 u AO7 — BbICOKas BEpOSITHOCTH
oOpa3oBaHUsl  OTJIOKEHUW  COOTBETCTBYET TIJIyOMHAM  CIycKa IOJIBECOK
AIIEKTPOIEHTPOOESIKHOTO Hacoca, a Takke Ha uHTepBasie ot 2400 m 1o 3abos
CKB&XMH OTMEUAaeTCsl BBICOKAash BEPOATHOCTb OOPAa30BaHMUS  OTJIIOKEHHI

KapOOHATHBIX COJIEH. YCTaHOBJIEHO, YTO HCIOJb30BAaHUE KOMOWHHUPOBAHHOIO



cnocoba 3aluThl  CKBAXHH OT  COJICOTJIOKEHUH  TO3BOJISIET  yBEJIUYHUThH
MEXPEMOHTHBIN NIEPHOJ] IKCIUTyaTalllu B 2 U 0oJiee pas.

[IpennoxkeHbl pPEKOMEHIAMM IO TOBBIIMICHUIO CTEIEHU  3allUThI
MOJI3EMHOTO  000OpYZOBaHHUA OT COJCOTIOKEHUH: TMpoJaBKa HMHTHOUTOpA
COJICOTJIOKEHUN B TPHU3a00MHYI0 30HY IUTacTa, KOMOWHHUPOBAHUE JTO3UPOBAHUS
XUMUYECKUX PpEAarecHTOB B CKBAXKMHY M KOHTEMHEPHOTO crocoba 3aliuThl
MOJI3EMHOTO 000pYJIOBaHUS TBEPABIM HWHTUOUTOPOM, a B 3HMHHHA TMEPUOJ
AKCIUTyaTallMM YCTaHOBOK JIO3UPOBAHUS XUMHUYECKUX PEAr€HTOB — HCIOJIb30BATh
YTEIUIAIONINE pyKaBa.

OO6nacTh puMeHeHus: POHT CKBAXKUH, OCTIOKHEHHBIN COJIE00pa30BaHUEM.

OKkoHOMHYECKUH 3((EKT 3a cUeT yBEIMYEHHUS] MEKPEMOHTHOTO IEepuoja
paboThl MO TPEM HCCIEAOBAHHBIM OCIOXHEHHBIM CKBakuHaMm coctaBui 70,29
MUJITHOHOB PYOJIeH.

B Oyaymem maHupyeTcs MPOBECTH MCCIEIOBAHUS KOMIUIEKCHOTO
MHTUOUTOpa COJEOTIOXKEHUM M KOPPO3UU B YCIOBUAX pPOCTa OOBOJHEHHOCTU

00bIBa€MOM MIPOYKITUH.



Cnmcok HCnoIb3yeMbIX COKpalieHui

YOIIH — ycTaHOBKA AJIEKTPOIIEHTPOOSKHBIX HACOCOB
OOQ — 00111eCTBO C OTPAHUYEHHON OTBETCTBEHHOCTHIO
['MC — reodpusndeckue UCCIeTOBAHNUS CKBAXKUH

I'1N — rtuapoIMHAMHUYECKHUE UCCIIEI0BAHUS

BHK — BononedTsiHON KOHTAKT

MIIP — MHUHUCTEPCTBO IPUPOAHBIX PECYPCOB

['K3 — rocynapcTBeHHast KOMUCCHS TI0 3aMacaM MOJIE3HbIX NCKOMAEMbIX
[12/1 — norpy»KHOM 31EKTPOABUTATEIH

HKT — HacocHO-KOMITpecCOpHbIE TPYObI

[TIIK — npenenpHO AOMMyCcTUMAasi KOHIICHTPAIUs

['3Y — rpymnmnoBas 3aMmepHas yCTaHOBKa

MPII — MeXpEMOHTHBIN MTEPUO]T

OIIN — onbITHO-MIPOMBICTIOBBIE UCIIBITAHUS
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Beenenue

3HauuTeNnbHAs YacTh HEPTAHBIX MecTopokaeHui 3amanHoit Cubupu
HAaXOAWTCA Ha TMO3AHEH cTaauu pa3paboTku. Jlas Takux MECTOPOKIEHUMN
XapaKTEpHO 3HAYUTEIbHOE YBEIMUYEHHE 0OOBOJHEHHOCTH CKBRKMHHOW MPOAYKIIUH,
4YTO, B CBOIO OYEpE/]b, YBEIMUYMBACT BEPOSATHOCTH OOpa30BaHUS OTJIOKEHUU
HEpacTBOPUMBIX colieid. B ycnoBusix 3anagHoit CuOupu CONEOTIIOKEHUS SIBISIOTCS
NPUYMHON Pa3BUTHS MPOLIECCOB KOppo3uu B cucteme HedtecOopa. [loatomy
3a/laua OpeIOTBpAIllCHUs] 00pa30BaHUsI OTJIOKEHUW COJICH SIBISICTCS aKTyalbHOU
MPaKTUYECKU HA JTHOOOM HEPTIHOM MECTOPOKICHUU.

Ha oOpa3zoBanue OTIOXEHUH cojied MOTYT OKa3blBaTb BIIMSIHHE
TeMIlepaTypa, JAaBJ€HHE, CKOPOCTh NOTOKa, PH © MuHepanu3auus BOJBI.
OTyoxkeHuss cojeil B 3aBUCHMOCTH OT YCIOBHM MOTYT BO3HHMKAaTh Ha TaKUX
ydacTKax Kak: IOA3€MHOE O0O0OpyJOBaHHME CKBaXHHBI M cHUCTeMa cOopa H
MOJATOTOBKH.

[IpoGnema 00pa3oBaHUSI  COJIEBBIX  OTJIO)KEHUH HMEET  BBICOKYIO
aKTyaJIbHOCTb M TpeOyeT KOMIUIEKCHOrO MOAXOJa Ha BCEX 3Tamax OopbObl C
OCIIO)KHEHHUSIMU YUUTHIBAs TUHAMUKY OOBOJIHEHHOCTH JOOBIBaEMOI HEPTH.

[enbto naHHOM pabOTHI ABISETCS YBEIUUYEHHE MEKPEMOHTHOTO IMEpHoia
HKCIUTyaTallUM CKBaXWH M MPEJOTBPALIEHUE COJe0Opa30BAHUS TMOA3EMHOIO
obopynoBanus Ha [IIuHrHHCKOM HEDTSIHOM MECTOPOKICHUH.

OOBEKTOM  HCCIEOOBAaHUS  SBISIOTCA  JOOBIBAIOIIME CKBAXKUHBI U
HarHeTaTesbHasl CKBaXXKMHA, MPOOBI MOMYyTHO-A00bIBAEMON Y HarHETA€MOU BOJIbI U
COJIEBBIX OTJIOKEHUI C COOTBETCTBYIOIIMX IKCILTyaTalAOHHBIX CKBAYKUH.

[IpeacraBieHHble pacyeTbl JAalOT BO3MOXKHOCTH BbIOpaTh Haubosee
NOAXOMSIIAA  METOJ  NPEAOTBPALICHUS  COJICOTVIIOKEHUH W HCXOOs U3
pPacCUMTAaHHOTO MECTa JIOKAJIW3aLUUU OTJIOXKEHHUS IO3BOJISIOT  ONpPEACIIUTH
ONTUMAJIbHYI0  TIyOMHY  JO3UPOBAHMS ~ MHTHOUTOpA, Il YBEJIMYEHHS

MEXPEMOHTHOTO TTepro/ia pabOThI CKBAXKHH.



AHHOTALHUA

B nmepBoM pa3zmene mpuBEACH JUTEpATYpHBI 0030p, B KOTOPOM
pPacCMOTPEHBI OCHOBHBIE TEOPETHYECKHE CBEACHHUS O (DaKTOpax, BIHSIONIMX Ha
o0pa3oBaHUE COJICOTIONKEHUN MPU TO0OBIUE HEPTH.

Bo BTOopom pasznene mnpencTaBlieH aHAIUTUYECKUM 0030p, B KOTOPOM
OTMMCHIBAIOTCSI OCHOBHBIE CTIIOCOOBI TIPENOTBpAICHUS 00pa30oBaHUs KapOOHATHBIX
coJiek mpu 100bIue HEPTH.

B tperbem pasmene mpUBOAMTCS TOCTAaHOBKA 3aa4dl MCCIICIOBAHUS, TIC
yCTaHaBJIMBAETCA  1I€JIb  KCCIENOBAaHUS U pacCMaTpuBaeTcs  IMepeyeHb
HEOOXOAMMBIX 3amay il e€ BhIMoJgHeHus. Llenpio gaHHOM paboTH sBIsETCA
YBEIMYCHHE  MEXKPEMOHTHOTO  TEpHUoAa  OKCIUTyaTalldd  CKBWKHH |
MpeIoTBpaIIeHUe Ccoje00pa3oBaHus MOJ3EMHOr0 OOOpyAOBaHUS Ha HE(PTIHOM
MECTOPOXKJICHUN «X». [IId NOCTMXKEHHS JaHHOW LEJHU MOCTABJICHBI CIEAYIOIINE
3a/1aud: HMCCIIEIOBaTh XUMHUUYECKUW COCTaB TMOMYTHO J0OBIBAEMOM BOJBI U
YCTAaHOBUTH €€ THUII, BBIMIOJIHUTH IMPOTHO3 BEPOSITHOCTH BBIMIAJICHUSI COJICH U3
MOTIYTHO JTOOBIBAEMOM BOJIBI; MPOBECTH aHAIM3 (OHAA CKBAXKUH, OCIOKHEHHOTO
COJICOTJIOKEHUSIMU; BBIOpaTh HambOosee A(PEKTUBHBIA CIMOCOO W TEXHUKY
MpeAOTBpAICHUs 00pa30BaHUs OTIOKCHUN KapOOHATHBIX COJIeH B JTOOBIBAOIIHMX
CKBa)KHHAX.

YeTBepThlii pa3ienl MOCBAIMIEH OOBEKTY M METOJaM HCCIEJOBaHUs, B
KOTOPOM TIpEACTaBiICHAa W PACCMOTPEHA TEOJOTHYECKas XapaKTePUCTHUKA «X»
HEe(DTAHOTO MECTOPOXKIEHUS, TMPUBEICHA THIPOTCOJIOTHYECKAsT XapaKTEPUCTHKA
MECTOPOXKACHUS, THAPOJAMHAMHYECKAs XapaKTePUCTHUKA MPOIAYKTHUBHOTO ILIACcTa
10, TpuBencHa XapaKTEPUCTHKA MEXAaHH3HPOBAHHOTO (DOHIA CKBAXKUH, COCTAB
macToBor Bojbl. [IpuBeneHa MeToAMKa aHaau3a BOJBI METOJOM KalUJUISIPHOTO
anekTpodopesa. PaccMOTpeHBI TEXHONOTHMH TIPEIOTBpAIICHHS U yIaJCHUS
COJICOTJIOKCHHUH B JOOBIBAIONINX CKBAKWHAX Ha «X» MECTOPOKICHHH.

[larerii pazmen TOCBSIIEH aHAMM3y (AKTOPOB U YCIOBUH 00pa3oBaHUS
COJICOTJIOKEHUH B TPEX HCCIACAYEMBIX JOOBIBAIONIMX CKBa)KWHAX: BBITIOJHECH

aHaJIn3 XUMUYECKOTO0 COCTaBa M CBOMCTB MOIYTHO JAOOBIBAEMON U 3aKauMBaeMOil



BOJIbI, YCTAHOBJICH THIT HCCIICTyEMOM BOJIBI ¥ M3Y4YeHA CTPYKTYpa COJICOTIIOKEHUS,
OTOOpPaHHOTO € KOpIlyca TJIIYyOMHHOIO OOOpYAOBaHHUS METOJIOM HH(]pakpacHOM
CHEKTPOCKONMH. BBIMIONHEH pacueT YCIOBUM COJICOTIOKEHUH B IMOA3EMHOM
000pyIOBaHUY IO UHJIEKCY HACKHIICHHS KapOOHATOM KaJIbITHS.

B mectoMm pasziene paccMOTpEHBI MOJTYYEHHBIE PE3yJbTaThl aHAJIU30B U
pacyeToB M UX OOCYXKJIEHUE — MPUBEJIEH aHalM3 Pe3yJIbTaTOB MPOTHO3a YCIOBHM
COJICOTJIOKEHUH B TIOA3EMHOM OOOpPYJIOBAaHWU W TMPEACTABICHBI OCHOBHBIE
NPEMJIOKEHHsI  TI0  TOBBIIICHUIO  CTENEHM  3allUuThl  00OpYIOBaHUA  OT
COJIEOTJIOKECHUU.

B cempmom  paszmene  mpeicTaBiieH — (DMHAHCOBBIA ~ MEHEKMEHT,
pecypcordHEKTUBHOCTh U pecypcocOepekeHre, B KOTOPOM OIleHEHa CTOMMOCTH
pEeCypcoB Ha TPOBEACHUE 3aIUATHI IOA3EMHOTO OOOPYIOBAaHUS CKBaKUH
pEareHTHbIM METOJIOM C HCIOJIb30BAaHUEM IMOTPY)KHBIX KOHTEHHEPOB Ha «X»
He(DTIHOM MECTOPOXKIeHUHU. BhinoaHeH pacueT skoHOMHUYecKoro 3¢ dekra 3a cuer
YBEIMYCHHS MEKPEMOHTHOTO TIEpHOIa pa0OThl CKBAKHH.

B BocekMOM pazjene mo cOUMaIbHOM OTBETCTBEHHOCTH IPEICTABIICHBI
pE3yNbTaThl aHAJN3a BBISIBIICHHBIX BPEIHBIX (DAKTOPOB, BOZHUKAIONIUX HAa paboueM
MeCTEe HHU3IIEro MPOU3BOJICTBEHHOTO 3BEHa — OrepaTopa Mo JA00bsue HedTH U ra3a
U PACCMOTPEHBI MEPbl HEOOXOIUMBIE [IJIsi CHIDKCHUSI WX BIMSHHS Ha 370POBbE

IMPOU3BOACTBCHHOI'O IICPCOHAJIA.



3akJIroueHue

3HauuTeNbHAs YacTh HEPTAHBIX MecTopoxkaeHud 3anagHoir Cubupu
HAaXOJUTCS Ha TO3MHEW CTaguu pa3paboTKu. J[ns Takux MeCTOpOKICHUM
XapaKTEpHO 3HAYUTENbHOE YBEIMYCHHE 0OBOJHEHHOCTH CKBAKMHHOM MPOIYKIIUH,
4YTO, B CBOIO OYEpE]b, YBEIMUYMUBACT BEPOSITHOCTH OOpa30BaHUS OTJIOKEHUUN
HEPACTBOPUMBIX COJIEH B MOJA3€MHOM OOOPYJIOBAaHWHU CKBaXXHH. B maHHOW pabote
paccMOTpeHbl  (pakTopbl 00pa3oBaHMsI — OCHOBHBIM, U3 KOTOPBIX SIBJISICTCS
HapylieHue  KapOOHAaTHOTO  paBHOBECHS B pe3yJibTaTe  M3MEHEHUS
TEPMOOAPUYECKUX YCIOBHM — W CHOCOOBI MPEAOTBPAIICHUS  OTJIOXKEHUM
KapOOHATHBIX COJICH.

[IpoBenen aHamM3 XMMHUYECKOTO COCTaBa IMOMYTHO JOOBIBAEMBIX,
IJIACTOBOM M HArHeTaemMoM BOJ C UCIIOJb30BAHUEM METOJIOB KAaIUJUISIPHOIO
anekTpodope3a M MIECTUKOMIOHEHTHOTO XUMHYECKOTO aHaliu3a, B pe3yJibTare
KOTOpPBIX OB YCTAHOBJIEH THUII BOJ — XJOpKaiblueBbli. Ha ocHoBaHuu
YCTAaHOBJICHHOTO XWMHYECKOIO COCTaBa HArHeTaeMoOM, MOMYTHO-T0ObIBAEMBIX U
IJJACTOBOM BOJ TMPOCIEKEHA [IMHAMHKA COAEPAKAHHUS HEKOTOPhIX HOHOB U
KOMITOHEHTOB BOJibI, B 4acTHOCTH CO,, 4TO MO3BOJISIET MPEATIONOXKUTH CMEIIICHUE
JAHHBIX BOJ B IUIACTOBBIX YCJIOBHUSX, YTO BIOCJIEACTBUU MOXKET HAPYIIUTh
XMMHUYECKOE PABHOBECHUE, B PE3YJIbTATE KOTOPOrO MPOUCXOJIUT BHIMIAJICHUE OCATKA
KapOOHATHBIX COJICH.

HccnegoBan oOpasel; COJEOTIOXKEHHM OTOOpaHHBIA €  TIIyOMHHOTO
000py1I0BaHUsI CKBAXKUH METOJOM HMH(PpPaKpacHON CHEKTPOCKONHUH U yCTAaHOBJICH
KJIacC MUHEpasia — KapOOHATHI.

[IporHo3 BeposTHOCTH OOpa3oBaHUs COJEOTIOKEHUM OCHOBaH Ha
OTIPEJICIICHUH WHJIEKCA HACHIIIICHHOCTH TMOMYTHO-J00BIBAEMBIX BOJ| KapOOHATOM
Kayblusl. PacueT nHaeKca HachIIEHHOCTH BBINOJIHEH 110 MeToy Onno u ToMcona
Y 0 METOAWKE, OCHOBAHHOW Ha MeToJe MapkrHa, YYUTHIBAIOIIEH XUMUYECKUE

O0COOEHHOCTH COCTaBa BOJIbI, TEPMOOAPUIECKHUE YCIIOBUS B CKBaKMHE U PH BOMBI.



Hcxonst U3 BBIMOTHEHHBIX PAacu€TOB, HAMOOBIIAST BEPOSATHOCTh BBITTAICHUS
KapOOHATHBIX COJIEM COOTBETCTBYET MHTEpBaidy OT 2400 M 10 3a00s CKBAaKHH.
WNuTepBanaM, COOTBETCTBYIOUIMM TJIyOMHAM CIIycKa Hacoca, COOTBETCTBYET
HanOOJIbIIIAs BEPOSTHOCTh BBIMIAJICHUS KapOOHATHBIX COJIeH, 4TO OOYCIIOBIICHO
MECTHBIM  TIOBBIIIEHHEM  TEMIIEpaTypbl. OJTO  CIYXUT  OOOCHOBaHUEM
peKOMEHJAIMd TMPOAaBKH HWHruoOuTopa cojeornokennit Cancon-2001A B
npu3aboiiHyo 30Hy miacta arperatom LIA — 320M B kommgectse 26,5 M.

AHanmu3 3(QGEKTUBHOCTH TPUMEHSEMBIX Ha MECTOPOXICHUU METO/OB
3aIUTHI MOJ3EMHOTO 00OPYAOBAHUS OT COJCOTIIOKEHUN MOKa3al, YTO HAUTYUIlIUM
ABJISIETC ~ KOMOMHUPOBAHHBIM  CIOCOO  MPEAYNPEKIEHUS C  COBMECTHBIM
UCIIOJb30BAaHUEM  YCTAHOBOK  JO3UPOBAaHUS  XMUMHUYECKHX  PEAarecHTOB U
KOHTEMHEPHOro crocoda 3alMThl MOA3€MHOr0 O00OpYIOBaHUS HMHTHOUTOPOM:
MEXPEMOHTHBIN MEPUOJT IKCILTYyaTallMOHHBIX CKBOKUH YBEJIMUYMUBAETCs OoJiee, yeM
B 2 pa3a. B 3uMHuUl epuoj SKCIUTyaTaluu YCTAaHOBOK JO3UPOBAHUS XUMHYECKUX
peareHTOB — HEOOXOMMO UCIOIb30BaTh YTEIUISIIONIME PyKaBa.

DOkoHOMUYECKUM dPGEKT 3a CUET YBETUUYCHHUS MEKPEMOHTHOIO IMEpHOjIa
paboThl MO TPEM HCCIEAOBAaHHBIM OCIOXHEHHBIM CKBakuHam coctaBwi 70,29

MUJITHOHOB PYOJIeH.
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9. Scale problems in production

Scale formation is a major problem in the oil industry. They may occur
downhole or in surface facilities. The formations of these scales plug production
lines and equipment and impair fluid flow. Their consequence could be production
equipment failure, emergency shutdown, increased maintenance cost, and an
overall decrease in production efficiency. The failure of production equipment and
instruments could result in safety hazards [22].

Wells producing water are likely to develop deposits of inorganic scales.
Scales can and do coat perforations, casing, production tubulars, valves, pumps,
and downhole completion equipment, such as safety equipment and gas lift
mandrels. If allowed to proceed, this scaling will limit production, eventually
requiring abandonment of the well.

Oilfield scales costs are high due to intense oil and gas production decline,
frequently pulling of downhole equipment for replacement, re-perforation of the
producing intervals, re-drilling of plugged oil wells, stimulation of plugged
oilbearing formations, and other remedial workovers through production and
injection wells. As scale deposits around the wellbore, the porous media of
formation becomes plugged and may be rendered impermeable to any fluids.

The two common, most insoluble types of inorganic scale formed during the
extraction of the oil, are calcium carbonate (CaCO3) and barium sulphate
(BaSO4). Both types of mineral scale are widely known from the different
applications in daily life. However when it comes to the oil field processes, both
mineral types like others (i.e. CaSO4, FeCO3) are undesirable since they result in
blockage of pipes and in many other flow assurance problems. A number of past
and on-going projects of this research group focuses on the CaCO3 and BaSO4

formation processes that occur in the bulk phase and on the surfaces.



Water chemistry

Operators normally track the water chemistry by knowing the characteristics
of the ions present in the produce water. Changes in the concentration of the
scaling ions such as Ba®* or SO* are notified. When the scaling ions coincide at a
concentration prone to precipitation, oil production will reduce and water cut
increases thereby signifying broken-in of injection water and therefore scale begins
to form. Therefore, permanent monitoring analysis should be employed to detect
the changes in the water chemistry for early scaling condition and predictions.
Sensors are used to help detect the concentration changes of scaling ions and

regulate chemical dosage for scale control.

9.1 Scale remediation

Scale remediation techniques must be quick and nondamaging to the
wellbore, tubing, and the reservoir. The scale inhibition in downhole equipment
does not have a unique solution, every case of scale formation has its own
individual approach. Predicting possible complications associated with scale has
particular importance in addressing such a complex multisided problem. For the
successful solution, constant well monitoring and monitoring of physico-chemical
processes in it are required. Great help in this matter could have a map of changes
in the produced water composition in various components of: chlorides, sulfates,
barites and mineralization.

Scale mitigations cost the oil and gas industry a lot of money in millions of
dollars. When scale is formed, a fast and effective technique is required for its
removal. These techniques involve both chemical and mechanical approaches
depending on the location of the scale formed and or its physical properties. Most
often, mineral scale are treated base on their types. Some can be dissolved by acid
treatment such as in the case of CaCO; while others cannot and sometimes the
scales would have been coated with waxy hydrocarbons protecting them from

chemical dissolvers.



Chemical and or mechanical techniques are employed traditionally to cut
through the scale blockages. Nevertheless, some hard scales such as CaSO,, show
tendency to resist both mechanical and chemical treatments.

If the scale is in the wellbore, it can be removed mechanically or dissolved
chemically. Selecting the best scale-removal technique for a particular well
depends on knowing the type and quantity of scale, its physical composition, and
its texture. Mechanical methods are among the most successful methods of scale
removal in tubulars. When pulling costs are low (e.g., readily accessible and
shallow land locations), the least expensive approach to scaling is often to pull the
tubing and drill out the scale deposit.

The main idea is to track changes in the produced water composition in the
dynamics. So reducing the content of barium ions, then the appearance of sulfates,
after complete disappearance of the barium shows may indicate leakage of

production casing and imminent failure of the pump due to scale.

9.1.1 Conventional mechanical method

This technique offers a wide range of tools, applicable depending on the
areas of the scale deposits, but also provides some limitation of ranges
applicability. Therefore, selecting the good method depends on the well position
and the scale deposition. Mechanical methods are among the successful methods in
scale removal in tubular. Earlier, explosives were used to rattle pipe and break the
brittle scale, but can easily cause damage to the tubular and well cements. Very
hard scale cannot be removed by explosive or penetrate by chemicals. Thus,
conventional is the next alternative option, this is most used by engineering tools

and machines [23].



9.1.2 Inhibition

Scale inhibitors are chemicals which delay, reduce or prevent scale
formation when added in small amounts to normally scaling water. Most of
modern scale inhibitors used in the oilfield functions by one or both of the
following mechanisms:

— When scale first begins to form, very tiny crystals precipitate from the
water. At this point, the scale inhibitor absorbs onto the crystal surface thus
preventing further growth;

— In some cases, scale inhibitors prevent the scale crystals from adhering
to solid surfaces such as piping or vessels.

In the majority of cases, a good scale inhibitor should be effective at 5-15
ppm in clean water. However, if substantial amount of suspended solids are
present, higher inhibitor concentrations will be necessary. Moreover, the reason
being that the inhibitor will adsorb onto surface of the solids in the water, thereby
reducing the amount available to inhibit scale formation.

Scale inhibitors that are periodically pumped down production wells and
into the producing formation for short distances around the wellbore have been
developed and are widely utilized. The inhibitor contacts the formation and is
adsorbed onto the reservoir petrofabric. It is later slowly released into the produced
fluids, thereby inhibiting the formation of sulfate scales for some period of time,
usually several months. When the inhibitor concentration levels fall too low to be
effective, the well is again squeezed with chemical and the cycle is repeated. This
technique is widely known as squeeze inhibition.

Several combined scale removal and inhibition systems could be considered
in order to meet these challenges. Hydrochloric acid may be the most cost effective
treatment to remove calcium carbonate, but corrosion control, system compatibility
and inhibitor adsorption may all be difficult in a combined treatment. Conversely,

scale dissolvers may offer better corrosion control and scale inhibitor compatibility



when spent, but will be higher cost. Organic acids could offer a compromise which

allows most of the system requirements to be met.

9.2 Combined treatments

Well intervention to place the scale inhibitor is particularly costly with high-
volume wells because of large amounts of deferred oil; intervention at remote
locations (e.g., offshore platforms and subsea completions) adds to the cost. It is
often possible to place a scale inhibitor as part of the scale-removal step, providing
both treatments with one setup and intervention. One of these techniques is the
inclusion of a scale inhibitor with the acid stimulation process for dissolving
calcite scale [24]. The advantages are in cost and in putting the inhibitor into
exactly the same zone opened up by the acid treatment.

A second dual-treatment technique consists of placing a scale inhibitor along
with a hydraulic fracture stimulation. Inhibitors can be injected into the pumped
gel/sand mixture with calcium ion to form a sufficiently insoluble and immobile
scale-inhibitor material within the proppant pack. DTPMP acid has been used, as
well as polyphosphates [25]. Other inhibitor formulations can generate a “glaze”
on the proppant pack. The concept has been effective with calcite and barite scales.
This technology has been practiced since the early 1990s on the Alaskan North
Slope and, more recently, in west Texas; lifetimes of nominally two years are now
claimed. Shown in Figure 9.1 are return curves for such a treatment together with a
return curve for a conventional squeeze. Here, lifetime is expressed in terms of
quantity of water protected from scaling. There are also a few important ancillary
advantages to the method greater than extended lifetime — the well returns to
production faster because adsorption time shut-in is not required, and there is little
opportunity for changes in the formation wettability and its attendant problems.

The concept is illustrated schematically in Figure 9.2.
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Figure 9.1 — Inhibitor return curves for two Permian Basin wells treated with
inhibition/fracturing technology and a companion well treated by a conventional
squeeze (after Wigg and Fletcher) [25]
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Figure 9.2 — Schematic representation of the mode of operation for a
combined hydraulic fracture and scale inhibitor treatment (after
Schlumberger Oilfield Review).

A newer, dual-treatment technique consists of deploying an inhibitor
impregnated into porous ceramic proppant along with conventional proppant in
hydraulic fracture stimulation. Upon production, any water flowing over the
surface of the impregnated proppant will cause dissolution of the scale inhibitor.
Dry oil will not release the inhibitor from the beads or the insoluble inhibitor. Field
examples of this technology are given in Webb, et al. and Norris, et al [25]. The
advantages are similar to those of the nonencapsulated inhibitor/frac concept
already discussed but with a potentially longer lifetime (e.g., 4 years). This scaling

occurs primarily when incompatible waters mix near the wellbore.



